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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

New Zealand Synfuels Achieves New Record Production 

The natural gas to methanol to gasoline plant operated by New Zealand Syn-
thetic Fuels Corporation Limited achieved a new production record of 
620,000 tonnes of gasoline in 1988. Excerpts from the Company's Annual 
Report, starting on page 1-1, detail how the record production was achieved 
while at the same time the cost of production was lowered by six cents per 
liter. 

California Biennial Energy Report Sees Need for Alternative Fuels 

The	 California Energy	 Commission	 (CEC)	 has	 conducted over	 10	 years	 of 
research	 and development	 work	 on alcohol fuels	 as	 replacements for	 gasoline 
and diesel fuel. In its 1989 Biennial Report on California's Energy Agenda (see 
page	 1-4),	 the CEC	 notes	 that	 in	 certain	 areas	 of	 the state, the	 use	 of 
petroleum based fuels may be eliminated in the future. 

Transportation Research Board Looks at Transportation in 2020 

A	 report	 from	 the	 National	 Research Council's	 Transportation Research Board 
has	 looked	 at	 the	 year	 2020,	 and	 sees	 it	 as	 basically little changed from 
today.	 As reported on page 1-9, the Board predicts that most travel will still 
be	 by personal	 automobile,	 and that	 highway	 congestion will be	 worse than 
ever.	 It	 affirms	 that	 government policy will 	 determine the	 conditions under 
which alternative fuels 

will 
compete with petroleum. 

New UA Long-Term Forecast Lowers Expected Prices for Oil 

The	 United States	 Energy	 Information	 Agency's	 new	 Annual	 Energy Outlook 
shows that the EJA's	 oil price expectation for the year	 2000 is now $28 per 
barrel (in	 1988 dollars) compared to	 $32	 in	 last	 year's	 forecast.	 In the Base 
Case, prices remain below	 $20 until	 1995,	 and then	 rise to $28 by the year 
2000. The main points	 of	 the ETA forecast	 may	 be	 found in the article on 
page 1-10.

Federal Reserve Bank Predicts High OR Prices By 2000 

The Federal Reserve Bank of Dallas says, given the evidence that oil consump-
lion responds symmetrically to rising and falling oil prices, the current price 
and quantity combination is too low to be sustained in the long run. They 
predict strong growth in oil demand during the 1990s, with world oil prices 
rising to $30 to $40 per barrel by the year 2000. See page 1-14 for a sum-
mary.
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World Bank Report Shows Strong Upturn for Oil in the 1990s 

A report prepared for the World Bank by the Petroleum Finance Company at-
tempts	 to predict	 oil futures by developing an index of leading Indicators for 
the oil market.	 Their analysis	 (page	 1-16) suggests, that the low point of the 
current contraction will occur around 1992 to 1993, to be followed by a cycli-
cal	 expansion	 to	 the end of	 the	 century. The amplitude of	 that	 expansion 
could be similar to that of the 1970s. 

Methanol Said Unecunoudc as a Gasoline Substitute 

Work carried out at Amoco shows that the initial introduction of methanol as 
a motor fuel would result in costs at least 36 cents per gallon above that of 
gasoline, on a gallon of gasoline basis. When methanol demand has developed 
sufficiently to justify the construction of large methanol- cluster plants, the 
cost of substitution could drop to 16 cents per gallon of gasoline equivalent. 
A summary of the Amoco cost calculations begins on page 1-18. 

Contrarian View Says Earth to Benefit From Increased Carbon Dioxide 

The last year has belonged to the forecasts of doom from the carbon dioxide 
greenhouse	 effect. However,	 a	 contrarian	 voice has	 now been heard which 
says	 that	 the	 potential ill effects	 are	 overblown,	 and that in	 fact,	 a "great 
greening of	 the	 earth" will	 occur.	 For	 more	 on	 this	 view,	 which says "we 
should embrace the steadily rising carbon dioxide content of the earth's atmos-
phere as the great ally which it truly is," see page 1-24.

Unocal Lowers Breakeven Point 

Unocal Corporation says it has lowered its breakeven point on cash operating 
costs to less than 5,000 barrels per day. The plant has now produced over 
two million barrels of shale oil syncrude. See page 2-1 for a complete 
production history. 

New Pareto Puts Shale Oil on Highway Test Strips 

New Paraho Corporation has laid out a demonstration program for shale oil 
modified asphalt paving. Five highway test strips will be established during 
1989. See page 2-1 for details. 

Western Slope Refining Meets Environmental Oppositions 

Western Slope Refining, the successor to Gary Refining Company, has reopened 
the Fruits, Colorado refinery and will begin to process shale oil from Unocal's 
Parachute Creek oil shale project. In spite of environmental opposition to the 
refinery's restarting (page 2-3), the company plans to be In full production by 
July.
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SPP/CPM Note Encouraging Trends in Oil Shale 

Southern Pacific Petroleum and Central Pacific Minerals say that events during 
1988 reinforce their conviction that shale oil will soon be needed in Australia. 
In their Annual Report, reviewed on page 2-4, the companies discuss the range 
of oil shale activities in which they are involved. 

House Passes Oil Shale Land Bill 

An oil shale claim reform bill, sponsored by Colorado Representative Ben 
Campbell, has passed the House of Representatives. Major provisions of the 
bill are outlined on page 2-9. 

Shale Oil Asphalt Blend a Promising Niche Market 

Shale oil could become a premium material for blending into asphaltic concrete 
for highway construction. A recent analysis (page 2-12) shows that values of 
$70 to $100 per barrel for the shale-derived asphalt might be feasible. 
Demand for asphalt in the three-state Colorado, Utah, Wyoming region could 
support a 2,000 barrel per day shale oil plant. 

Texaco Flash Hydrotorting Process Gives High Oil Yields 

Experiments carried out by Texaco involved flash retorting of slurried oil shale 
in a high pressure hydrogen atmosphere. They were able to achieve yields of 
130 percent of Fischer Assay. A summary of this work begins on page 2-15. 

Dry Exhaust Conditioner Tested in Unocal Mine 

A prototype dry engine exhaust conditioner, designed to allow large (600 horse-
power) diesel engines to be certified for operation in gassy mines, was field 
tested at Unocal's Parachute Creek oil shale mine. The combination dry ex-
haust cooler, flame arrestor and spark arrestor was able to achieve its design 
functions but was subject to excessive fouling and plugging of the internals 
(see page 2-17). 

LLNL Finds Effect of Steam on Retorting to be Limited 

The effect of steam on oil shale pyrolysis has been of Interest for over a 
decade. Work at Lawrence Livermore National Laboratory has shed new light 
on the subject (page 2-23). They found that steam increased yield slightly 
(10 percent), and was more effective with smaller oil shale particles, Indicating 
that the effect was due to an inhibition of char-forming reactions. 

Oil Shale Research Institute Marks 30th Year 

The oil shale research institute at Kohtla-Jarve in the Estonian SSR celebrated 
its 30th anniversary in 1988. A brief history and listing of accomplishments 
has been translated on page 2-27.
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Canadian Shale Tested by Petrclx 

Oil shale samples from New Brunswick, Canada have been tested In Brazil's 
Petrosix process (page 2-28). The two samples tested yielded six and 12 per-
cent (weight) oil by Fischer Assay. Retorting in the Petrosix process achieved 
95 to 103 percent of Fischer Assay oil yield. 

Brazilian Projects Study Use of Oil Shale Fines 

Several techniques for utilizing oil shale fines are under study in Brazil. 
These include entrained-flow retorting, a spouting fluidized bed retort, and a 
circulating fluidized bed combustor. An overall description of the program 
begins on page 2-30. 

Development Potential of Nova Scotia Oil Shales Assessed 

A re-examination of the oil shale resources of the Stellarton Basin in Nova 
Scotia, Canada was completed recently. Results, summarized on page 2-33, in-
dicate a potential of 168 million barrels of oil In place. The average grade Is 
so low, however, that these shales are unlikely to be utilized in the near fu-
ture. 

Two Naboolite Projects Under Way as Oil Shale Lamb 

Two projects,	 both involving solution	 mining of nahcolite,	 have	 lined up sig-
nificant backing for their	 Rio Blanco	 County, Colorado	 projects.	 Both	 are 
situated on	 federal sodium	 mineral	 leases,	 which overlap some of the	 richest 
oil shale deposits in the Piceance Creek Basin. Details on the projects may be 
found on page 2-42.

Wolf Lake Phase 2 Delayed for One Year 

BP Canada and Petro-Canada will delay startup of the 90 percent complete 
Wolf Lake Phase 2 expansion until at least 1990. 	 Full capacity of the 
15,000 barrel per day expansion is not expected before 1991. 	 BP Canada's
reasons for the delay are discussed on page 3-1. 

Canadian Project Deferrals and Cutbacks Summarized 

In late 1988 and early 1989 a number of Canadian heavy oil and oil sands 
projects were shut down, deferred, or cut back. A listing of the status of 
projects is given on page 3-3. 

Bunger Associates Gets Tar Sands Funding 

James W. Bunger and Associates of Salt Lake City, Utah has received a 
$500,000 grant from the Small Business Innovation Research program to develop 
a process for manufacturing road asphalt from Utah tar sands. The company 
says that producing asphalt from tar sands would improve the availability and 
quality of asphalts used in the Rocky Mountain region (page 3-8). 
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Suncor Records Loss, Schedules Cutbacks 

The Suncor Oil Sands Group recorded a loss from operations of $4 million in 
1988 compared to earnings of $48 million in 1987. As a result, Suncor has 
reduced personnel, deferred capital spending at the oil sands plant, delayed the 
Burnt Lake project, and terminated the Fort Kent project. Further details may 
be found on page 3-10. 

ERGS Reports Record Production at Canadian Oil Sands Plants In 1988 

The Alberta Energy Resources Conservation Board reports that total production 
of syncrude from Alberta's two integrated oil sands plants set a new record In 
1988 (page 3-12). The total of 11.7 million cubic meters exceeded the previ-
ous record established in 1986 by over eight percent. 

ERCB Forecasts Strong Growth in Bitumen Production 

A new 15-year forecast from the Alberta Energy Resources Conservation Board 
shows significantly higher expectations for bitumen extraction by mining than 
was the case for their last forecast three years ago. Under the Base Case 
forecast (page 3-13) total Alberta oil supply remains constant at about 220,000 
cubic meters per thy, with declines in conventional oil production largely off-
set by increases in bitumen and synthetic crude oil production. 

Kaoiinite in Circle Cliffs Tar Sand Cuts Retorting Yield 

Experimental retorting of tar sand from the Circle Cliffs deposit in Utah has 
given very low oil yields. As reported on page 3-17, this has been found to 
be due to kaolinite in the mineral substrate, which catalytically cracks the 
bitumen to gaseous products at retorting temperatures. 

Miaokibble Flotation Process Patented 

An improvement to the hot water extraction process has been patented which 
involves the injection of microbubbles of air into the slurry stream between 
the hot water/sand tumbler/conditioner and the primary separation vessel. As 
explained in the patent (page 3-17), the result is less loss of oil in the mid-
dlings from the primary separation vessel, and a higher recovery in the froth. 
An air/steam device creates the microbubbles. 

Chevron Patents Combined Tar Sand/Coal Upgrading Process 

The process, described on page 3-19, consists of mixing raw coal with tar 
sands bitumen and a recycled process solvent before hydrogenation. Some raw 
tar sands ore may be included also. Synergistic effects are noted when 
hydrogenating bitumen and coal at the same time. 
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Aitalts and Bitumens Said Plentiful in Turkey 

Asphaltites and asphaltic pyrobitumens are found in numerous occurrences in 
Turkey (page 3-24). Some 500,000 tons per year are produced from shallow 
pits, and geological resources are estimated at over fifty billion tons, with 
over 17 billion tons proven. 

Nigeria to Study Tar Sane 

The Nigerian government hopes to find foreign investors to put up $200 million 
to start the development process for tar sands deposits in Nigeria (see 
page 3-24). More than 43 billion barrels of bitumen in place have been iden-
tified already. 

-	 World List of Heavy Cnzth and Tar Sand Occurrences Published 

The UNITAR/UNDP Centre for Heavy Crude and Tar Sands has compiled a list of 
reported worldwide occurrences of heavy oil and tar sands. The table, 
reproduced on page 3-24, contains no estimate of reserves, but does illustrate 
the widespread existence of these resources. 

Alberta Could Make More Oil Sane Leases Available 

The Athena Energy Resources Conservation Board is considering expanding the 
Athabasca Oil Sands Area (see page 3-28 for a map). If the proposed is 
adopted, holders of existing petroleum and natural gas leases in the expanded 
area would receive preference for new oil sands leases. 

USGS Summarizes Bitumen Bearing Deposits of the United States 

A new United States Geological Survey bulletin summarizes by state the loca-
tions, size and description of known bitumen-bearing deposits. A brief abstract 
concerning the bulletin, which includes maps and 17 tables, appears on 
page 3-28. 

Energy lnternathmal Still Struggling, Likely to Miss Tax Credit Deadline 

Energy International's Rawlins Coal to Ammonia underground coal gasification 
project had hoped to be able to capitalize on the nonconventional fuels 
production tax credit which Congress extended late in 1988. However, the ex-
tension was for only one year, and Energy International has been unable to 
firm up financing in time to get the plant onstream by the December 31, 1990 
deadline. For a complete description of the project, see page 4-1. 

Great PlnInq Continues Record-Breaking Performance 

Since Dakota Gasification Company assumed operation of the Great Plains 
gasification plant last November, the plant has been producing at more than 
110 percent of design capacity. A discussion of the plant status with respect 
to satisfying emissions standards, developing byproducts and maintaining finan-
cial stability starts on page 4-2.
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Calderon Gasification Project Back on Track 

Calderon Energy Company is building a process demonstration unit to test the 
Calderon coal gasification process. 	 After experiencing a delay of several 
months, the P1W is now scheduled for completion by the end of 1989.	 A
complete description of the project is given on page 4-4. 

Keel Group Ships Lignite Gasification Pilot Unit to Greece 

Xcel Group is a company founded by former managers of the Allis Chalmers 
Coalgas Corporation. In March of this year Xcel shipped a $1 million lignite 
gasification pilot, which they designed, to Greece (page 4-7). The unit will be 
tested on Greek lignite. 

DOE Issues Solicitation for Clean Coal Technology Round Three 

The Third Round solicitation for the Department of Energy's Clean Coal Tech-
nology program was issued May 1, with proposals due August 29, 1989. Some 
changes from the earlier solicitations are intended to give more weight to the 
financial commitment of proposing companies. A brief summary of the solicita-
tiön is given on page 4-8. 

Coal Conversion Projects in Clean Coal Program have Problems 

The General Accounting Office has given Congress a report outlining problems 
encountered by several projects in the Clean Coal Technology program. As 
noted on page 4-9, three of the projects listed as having serious difficulties 
are those involving some form of coal conversion. These are the Energy Inter-
national underground coal gasification project, the M. W. Kellogg advanced coal 
gasification project, and the Ohio Ontario Clean Fuels coal/oil coprocessing 
project. 

Clean Coal Technologies CasM Present an International Market Opportunity 

According to David Williams Jr., the United States Clean Coal Technology 
program is failing to seize an opportunity to develop a strong export position 
for United States technologies and services. Williams, whose talk Is condensed 
on page 4-13, believes that international coal trade could quadruple in the 
next 20 years, and on an energy basis, will surpass world oil trade in less 
than 40 years. With its position in coal reserves and technology, the United 
States could conceivably dominate this trade. 

ShellJEfll Economic Studies on Shell Gasifier Summarized 

The	 results	 of several coal	 gasification combined	 cycle studies sponsored by 
Shell,	 EPRI	 and various electric	 utilities are summarized in the article starting 
on page 4-16. Costs did not	 appear to be highly variable from site	 to	 site, 
but	 could	 be strongly affected	 by	 size of	 plant.	 A	 base case	 cost	 of 
$1,470 per kilowatt for a 400 megawatt plant could drop to as low	 as	 $1,088 
per kilowatt.
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Chemical Byproducts From 0CC Plants Could be Highly Profitable 

It Is widely recognized that coal gasification combined cycle plants could 
easily be set up to produce chemicals when not all of the syngas which can 
be produced is needed for electric power generation. The analysis on page 
4-20 suggests that coproducing chemicals in this way could lower the cost of 
electricity from 54.7 mills per kilowatt-hour down to 36.8 mills per kilowatt-
hour. 

Systems Study Shows Mild Gasification to be Attractive 

A study by the Morgantown Energy Technology Center shows that, for a 
generic mild gasification system, and char valued at the same price per BTU as 
the feed coal, the coal liquids would have to sell for $35 per barrel. Al-
though this is equivalent to the price needed for "conventional" synthetic fuel 
processes, it is produced from a plant only one tenth as large. If a 
reasonable premium can be obtained for the char, however, then the cost of 
the liquid can be less than $20 per barrel, including a 15 percent return on 
investment. See page 4-23. 

Great Pbthrt Operating Problems Correlated With Lignite Properties 

Problems with clinkering in the gasifiers, and with low gas yield occurred in-
termittently during early operations at the Great Plains coal gasification plant. 
The clinkering problem has been traced to variable high sodium levels and 
variable particle sizes In the lignite feed. Improved screening along with 
blending to control sodium levels has now solved the problem (page 4-27). 

Very High Ash Coals Gasified in India 

High-ash (22-50 percent) coals in India have been tested in different types of 
gasifiers. As summarized on page 4-35, the results show that the performance 
penalty for using high ash coals Is on the order of 10-15 percent in com-
parison to low ash coals. Moving bed gasifiers are least affected, while 
fluidized bed and slurry-fed entrained bed gasifiers are most affected. 

Sasol Shifts Emphasis From Fuels to Chemicals 

Recent reports from Sasol show continued evolution from a fuels producer to a 
chemicals producer. This has made possible an increase in earnings despite a 
drop in oil prices. Sasol is expanding its production of a variety of chemical 
products, as outlined on page 4-40. 

Shell Coal Gasifier to be Built In the Netherlands 

A group of Dutch electric utilities has picked the Shell coal gasification 
process for use in the first full-scale integrated gasification combined cycle 
plant in the Netherlands. The facility will be the largest such installation in 
the world, with a capacity of 253 megawatts (see page 443). 
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CORPORATIONS 

NEW ZEALAND SYNPUflS ACHIEVES NEW RECORD 
PRODUCTION 

New Zealand Synthetic Fuels Corporation Limited 
(Synfuel) operates the world's first gas-to-gasoline 
plant. 

Situated in Taranaki, on the north west coast of 
New Zealand's North Island, the plant is supplied 
with a mixture of natural gas from the Kapuni and 
Maui fields. The gas Is converted to gasoline using 
Mobil's fixed bed catalyst system and the revolution-
ary catalyst ZSM-5. 

The synthetic gasoline is exported or used for blend-
ing at the Marsden Point Refinery at Whangarei (In 
the north of the North Island). 

Plant construction started In early 1982 and 
first gasoline was produced on October 17, 1985. 

At December 31, 1988, the Corporation was owned 
75 percent by the New Zealand Government and 
25 percent by Mobil Petroleum Company Inc. The 
government announced on December 8, 1988 that It 
had signed a memorandum of understanding with 
Petrocorp for the sale of all Its contractual obliga-
tions In the Synfuel venture. 

In a year of near unbroken production, in 1988, 
some 620,000 tonnes of gasoline were produced 
(Figure 1). The plant was designed to produce 
570,000 tonnes a year. The year's record production 
included make-up of 33,300 tonnes of product lost In 
1987 due to reformer failure. 

TONS OF GASOLINE DELIVERED

A successful maintenance turnaround on the Methanol 
No. 1 plant In January 1988, followed by Improve-
ments to the MTG Waste Water Plant, and upgraded 
strategy of operation of the MTG plant, have all in-
creased efficiency and ensured continued safe opera-
tion. 

Total costs, excluding loan interest and principal 
repayment, but including estimated feedgas costs, 
was around 22 cents per liter of gasoline produced 
which compares favorably with the cost of conven-
tional manufacture of gasoline. 

As a result of this excellent performance 
profit for the year was $138 million. 

Synfuel Is also a major contributor to the lowering 
of lead levels In New Zealand gasoline. Studies are 
welladvanced that will enable the production of a 
lead free 95/96 octane gasoline at Synfuel before 
1996. 

The record production level was the result of a 
number of activities aimed at improving throughput 
and plant efficiency: 

Changes were made to the operation of the 
Methanol No. 1 plant which stabilized the 
superheater leakage rate and enabled produc-
tion to be	 maintained throughout	 the 
remainder of the year. Lower superheater 
leakage rates In the Methanol No. 2 plant 
enabled this plant to sustain high production 
rates throughout the year. 

2. The Introduction of high carbon dioxide 
feedgas at the end of September resulted in 
higher methanol production. This enabled 
record production levels to be obtained over 
the latter part of the year. The use of 
high CO2 feedgas was made possible by the 
completion of the project to use only Maui 
gas as fuel gas and the Maui/Kapuni mix gas 
as feed gas. The level of CO 2 peaked at 
19.5 percent and Is currently being main-
tained at 17.5 percent. 

3. New methanol plant catalysts and the intro-
duction of MTG wastewater to the methanol 
plants also contributed to higher methanol 
production. 

4. Changes In operating strategy of the MTG 
units led to further Improvements in catalyst 
performance. These changes aim to minimize 
the low yields early in catalyst life typically 
seen when fresh catalyst Is brought on 
stream. The last of the initial catalyst 
loads which had been in service for over 
two and a half years was replaced in July. 

also placed on the management of ex-
Cost containment programs In 1988 
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resulted in	 a	 considerable	 reduction	 of	 the 
Corporation's operating expenses. The reduction in 
costs is reflected in the comparison of production 
costs for 1987 and 1988 which show a reduction of 
6.05 cents per liter from 12.97 cents in 1987 to 
6.92 cents in 1988 (Figure 2).

first is due to be delivered in July 1989 to be 
available for cliangeout prior to the 1990 
turnarounds if necessary. 

A new project, unrelated to improvement of the 
plant operation, was the construction of the Heavy 
Gasoline Loadout Facility. This was undertaken by 
Synfuel on behalf of the Gas and Geothermal Trading 
(GOT) Division of the Ministry of Energy for supply 
of heavy gasoline to ICl/Synchern for the purpose of 
durene extraction.	 The facility Is complete and 
operational. 

Synluel has also provided GOT with the design basis 
and preliminary estimate for inside battery limits 
facilities	 required	 for	 the	 export	 of	 tip	 to
1,800 tonnes per day of crude methanol to Petralgas 
Chemicals (NZ) Limited. 

During the year a number of new business oppor-
tunities were examined. A firm process design 
proposal was developed for the manufacture of 
methyl tertiary butyl ether (MTBE), an octane im-
prover for use in unleaded gasoline, at Synfuel and 
by year's end the proposal had been endorsed by 
Mobil and a scoping estimate developed. A technical 
report requested from Davy McKee, the designer of 
the Synfuel Methanol Plants, was completed and 
clearly endorsed the Installation of methanol distilla -
tion facilities at Synfuel as a potentially feasible 
project. 

The project to replace the methanol plant super-
heaters continued on schedule throughout 1988. The
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GOVERNMENT 

ACS URGES INCREASED FUNDING FOR ENERGY 
RESEARCH 

The American Chemical Society (ACS) has devoted 
quite a bit of time and attention this year to 
various portions of the Department of Energy's (DOE) 
proposed budget for fiscal 1990. 

Testimony was presented on behalf of ACS before 
the House Energy & Water Development Appropria-
tions Subcommittee by E. F. Hayes, of Rice Univer-
sity. 

Hayes told the subcommittee that research supported 
through DOE's Basic Energy Sciences (BES) program is 
being badly squeezed by budget pressures. "the 
situation is especially true in the chemical sciences 
and materials sciences divisions," he said, "where ad-
ditional funds are being targeted to meet facilities 
needs or for designated research areas such as 
molecular	 sciences	 and	 high -temperature
superconductivity." 

Hayes pointed out that from fiscal 1981 through 
1089, DES research funding increased only $10.7 mil-
lion, or three percent, In constant 1989 dollars. 
Over the same period the chemical sciences research 
program suffered a 12 percent, $12 million, decrease 
despite the fact that the vast majority of the 
nation's energy is derived from chemical processes, 
He noted that the amount of the decrease is roughly 
equal to the division's 1988 contribution of about 
$10.3 million to two national late--Ames Laboratory 
and Lawrence Berkeley Laboratory--plus support for 
15 private investigator research grants at $100,000 
each. Funding for materials sciences research, 
meanwhile, decreased $5.7 million, or four percent. 

To restore funding for the two divisions to their 
1981 level of effort, Hayes said that ACS recom-
mends an 18 percent Increase over the fiscal 1989 
operating budget for materials sciences research, 
from $136.6 million to $143.3 million. 

Further, Hayes said, ACS believes that the university 
Instrumentation program of DOE's office of energy 
research is underfunded. Of the 151 applications 
received in fiscal 1988, only 22 were funded even 
though many more were deemed worthy of support. 
That being the case, ACS is recommending a 50 per-
cent increase to $7.5 million for the instrumentation 
program In fiscal 1990. 

Earlier this year, in a letter sent to members of 
DOE's authorization and appropriations subcommittees 
concerning the department's fossil energy research 
budget, ACS recommended that Congress: 

- Expand the level of funding for advanced 
coal research programs from $41.5 million in 
fiscal 1989 to $80 million in fiscal 1990.

- Support research programs that will provide a 
sound foundation for understanding coal 
structure and chemical and physical behavior. 

- Continue strong support for the Clean Coal 
Technology Program.

fl## 

NEW DOE CHIEF PUSHING FOR NEW ENERGY PLAN 

The new head of the United States Department of 
Energy (DOE), retired Admiral James Watkins, says he 
and his deputies will be working on an integrated 
national energy strategy for the United States. He 
has told Congress the plan will be ready by 
April, 1990. Watkins and his chief deputy, Henson 
Moore, have been appearing before Industry groups 
and discussing their vision for the plan. 

Watkins says he does not believe that the role at 
the Department of Energy is to plot a strict, un-
bending course for energy in the United States. 
That was tried before--and the changing nature of 
the market kept getting in the way. But he does 
believe the government needs to have an approach 
to carrying out energy policy that recognizes the 
interrelationship of energy resources and the 
relationship of energy to other elements of the 
economy and our society. We need to be able to 
fit conservation and renewable energy resources Into 
a coherent national energy program. 

And, he says, we need to be able to take to the 
Congress an energy budget that flows from an in-
tegrated set of sensible objectives rather than a 
budget that dictates outcomes which, even If 
achieved, would probably , not satisfy near and long 
term national objectives. 

Secretary Watkins says he favors a "common sense 
approach" to putting America on a more solid energy 
foundation. 

Some of the main areas of emphasis will include: 

- Greater leeway for oil companies to explore 
on federal lands 

- Tax breaks for oil drillers 

- Decontrol of natural gas prices 

- Expansion of nuclear power and pursuit of 
basic research 

Watkins has said his energy strategy will be more 
comprehensive than anything produced during the 
Reagan administration. 
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Two primary priorities were listed as: 	 Fuels 

- Restoring public confidence in the oil in-
dustry 

- Restoring the health and vitality of the 
domestic petroleum industry 

The third major policy priority is in the area of ad-
vanced technology. The focus of the government's 
petroleum program was once on the longer-term, 
highest-risk aspects of oil recovery. That may be 
beginning to change. DOE sees a need, in light of 
the impact of the drop in oil prices, to look more 
at near-term technological needs. The DOE program 
still includes the traditional methods of enhanced 
recovery--the application of heat, gases and chemi-
cals to a reservoir. But now it will also be looking 
at techniques that can find and produce oil that 
may have been bypassed by conventional tech-
nologies, and yet is sufficiently mobile to be 
produced without extraordinary advances in enhanced 
oil recovery. 

A major emphasis will be placed on Gececlences--and 
how to translate a better understanding of the 
anatomy of a reservoir into more effective petroleum 
engineering techniques. 

Deputy Secretary Henson Moore has listed the fol-
lowing key elements of DOE's strategy: 

- Protecting National Security 

- Adopting tax incentives to promote domestic 
exploration and enhanced oil recovery 

- Deregulation of natural gas prices 

- Developing export opportunities for the oil 
and gas service industry 

- Support for new technology development, par-
ticularly on moving technology from defense 
applications into the commercial marketplace 

CALIFORNIA BIENNIAL ENERGY REPORT SEES NEED 
FOR ALTERNATIVE FUELS 

The California Energy Commission (CEC) in April 
issued its 1989 Biennial Report on California's Energy 
Agenda. The report notes that as we enter the 
1990s, California is continuing to increase its de-
pendence on petroleum fuels. It is also confronted 
with new environmental challenges due, in large 
part, to the way petroleum and other fossil fuels 
are used to support the economy. The CEC says 
California's energy policies must play a major role in 
meeting these environmental challenges and reducing 
the state's dependence on petroleum fuels, if its 
economy is to remain competitive.

As the state's primary fuel, oil accounts for 53 per-
cent of California's total energy demand, with about 
three-quarters of the oil used for transportation. 
Total oil consumption Is expected to increase as the 
population grows. California's oil supplies, now 
provided equally from in-state and Alaskan produc-
tion, are expected to decline slowly over the next 
20 years, forcing the state to import increasing 
amounts of foreign oil. 

Although oil supplies today are ample, increasing 
United States imports from the Middle East during 
1986-1989 have heightened national awareness of the 
nation's increasing vulnerability to another oil crisis. 
United States oil imports, already at about 40 per-
cent, are expected to increase to more than 50 per-
cent by the mid-1990s. 

Natural gas provides for 31 percent of the state's 
energy needs. California produces about 20 percent 
of the natural gas it consumes, Importing the rest 
from the Southwestern states and Canada. 

Future use of natural gas and oil in California may 
be affected by continued oil market vulnerability, 
changing relationships between oil and gas prices, 
Increasing environmental constraints, and a shift to 
market-sensitive gas regulatory policies. 

Today, the CEC says California is better prepared to 
manage an energy shortage than it was during the 
1970s and early 1980s, based on its Energy Shortage 
Contingency Plan. This plan, which has been exten-
sively tested and recently updated, is coordinated 
with actions at the local, state, regional, and 
federal levels. 

Transportation 

The transportation sector in California uses more oil 
than the state produces, and the state's consumption 
of gasoline exceeds that of all countries except for 
the United States and the Soviet Union. 

California's transportation activity is expanding faster 
than its population, and the rate of improvements in 
vehicle fuel economy has slowed. Significant future 
growth in demand for transportation fuels is ex-
pected if present trends continue. 

Past Improvements in vehicle emissions control tech-
nologies have significantly reduced transportation 
emissions, although transportation-related pollution 
still contributes significantly to violations of ambient 
air quality standards in many urban areas of the 
state. As with fuel economy improvements, future 
growth in the number of vehicles will overcome 
these emission control gains as well. 

According to the CEC, a variety of efforts are 
needed to address the problem of continuing growth 
in transportation demand for petroleum fuels. Some 
of the strategies to address these problems include 
Improved fuel economy, alternative fuels, the use of 
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alternative modes of transportation, and changes in 
land use and work patterns.

tion of gasoline by methanol and ethanol in existing 
vehicles. 

Enviraimental Caicenis 

Stronger environmental standards will increase the 
direct costs of using fuel, in return for reducing the 
indirect health and environmental costs. In some 
cases, most notably in the South Coast Air Basin, 
the use of oil may be eliminated. Whether or not 
that point is reached, stronger environmental stan-
dards will have important and widespread effects on 
the way oil and gas are used in the California 
economy. 

Technology Development 

Strategies for jointly addressing energy and environ-
mental goals include cost-effective energy efficiency 
Improvements, clean alternative fuels, and the 
development of cleaner, more efficient technologies 
for energy production and use. Technology develop-
ment strategies oriented toward addressing fuels-
related environmental concerns are described in the 
Energy's Commission's 1988 Energy Development 
Report. The Energy Commission encourages further 
development of technologies which Improve the ef-
ficiency of fossil fuels production, refining, and use, 
or which provide alternatives to the use of fossil 
fuels. 

There are a number of alternative fuels under 
development, demonstration and commercialization 
which are cleaner burning than petroleum and can 
help address the vulnerability and environmental con-
cerns associated with petroleum production and use. 

Methanol has been used extensively in demonstrations 
W an alternative to oil-based fuels, both in 
transportation and electrical generation applications. 
The demonstrations generally produce lower emissions. 

Because methanol is likely to be almost exclusively 
produced from natural gas and will therefore com-
pete with other natural gas markets worldwide, its 
production must be as efficient as possible. Partial 
oxidation of natural gas is one technology which 
shows promise to improve production efficiency, com-
pared to steam reforming using existing technology. 
Other more efficient methanol production technologies 
under development include fluidized bed reactors and 
improved catalysts. These technologies show promise 
to improve methanol production efficiency from 
natural gas and from other synthesis gas, which may 
also be derived from biomass and municipal solid 
waste in the long term. 

Roth methanol and ethanol are being used as 
feedstocks in California for the production of 
gasoline additives which Improve the burning charac-
teristics of gasoline and extend gasoline supplies by 
substituting for part of the fuel's energy. At 
present, 50 million gallons of ethanol and 12 million 
gallons of methanol are being used annually for this 
purpose.	 Production and use of gasoline additives
are increasing, providing an avenue for the substitu-

Although hydrogen could be the most environmentally 
preferred of the alternative fuels which are being 
developed, its development and ultimate commer-
cialization will take the longest. Present technology 
development efforts are focused on reducing the 
large energy costs of hydrogen production, and 
de?eloping other primary sources for producing it. 

Much of California's transportation energy focus in 
recent years has been on developing alternative 
fuels. The Energy Commission has conducted over 
10 years of research and development work on al-
cohol fuels, both methanol and ethanol, as replace-
ments for gasoline and diesel fuel. More than 
20 million miles have been logged by state-sponsored 
methanol-fueled demonstration fleets although direct 
consumption Is still less than one-half million gallons 
annually. Major auto company participation has been 
a key program ingredient. Both Ford and Central 
Motors have plans underway for production of larger 
numbers of methanol demonstration vehicles and, ul-
timately, commercial mass production. Energy supply 
companies, Including ARCO and Chevron, are also 
cooperating	 by	 installing	 methanol	 dispensing
facilities. 

As a result of these cooperative efforts, "fuel 
flexible" vehicles (FFVs) have been developed which 
are capable of running on any mix of methanol and 
gasoline. Recent federal law allows auto companies 
who begin producing such vehicles to obtain a credit 
toward their compliance with fuel economy regula-
tions. 

The Commission Is continuing to encourage the in-
creased use of methanol fuels through a number of 
actions, including: 

- Negotiating with major auto companies to 
supply larger numbers of FFVs for expanded 
demonstration programs. General Motors 
recently agreed to deliver 2,200 of these 
vehicles to California by 1991 

- Initiating a program to place 
1,000 methanol-fueled school buses In service, 
beginning In 1990 

- Pursuing the development of additional 
heavy-duty methanol bus and truck models In 
cooperation with engine and vehicle manufac-
turers, transit districts, and trucking Interests 

- Engaging in joint efforts with major energy 
companies to expand the state's network of 
methanol fueling stations 

- Studying the costs, environmental effects, and
other aspects of methanol supply and use 
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ENERGY POLICY AND FORECASTS 

NEW Gill BASELINE PROJECTION SLIGHTS COAL 
GASIFICATION 

The Gas Research institute's (CR!) latest Baseline 
Projection of U. S. Energy Supply and Demand to 
2010 projects steady economic growth, although at 
rates less than historical norms, with energy prices 
Increasing only gradually from today's low base 
levels. Continued conservation trends moderate 
energy demand in all end-use sectors. 

With this context, the CR! Baseline Projection con-
tinues to indicate that natural gas will play a major 
role in a highly competitive energy mix well into 
the next century. However, the projection confirms 
that the major opportunities to sustain or increase 
natural gas consumption are closely related to the 
successful development of new gas utilization and 
gas supply technologies. New gas utilization tech-
nologies for applications such as cogeneration, cool-
ing, and electric generation will help to maintain 
the role of gas in serving overall United States 
energy requirements In the coming years. New 
supply technologies, particularly advanced techniques 
for production from unconventional gas resources, 
will enhance the competitive position of gas in In-
terfuel competition and assure the reliability of 
long-term supplies. Intense interfuel competition at 
the burner tip will also place increasing emphasis 
upon technologies to improve the efficiency of gas 
transportation and distribution. 

The summary results of the 1988 CR1 Baseline 
Projection are shown in Table 1.

Total primary energy consumption is expected to 
grow at an average annual rate of 1.0 percent, or 
less than half the rate of GNP growth, and increase 
from 1987 base-year levels of 79.3 quads to 
99.8 quads by the year 2010. The energy intensity 
of the economy, therefore, is declining throughout 
the projection, reflecting continued efficiencies of 
energy utilization and continued economic restructur-
ing away from energy-intensive activity. 

The projected overall balance among the primary 
energy sources and ultimate energy services is ra-
tional and achievable based upon current policies and 
projected economic trends. However, given the ex-
isting energy supply and demand infrastructure, if 
new restrictions were imposed on the use or 
availability of any of the major energy sources, it 
would be difficult to substitute alternative energy 
supplies. Such a disruption could lead to energy 
shortages and rapidly rising energy prices. 

Primary natural gas consumption is projected to grow 
at an average annual rate of 0.4 percent, from 
17.5 quads in 1987 to 19.0 quads by 2010. While 
this represents a stable market outlook, it involves 
shifts between diminishing traditional uses in the in-
dustrial and residential sectors and increasing re-
quirements in the electric utility and commercial 
sectors. 

This projection includes no estimate of potential 
demand for natural gas to serve new environmental 
functions, such as power plant emission control, 
waste incineration, or large-scale transportation use. 

TABLE 1 

1988 GUI BASELINE PMrIG4 OF U.S. 
PRIRT DIT UW4.EPTIG4

(Quads) 

Actual 
1987 1995 2000 2010 

Petroleum 32.9 35.3 37.4 38.9 
Gaza 17.5 18.3 18.6 19.0 

(Total Gas 
Fuels) (17.6) (18.6) (18.9) (19.4) 

Coal 18.0 19.3 20.9 26.2 
Nuclear 4.9 6.5 6.7 6.5 
Hydro 3.0 3.5 3.5 3.6 
Renewables 3.0 3.6 4.3 5.6 

Total 79.3 86,5 91.4 99.8

aExeludes synthetic gas from petroleum and coal 
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Primary petroleum consumption grows from 32.9 quads 
In 1987 to 38.9 quads by 2010. The refiner acquisi-
tion cost of crude oil assumes rough stability at 
about the current price level until after 1990, a 
tightening market with real price escalation begin-
ning in the 1990s, and increasing escalation after 
2000 as Middle East sources again dominate supply. 
United States refiner acquisition costs in current 
dollars ($1987) reach about $27 per barrel in 2000 
and $42 per barrel in 2010. 

At these prices, United States petroleum consumption 
is projected to increase at a rate slightly below 
that of total energy demand. Although about half 
of the increase occurs in transportation uses, demand 
growth is substantial in industrial uses, particularly 
feedstocks. Increased use by electric utilities In 
existing oil-burning facilities and new peaking units 
is also expected. 

Coal consumption is projected to grow at 1.7 per-
cent annually, much more rapidly than overall energy 
demand. Coal consumption grows from 18.0 quads in 
1987 to a projected 26.2 quads in 2010. The 
predominant increase in coal use, of course, is in 
the generation of electricity, and reflects a 
projected rate of growth in the requirement for 
centrally generated electricity of 1.6 percent per 
year or at 70 percent of the rate of growth In 
GNP.	 This increase in electricity demand is below
that shown in many contemporary projections. 

The near-term projection reflects the current public 
opinion of constraints on nuclear power plants and 
assumes only the completion of the nuclear construc-
tion program begun in the 1960s and the continued 
operation of those plants that have not been af-
fected by policy restrictions. After 1990 nuclear 
energy remains at roughly 6.5 quads through 2010.

Nuclear generating capacity is projected to peak at 
102.6 glgawatts in 1994. By 2010, after retirement 
of some older nuclear facilities, the projection In-
cludes 97 gigawatts of nuclear generating capacity. 

The outlook for renewable energy consumption (hydro 
and renewables) is impacted adversely by the softer 
near-term energy prices. As a result, renewable 
consumption remains relatively level at approximately 
6.0 quads through 1990.	 With increasing energy
prices after 1990, investment In renewable energy is 
projected to increase, growing to 9.2	 quads by 
2010. 

Natural Gas 

The Gill Baseline Projection indicates that United 
States gas consumption will grow to 18.6 quads by 
1995. If supply Is available at competitive prices, 
gas consumption will continue to grow, reaching al-
most 20 quads by 2010. The principal sources of 
this growth are increased gas consumption In the 
commercial and electric utility sectors. 

Table 2 summarizes the outlook for United States 
gas supply in the Gill Baseline Projection. The 
general supply categories are United States produc-
tion, imports,	 and supplements. 	 United States
natural gas production Includes production from both 
Alaska and the lower 48 states. Imports include 
both pipeline and LNG imports. Supplements include 
coal gasification and other sources (e.g., substitute 
natural gas (SNG) from petroleum, propane-air). 

Table 2 shows that United States gas supply grows 
steadily throughout the projection period. United 
States gas production remains essentially constant at 
around 17 quads. 	 Gas imports grow substantially, 
accounting for almost all of the growth in United 

TABLE 2 

U.S. GAS SUPPLY--1988 GRI
BASELINE PlWJFIG4

(Quads) 

Source 1987 1995 2000 2010 

U.S. Natural Gas 
Production 16.9 16.9 17.0 16.8 

Laver-48 States (16.6) (16.6) (16.7) (15.2) 
Alaska (0.3) (0.3) (0.3) (1.6) 
Gas Laporte 1.0 1.8 2.0 2.6 
Pipeline (1.0) (1.6) (1.6) (1.8) 
LNG (0.0) (0.2) (0.4) (0.8) 
Supplemats 0.2 0.3 0.3 0.4 
Coal Gasification (0.1) (0.1) (0.1) (0.2) 
Others (0.1)! (0.2) (0.2) (0.2) 

Total 18.1 19.0 19.3 19.8

alncludes net gas supply from storage 
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States gas supply.	 The growth in supplements is 
quite modest. 

United States natural gas production remains stable 
through the year 2000 because of the incremental 
production projected to come from advanced tech-
nologies. After 2000, the United States production 
Is stabilized by a combination of continued increases 
in incremental lower 48 production using advanced 
technologies and the beginning of deliveries of North 
Slope gas to the lower 48 gas market in 2007. 

Gas imports row substantially through 1995, due 
mostly to increased pipeline imports. 	 LNG imports 
also resume during this period. Pipeline imports 
show little growth after 1995. Most of the growth 
in imports after 1995 is due to increased LNG im-
ports using existing terminals. By 2010, LNG imports 
are at the capacity of existing LNG terminals. 

Supplemental supplies play a minor role in the over-
all United States gas supply picture. Gas supplies 
from coal gasification plants are not expected to in-
crease until after the year 2000. 

The gas price outlook in the Gill Baseline Projection 
is determined only for gas purchases for the 
lower 48 gas market. 

The gas price trends developed in the baseline 
projection represent the long-term trends in United 
States gas prices. However, current prices are 
depressed below even what the current low oil 
prices would imply due to the effects of the "gas 
bubble." As the "gas bubble" dissipates, gas prices 
should return to a level more consistent with the 
long-term replacement costs for gas and competitive 
energy prices. 

While GRI analysis indicates that the 1995 gas price 
should represent the long-term trends in gas prices, 
the particular path that gas prices will follow in 
the transition from the "gas bubble" to the long-
term trends between 1987 and 1995 will depend upon 
near-term factors, such as economic cycles and 
weather, that are not included in the baseline 
projection. 

The baseline projection, assumes that decontrolled 
gas prices return to within $1.00 per million Of) 
($1987) of oil prices by 1990. Table 3 summarizes 
the average lower 48 gas prices projected. 

Table 3 shows that the purchase price of lower 48 
gas production recovers quite steeply from its low 
1987 level. This sharp growth is a combination of 
three factors: a decline in the share of low-priced 
old gas subject to price controls, a closing of gas 
prices on oil prices due to external market forces, 
and increasing prices for decontrolled gas as a 
result of increasing resource costs. Less than half 
of the increase in gas prices between 1987 and 1995 
represents increased resource costs. 

Between 1995 and 2000, gas prices grow 4.1 percent 
per year.	 The principal driving factors for this

growth are the almost complete disappearance of 
low-priced gas subject to price controls and in-
creased factor costs driven by external factors, such 
as oil prices and increased drilling activity. As in 
the period 1987-1995, less than hair of the growth 
In gas prices can be attributed to increased resource 
costs due to resource depletion. 

TABLE 3 

AVERAGE GAS AflSlTl(W PRICES FOR U.S. GAS 
PIflNJCTIG4: LOWER-48 PURCHASES 

(1987$/ItABTU) 

Lower-48	 Alaska 
Produc-	 Produc-
tion	 tion	 Average 

1987 1.67 -	 1.67 
1995 2.86 -	 2.86 
2000 3.54 -	 3.54 
2005 4.75 -	 4.75 
2010 6.05 6.16	 6.06

Between 2000 and 2010, gas prices grow an average 
of 5.5 percent per year. Most of this growth is 
driven by increased resource costs due to resource 
depletion. 

On a long-term basis, the Gill Baseline Projection in-
dicates that adequate gas supplies can be obtained 
to meet the projected United States gas demand 
levels. The gas Industry, however, cannot rely 
solely on existing supply sources produced under cur-
rent practices to maintain an adequate level of 
supply. New initiatives must be undertaken to ob-
tain incremental gas supplies to meet projected 
United States gas demand. 

Current sources include United States natural gas 
production using base technology (i.e., current and 
evolutionary practices), imports from currently 
producing areas in Canada, LNG imports using exist-
ing terminals, and supplemental sources such as SNG 
from petroleum and the Great Plains coal gasification 
plant.	 New initiatives involve the development of 
new exploration and production technologies, large 
investments in new capital projects, Or major 
changes in government policy. Supply sources arising 
from new initiatives include incremental lower 48 
production from unconventional gas resources using 
advanced technology, deliveries of Alaskan gas to 
the lower 48 states, imports from the Canadian 
frontier regions and Mexico, and possible new coal 
gasification plants. 
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TRANSPORTATION RESEARCH BOARD LOOKS AT 
TRANSPORTATION IN 2020 

By the year 2020, a growing population of minorities 
and older people and changing Lifestyles will lead to 
new traffic patterns, Increased traffic congestion, 
and most likely, an increase In accident rates not 
only in United States cities, but also in the suburbs. 
Notable among these changes will be a reverse com-
muting pattern in which a growing population of 
minorities living In the inner city travel to jobs in 
the suburbs. Increasing the use of public transit, 
developing alternate expressways, or even encourag-
ing working at home may provide some relief, but 
because nearly all work trips are by car and will 
continue to be, the automobile "will most certainly 
be the predominant form of transportation in 2020." 

These are among the conclusions reached in a new 
National Research Council report on long-range 
trends for the nation's highways and public transit 
systems. The book Is based on the proceedings of a 
conference hosted In 1988 by the Research Council's 
Transportation Research Board. The report is a 
compilation of papers presented at the conference, 
as well as commentary and summaries. 

Besides the effects of demographic changes, the 
report discusses other trends that will affect 
transportation plans Into the year 2020, including the 
development and availability of technology advances, 
the globalization of the United States economy, and 
environmental and energy concerns. 

With the focus on automobiles In the future, the In-
creasing cost of traffic congestion and accidents will 
make "complex and expensive countermeasures become 
more realistic." Such technological countermeasures 
include self-navigating systems such as Automated 
Vehicle Control (Ay e), a system that replaces a 
number of driver functions with sophisticated 
monitoring and control devices. Researchers are also 
developing electronic visual and voice systems that 
warn against possible collisions or direct the driver 
to a less-congested highway, and controls that In-
form drivers of the local environment, weather and 
speed. 

However, most changes to automobiles and other sur-
face transportation In the future will be less visible 
ones, such as reduced vehicle weight, different en-
gines that accommodate air quality regulations, and 
Improved propulsion. 

Overall, the conference participants emphasized that 
planning for the future of transportation will be 
handled by the states and localities as constraints 
on federal budgets increase. "The federal govern-
ment Is backing away from financing transportation, 
and state governments are not picking up the slack," 
commented the	 director	 of	 the	 Metropolitan 
Transportation Commission. "the result Is a 
proliferation of local units of government," he 
stated.

Energy and Enviruiment 

A growing challenge to transportation is posed by 
increasing petroleum costs and decreasing security of 
oil supplies. The United States transportation sector 
is nearly totally dependent on petroleum today, and 
the existing capability for use of alternative energy 
sources is negligible. The challenge can be met, 
however, without serious changes in the nature of 
the transportation system by a combination of 
dramatically Increased energy efficiency and the 
beginning of a transition to alternative fuels. it is 
possible that before 2020, air quality Improvement 
and other concerns will motivate the transition to 
alternative fuels. Government policy will be impor-
tant with respect to both automobile and light-truck 
fuel efficiency and the conditions under which alter-
native and petroleum-based fuels compete in the 
market. 

Development Patterns 

The nation is emerging from a period of rapid 
population growth and entering a period of much 
slower growth. 

Personal vehicle travel is expected to grow 1.3 to 
1.7 percent annually between 1988 and 2020. 

Within urbanized areas, the classical concentric pat-
tern of both residences and work places is changing 
to a sprawling low-density arrangement that contains 
a number of local work-place clusters but even more 
unclustered employment. More urban roadways are 
becoming congested each year, and a larger propor-
tion of urban travel is taking place under congested 
conditions. 

The shift of jobs to the suburbs has had an equi-
librating effect to keep average commuting time 
amazingly constant at about 30 minutes for decades. 
However, there Is not likely to be much more 
capacity for growth in suburb-to-suburb travel 
before volumes on these roads render travel speeds 
as slow as those for other types of travel. 

The automobile will almost certainly be the 
predominant form of transportation In 2020. The 
private consumer has shown great willingness to pay 
for personal mobility. 

New Technology 

Because the computer-control revolution is just 
beginning, one can only guess at its effects, but the 
pace of such change will quicken. Industrial plants 
can be much smaller. Factories can be located 
wherever there is good transportation, even in places 
that are not yet cities. Freight movements will be 
diverse and time-sensitive. Although these changes 
appear to favor trucking, new technology, such as 
the "carless piggyback" or Road Railer, and logistics 
control systems will help the railroads to compete. 
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It is unlikely that many more expressways will be 
built to reduce congestion. There will be a trend 
toward working at home, that transportation will not 
be affected significantly by this trend in the near 
future.	 Half-width vehicles have been developed
that could Increase the throughput on existing high-
ways, and electronic guidance systems will help 
drivers locate new destinations. In the discussion of 
automatic vehicle control (AVC) and similar vehicle 
guidance systems, It was concluded that obstacles to 
their development are more Institutional than tech-
nological. Improved traffic signal systems have been 
developed to increase speed of traffic flow and 
reduce the time and fuel involved in travel. 

Improvements in vehicle technology are also an-
ticipated. Fuel economy gains will continue and new 
materials that reduce the weight of the car may be 
used, although this could Increase the price of the 
car by more than the savings is fuel costs. 
However, the cost of these materials will decrease 
with time and experience, and new materials will be 
widely used by 2020. 

The internal combustion engine is approaching 
theoretical propulsion efficiency limits, and it will 
be difficult to obtain further improvements. 

NEW aa LONG-TERM FORECAST LOWERS EXPECTED 
PRICES FOR OIL 

The Energy Information Agency's (EM) 1989 Annual 
Energy Outlook (AEO) shows that Elks world oil 
price projection for the year 2000 has been lowered 
from last year's forecast of $32 per barrel to 
$28 per barrel (1988 dollars). While the aggregate 
supply and demand projections were little changed, 
the lower oil price estimate is explained In terms of 
a shift in UA's evaluation of world petroleum 
production potential. Similar to earlier forecasts, 
the AEO 1989 expects an eventual decline in produc-
tion by non-OPEC countries (including the Alaskan 
North Slope and the United Kingdom sector of the 
North Sea). In light of receat events, the current 
forecast projects that the non-OPEC decline will oc-
cur more gradually than assumed last year. In ef-
fect, AEO 1989 projects a smaller OPEC market share 
in the year 2000 and reflects a slightly more com-
petitive world market. Due to the lower world 
prices projection, AEO 1989 also estimates lower 
prices for key petroleum products, compared to last 
year's forecast. 

The natural gas wellhead price of about $3.90 per 
thousand cubic feet for the year 2000 in the AEO 
1989 is lower than the price of $4.15 per thousand 
cubic feet forecast last year. The lower wellhead 
prices reflects the lower world oil price projection 
as well as a more recent assessment of gas market 
supply potential. Similar to earlier EIA forecasts, 
AEO 1989 expects the move toward more competitive 
gas markets to continue throughout the forecast 
period in the form of increased contract flexibility

and a willingness to switch to alternative,	 price-
competitive fuels. In the AEO 1989, however, the 
natural gas price forecast both begins at a lower 
level and Increases less rapidly. 

The current forecast Is characterized by significant 
changes to the price of natural gas to each sector, 
reflecting a lower wellhead price estimate. Com-
pared to last year's AEO, the current forecast as-
tirnntes more electricity generation from natural gas 
and less generation from oil. The projection for 
coal-fired generation remains even with last year's 
estimate; however, the delivered price of coal has 
declined over five dollars per short ton in response 
to the lower oil and natural gas prices. 

Finally, projected electricity prices In AEO 1989 are 
almost unchanged from those in last years AEO. 

Summary 

The United States consumed more energy during 1988 
than in any previous year in its history; and United 
States demand for petroleum hovered at about 
17 million barrels per day--the highest point since 
1980. However, the past year also showed that a 
strong underlying trend toward greater energy ef-
ficiency Is continuing--and that competition for oil 
from other energy sources (except in the transporta-
tion sector) remains a persistent natural curb on 
petroleum use. 

United States consumption of energy in all forms in-
creased from 76.8 quadrillion British thermal units 
(quads) during 1987 to an estimated 79.4 quads in 
1988. However, this took place in the context of 
continuing low oil prices, and economic boom, and 
unusual extremes in temperature that pushed up 
energy use in both cold and hot weather. Consider-
ing those circumstances, the rise was modest. 

Nevertheless, If real gross national product (GNP) 
grows at an average of 2.5 percent annually 
(actually, a slower pace than the Nation has set 
since 1970) while average crude oil prices increase 
only gradually to the equivalent of $28 per barrel 
by the end of the century, the AEO "base case" 
calculations suggest that the Nation will be using 
over 90 quads by the year 2000. Under these as-
sumptions, a decline in United States domestic oil 
production will force importation of more than half 
the petroleum used as soon as 1994. 

Erratic variations in price might be anticipated for 
several years, while OPEC tries once again to con-
trol the combined output of member-countries with 
dissimilar interests.	 Furthermore, non-OPEC oil 
production is still growing--slowly. By 2000, 
however, fundamental forces of supply and demand 
should raise prices (absent any dramatic technological 
changes), as rising consumption drains off excess 
capacity and the geographical concentration of 
reserves restores OPEC's power in the market. 

Low prices over the past couple of years have 
caused only moderate increases in United States 
demand of energy. With an adjustment for abnormal 
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weather in 1988, the ratio of energy use to GNP 
dropped another 1.4 percent. A steady underlying 
decline in this ratio is based in part on more effi-
cient technology and partly on changes in the United 
States industrial product mix. 

United States oil imports have gone up by 50 per-
cent since 1985--nearly an additional two million 
barrels per day. Yet the Free World as a whole 
now depends on OPEC production to satisfy only a 
bit more than 40 percent of its total demand (versus 
almost 70 percent in the 1970s); and this is a criti-
cal gauge in a global market. The OPEC worldwide 
share is headed back above 50 percent for the late 
1990s; but the growing strategic petroleum stocks in 
the United States, Japan, and the Federal Republic 
of Germany are now capable of supplying more than 
five million barrels per day for several months in an 
emergency. 

(IMP increased by about four percent during 1988, 
resulting in growth of domestic oil consumption at 
about half that rate. Most of the projected future 
increase Is for industrial and farm diesel and jet 
fuel, but not for gasoline (thanks to increasing auto 
fuel efficiency). United States offshore oil produc-
tion Is expected to hold steady, yet overall output 
is seen falling from 8.2 million barrels per day in 
1988 to 5.9 million barrels per day by the end of 
the century. 

A recent turnaround in United States demand for 
natural gas has resulted in growing domestic produc-
tion; and its use could expand by between 10 and 
15 percent before 2000--to exceed 20 trillion cubic 
feet per year once again. Competition within the 
industry is being stepped up, and the thief market 
for added use of the fuel lies in generation of 
electricity. Net imports (mostly from Canada) would 
have to double during the 12-year period--with 
perhaps 0.3 trillion cubic feet entering each year by 
then in the form of liquefied natural gas--to meet 
peak demand during the heating season. 

Despite Increasing efficiency in	 the use	 of
electricity, its sales are projected in the AEO base 
case to rise a little more rapidly than GNP. In 
fact, electric power purchases by industry (especially 
for primary metals, chemicals, metal fabrication, and 
paper) would rise by a yearly average of 3.2 per-
cent. With no newly ordered nuclear plants being 
counted on by 2000, fossil fuel plants must continue 
to provide most of the Nation's generating capacity. 
New construction of gas-fired combined-cycle plants 
after 1995 is expected to be especially significant. 

Wind Oil Meet; 

Overall energy use in the United States increased by 
about 3.4 percent during 1988, the second year in a 
row for such growth. Nevertheless, United States 
energy prices continued to decline throughout 1988. 
With the demand-pressures of a strong economy (four 
percent growth in real GNP) and of weather condi-
tions that pushed parts of the natural gas and 
electricity	 generation -and-distribution 	 systems to
their maximum capacities, the decline In prices was

clearly not caused by domestic market forces. 
Rather, this year's price declines were based on low 
prices in the international market for oil. 

Imported oil prices, having recovered to more than 
$19 per barrel in July 1987 from a low of $tl a 
barrel the year before that, slid back down to 
around $14 by October 1988. On average, oil prices 
during the year were nearly 20 percent lower than 
in 1987. 

Petroleum remains by far the largest single source 
of energy in the United States--again satisfying 
more than 40 percent of the Nation's total demand 
during 1988. The fuel Is substitutable in some de-
gree for every other energy source, so the United 
States outlook for both production and consumption 
of energy across the board depends on what price 
oil will bring in the future. 

Oil prices are influenced by a number of economic, 
technological, and political factors that may Interact 
In unexpected ways. Because the Annual Energy 
Outlook is a projection rather than a series of out-
right predictions, It has customarily constructed a 
"base case" within a range of courses that EIA con-
siders most likely at present. Figure 1 shows this 
range for average crude oil prices, expressed in real 
1988 dollars per barrel delivered to United States 
refiners.

FIGURE 1 

ALTERNATIVE ASSUMPTIONS FOR 
WORLD OIL PRICES, 1979 — 2000 
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In the base case, prices remain below $20 per barrel 
until 1995 and then rise to $28 per barrel by the 
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year 2000. This trajectory is somewhat lower than 
the one used in the previous AEO, which reached 
$32 per barrel. 

Oil Supply Vulnerability 

United States petroleum consumption was estimated 
at 17 million barrels per day for 1988. It is 
projected in the base ease to rise to about 
18.6 million barrels per day for the year 2000. By 
that time, domestic petroleum production Is projected 
to be more than two million barrels per day lower 
than it is now. As a result, net imports of 
petroleum are expected to rise steadily--from about 
0.3 million barrels per day in 1988 to about 
10.2 million barrels per day in the year 2000. 

In the base case, United States dependency on Im-
ported oil thus rises from about 37 percent today to 
55 percent over a 12-year period. In the higher 
and lower price cases, import dependency by 2000 
ranges between 48 and 80 percent. 

United States oil imports have already moved up to 
a level that Is 50 percent above what it was just 
three yearn ago. Thus, it Is appropriate to ask just 
how vulnerable the United States is becoming to fu-
ture supply disruptions. Unfortunately, EIA says 
there Is no clear and simple answer. 

Although United States imports have risen quickly, 
the Nation's vulnerability has not increased nearly as 
much. Two primary factors are responsible for this: 
(a) the existence of a unified, competitive global 
market, and (b) growth in various national stockpiles 
of petroleum. 

In an essentially free market, international changes 
in price and supply cannot easily be isolated to a 
single country. The dependence on Middle East oil 
of the Free World overall is a more meaningful In-
dicator of potential vulnerability than United States 
dependence on oil imports generally--or even the 
country's dependence on OPEC all alone. in fact, 
OPEC's share of the entire Free World market has 
also been rising recently; but even in this year's 
projections through the year 2000 it promises to 
stay well below the record high of about 68 percent 
that it reached in 1974. 

Given the present excess in production capacity 
around the world, a new disruption would have to 
be very severe in order to make a major impact. 

Gas Prices 

Demand for natural gas should continue to grow 
after 1988, and production, imports, and prices for 
this fuel will keep pace as well. 

The average national wellhead price for gas (in 
1988 dollars) is projected to increase from $1.62 per 
thousand cubic feet in 1988 to over $3.90 by 2000 
(Figure 2). Comparable, although slightly smaller in-
creases are expected for each of the major consum-
ing sectors, as the unit cost of transporting and 
distributing gas is projected to decline somewhat.

On the high end, the average price of gas to 
residential users is forecast to increase from 
$5.50 per thousand cubic feet In 1988 to $7.70 in 
2000. At the low end, electric utility gas prices 
grow from $2.25 per thousand cubic feet In 1988 to 
about $4.30. The growing importance of the utility 
sector over the forecast period means the average 
price of gas to all sectors increases by less than 
$1.90 per thousand cubic feet, to about $5.70--an 
increase that is four-fifths of the forecast Increase 
In average wellhead prices. 

FIGURE 2 

DELIVERED PRICES FOR OIL AND 
NATURAL GAS, 1970 - 2000 
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Over the long-term forecast horizon, growth in 
United States consumption of natural gas will exceed 
growth In domestic production by nearly one trillion 
cubic feet, based on the gas prices discussed here. 
It is assumed in this forecast that most of this dif-
ference will be made up from increased net gas Im-
ports. Net imports are projected to grow from 
1.15 trillion cubic feet in 1988 to about 2.3 in 
2000. Most of these additional supplies will come 
as pipeline gas from Canada, although 0.3 trillion 
feet annually is assumed to come in the form of li-
quefied natural gas (LNG) imports, mainly to meet 
winter peaking requirements. 

Electricity Markets 

The electric utility sector relies on long-term plan-
ning In meeting its commitment to provide reliable 
service to the public. However, electricity markets 
are currently experiencing changes that challenge the 
planning process. The rate of growth in electricity 
sales seems to be increasing, after a lull in the 
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early 1980s that left some of the Nation's utilities 
burdened with excess generating capability. At the 
same time, recent weather extremes have strained 
peak load capabilities in parts of the country for 
the past two summers. 

The major part of the utility construction program 
of the 1970s is now in place and included In the 
rate base. Demand has picked up recently due to 
the weather and robust economic growth (and a con-
sequent growth In housing, office construction, 
manufacturing activity, and a continued consumer 
preference for electric appliances). As a result, the 
requirement for further new construction Is expected 
to grow, despite the current excess capacity. 

However, some utilities have not been able to 
recover the costs of constructing new generating 
units that have been completed or are in various 
stages of completion (or even abandoned for 
economic reasons). 	 Incomplete nuclear generating 
plants are the most notable example. State public 
utility commissions may not allow all these costs to 
be recovered through increases In the current rate 
base. Those utilities with currently unrecoverable 
costs related to plant construction provide clear 
evidence of the dangers of relying on overly op-
timistic expectations of electricity growth in plan-
ning large investments In an uncertain regulatory en-
vironment. 

Many utilities are planning for conservative levels of 
demand growth and are being prudent in their choice 
of generating capacity investments. In the past 
10 to 15 years, a typical utility investment for 
baseload power was for a large (500-1,000 megawatt) 
coal-fired generating unit. Currently, a plant of 
this size would cost over one billion dollars and 
take eight to twelve years to complete. Given the 
potential financial risks of adding large new plants 
for generating electricity, the Industry as a whole Is 
now more likely to manage electricity supplies in 
the future via smaller incremental investments In 
supply capability (Figure 3) or via incentives for 
demand reductions. 

Supply options will Include, In addition to construc-
tion of more of the mainstay coal-fired steam units: 

- Investment In turbines and newer, more effi-
cient technologies such as combined-cycle 
units, which are both smaller and less capital 
intensive than the traditional coal-fired 
plants 

- Efforts to extend the operating lifetimes of 
existing capacity through planned life-
extension programs On some instances, invest-
ments to delay plant retirements may be 
more cost effective than building new 
capacity) 

- Increased reliance on electricity supplied by 
nonutility generators, as facilitated by the 
Public Utility Regulatory Policies Act (PURPA) 

- Increased electricity imports from Canada

ADDITIONS	
FIGURE 3 
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During the 1960s, sales of electricity grew on 
average at about 7.4 percent per year. In the 
1970s, this growth slowed to 4.5 percent per year, 
and between 1980 and 1986 fell even further, to an 
annual rate of 1.9 percent. The electricity growth 
of the 1960s was based largely on the increased use 
of appliances (particularly, air conditioners) in the 
residential and commercial sectors, where growth was 
higher than the national average.	 In the 1970s,
growth In the residential and commercial sectors was 
still above the average, but it was slowing. The 
large drop In total electricity demand growth be-
tween 1980 and 1986 was due primarily to a decline 
in sales to the Industrial sector. Industrial con-
sumption slowed during this period because of con-
servation and the relatively poor performance of 
certain large, energy-intensive industries. 

Since 1986, electricity demand growth appears to 
have picked up again. This is due to a combination 
of forces. In addition to two successive summers of 
record heat, electricity demand has been increasingly 
responsive to the economy and the weather. 	 The 
large electricity-Intensive Industries (chemicals, 
primary metals, metal fabrication, and paper) have 
enjoyed an export boom that is projected to con-
tinue, - albeit more moderately, throughout the 
forecast period. There Is also evidence that demand 
for electricity In the residential and commercial see-
tors has been particularly sensitive to temperature 
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changes in the past several years, which suggests 
that the use of electric air conditioning and heating 
Is increasingly prevalent--both signs of a prosperous 
economy and consumer Investment. 

As a result of the high electricity demand of the 
last two years, this year's forecast has been raised 
slightly. Between 1988 and 2000, electricity sales 
are projected to increase by about 2.6 percent per 
year, driven by a growth rate of 3.2 percent per 
year in the Industrial sector and 2.7 percent in the 
commercial sector. 

With demand for electricity growing throughout the 
forecast period and most currently announced plans 
for new generating capability coming on line by the 
raid- 1990s, additional needed capacity will rise 
sharply through the remainder of the century 
(Figure 3). It is projected that combined-cycle and 
coal steam capability additions beyond currently an-
nounced plans will need to begin operation by 1996. 

Electricity produced by combined-cycle generating 
units should begin to make a significant contribution 
to the Nation's power supply, especially after 1995. 
The 1987 amendment to the Powerplant and Industrial 
Fuel Use Act of 1978, eased restrictions on gas use, 
removing an important legal impediment to the con-
struction of new gas-fired generating capability. 
Combined-cycle units, which can be built in smaller 
capacity Increments than traditional large-scale 
baseload facilities, will burn natural gas. If natural 
gas prices rise to the point that coal gasification 
becomes an economically viable technology, these 
plants can be converted to take advantage of it by 
adding coal gasifiers. However, this is not expected 
to occur before 2000. By the year 2000, the total 
capability of combined-cycle units at utilities should 
be about 45 gigawatts, compared with only seven 
gigawatts in 1995. 

FEDERAL RESERVE BANE PREDICTS HIGH Oil. PRICKS 
BY 2000 

The Federal Reserve Bank of Dallas, Texas, In its 
"Economic Review" says that despite excess capacity 
in OPEC, current oil prices are too low to be sus-
tained through the 1990s. Surprisingly, a forecast 
of renewed OPEC solidarity has little to do with this 
outlook. Rather, increasing demand will gradually 
push OPEC to full capacity and prices to higher 
levels during the next decade. 

In fact, says the Bank, OPEC is only part of the 
explanation for falling oil prices during the 1980s. 
Though OPEC has dominated the news about the sub-
ject, fallIng oil demand better explains the more 
than 70 percent decline in inflation-adjusted oil 
prices from early 1981 to late 1988. Over much of 
the 1980s, world oil consumption declined. Only a 
decrease in demand--not a change in supply 
conditions--can explain both lower prices and lower 
consumption.

The simplest explanation for the decrease in demand 
is what might be called "non-price conservation"--
that Is, technological change that shifted demand 
inward independently of the influence of prices. But 
this simple explanation is not supported by the 
facts. In a recent econometric analysis of United 
States oil demand, the Dank found no evidence of 
non-price conservation. 

Instead, it found that a slow adjustment process, en-
couraged by OPEC, shifted oil demand inward during 
the 1980s--despite world economic expansion. During 
the 1990s, a reversal of that adjustment process will 
work with world economic expansion to boost oil 
demand. A forecast of rising demand and prices in 
the 1990s rests on an understanding of the adjust-
ment process. 

Oil Demand and Prices in the 19809 

Oil demand in the late 1980s contrasts sharply with 
that in the beginning of the decade. In the first 
quarter of 1981, world oil consumption was about 
56 million barrels per day and the price of oil was 
$48.64 per barrel.	 (All prices cited are the com-



posite refiner acquisition cost for crude oil in 1988 
dollars per barrel). In the first quarter of 1988, 
world oil consumption was again about 56 million 
barrels per day. Yet the price of oil had dropped 
to $15.47 per barrel despite worldwide economic ex-
pansion.	 A series of events contributed to this
development. 

The Iranian revolution and the onset of the Iran-Iraq 
war reduced world oil production between 1979 and 
1981, pushing prices up. Because short-run oil 
demand is very Inelastic, the reduction in supply 
pushed prices sharply higher. 

The oil consumption and price combination that 
prevailed in the first quarter of 1981 could not be 
sustained in the long run. In the absence of 
economic growth, a sustained price of $48.64 per 
barrel would have eventually reduced United States 
oil consumption, for example, by about 40 percent--
from 16.5 to 10.2 million barrels per thy. On the 
other hand, for United States consumers to continue 
to absorb 16.5 million barrels per thy without 
economic growth eventually would have required an 
estimated price of only $20.61 per barrel. 

It is estimated that United States consumers require 
nearly a decade to adjust fully to changes In oil 
prices. Oil consumption responds slowly to price 
changes because substantial changes in the ratio of 
oil consumption to output require new capital invest-
ment. 

As short-run demand adjusted to prices during the 
198089 the market price and quantity of oil con-
sumed were pushed down.	 Non-OPEC oil producers
added to the downward pressure on price as their 
production increased. Beginning in 1981, however, 
OPEC moderated downward pressure on prices by 
reducing its own production. 
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Nonetheless, short-run demand continued to decline 
and non-OPEC oil production continued to rise. 
OPEC's continued attempts to support prices reduced 
its production to about 14 million barrels per day by 
mid-1985, less than 50 percent of its total capacity. 

OPEC's attempts to support prices ended In a well-
publicized failure. Excess capacity and the Incentive 
for OPEC members to cheat on quotas led to a 
surge in OPEC production. With demand being very 
Inelastic In the short run, that surge in production 
caused a price break In late 1985 and early 1986. 
Thereafter, OPEC was unable to restrain its produc-
tion sufficiently to drive prices back up to earlier 
levels. 

Given the evidence that consumption responds sym-
metrically to rising and falling oil prices, the cur-
rent price and quantity combination Is too low to be 
sustained In the long run. Even In the absence of 
economic growth, the first quarter price of 
$15.47 per barrel would eventually increase United 
States oil consumption, for example, by an estimated 
35 percent--from 17 to 23 million barrels per day. 
On the other hand, for United States consumption to 
remain at 17 million barrels per day in the long 
run, prices must rise to an estimated $26.63, even 
without economic growth. 

Oil Demand and Pd	 In the 1990s 

In the 1990s, short-run demand can be expected to 
rise from the unsustainable combination of oil con-
sumption and price that characterizes the late 1980s. 
Adjustment will be slow. Nevertheless, together with 
a growing world economy, the adjustment will con-
tribute to strong growth in all demand during the 
19903. 

Using the estimated coefficients from a model of 
United States oil demand, the Bank constructed 
21 scenarios for United States oil consumption under 
a variety of assumptions about oil prices and gross 
national product (GNP) growth. They examined the 
effects of oil prices from $10 to $40 per barrel and 
of real-GNP growth from two to three percent an-
nually. The scenarios show relatively little evidence 
of consumption growth through 1989. Much stronger 
consumption growth is projected In the early 1990s 
than In previous years, as demand shifts outward. 
For the 1990s, the Bank projects potential growth 
rates of United States oil consumption ranging from 
a low of 2.1 percent to 9.5 percent annually (See 
Table 1). 

If other countries behave similarly to the United 
States, many of the consumption projections will 
prove too high to be sustained throughout the 1990s; 
oil consumption cannot rise above world capacity to 
produce oil. And little capacity is likely to be 
added with the low oil prices that will bring about 
rapid growth in oil consumption. Clearly, some of 
the prices used to project oil consumption In the 
1990s are too low to survive the decade. 

Previous studies have shown that, as OPEC Is pushed 
to Lull capacity, oil prices rise. Because nearly all

excess capacity to produce oil is in OPEC, "pushing 
OPEC to full capacity" means "pushing world oil 
production to full capacity." To assess what oil 
prices might prevail by the end of the century, It 
was assumed that world oil consumption will grow at 
the same rate as United States consumption. Given 
this assumption, world oil production will be pushed 
to full capacity when United States oil consumption 
rises to 20.4 million barrels per day. 

TABLE 1 

PROJECTED GRWIH RATE OF U.S. OIL
(XMSUMPTIG4 IMJRIIC TIME 1990s

(Annual Average Percent) 

Annual GNP Growth Rate 
Price-	 2.0%	 2.5%	 3.096 

$10	 8.3	 8.9	 9.5 
$15	 6.5	 7.1	 7.6 
$20	 5.2	 5.7	 6.3 
$25	 4.2	 4.7	 5.3 
$30	 3.4	 3.9	 4.5 
$35	 2.7	 3.2	 3.8 
$40	 2.1	 2.7	 3.2 

*Composite refiner acquisition cost 
for crude oil in 1988 dollars 

Under nearly all of the scenarios, the growth in oil 
consumption pushes OPEC close to full capacity be-
tween late 1992 and early 1995 (See Figure 1). At 

FIGURE 1 

• U.S. OIL CONSUMPTION 
WITH 2.5% ANNUAL GNP GROWTH 
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or	 below	 a price of	 $25 dollars	 per	 barrel,	 OPEC 
could	 reach full capacity no	 later	 than	 the	 first 
quarter	 of	 1993. By	 that year,	 a price of	 $25 per 
barrel	 could prove	 too	 low--if	 world	 oil	 capacity 
does	 not	 rise. Similarly,	 with	 world	 economic 
growth	 rates between	 two and	 three	 percent,	 oil 
prices	 will reach $30	 to $40	 per	 barrel	 by	 the 
year	 2000. 

FIGURE 1

AN INDEX OF CRUDE OIL REAL PRICE 

275 

WORLD BANK REPORT SHOWS STRONG UPTURN FOR 
OH. IN THE 19908 

A report recently prepared for the World Bank by 
the Petroleum Finance Company, Ltd. concerns the 
major factors that determine the future of crude oil 
prices. Its focus is the medium to long-term 
horizon of five to fifteen years, which is of suffi-
cient length to account for the risks and oppor-
tunities in investment decisions that involve large 
capital expenditures. 

The importance of accurate projections of crude oil 
prices extends far beyond the evaluation of potential 
energy Investment. A nation's revenues from oil, Its 
costs of crude oil and refined product imports, and 
Its ability to develop indigenous oil resources all 
hinge on the future of oil prices. So do the major 
Issues involved in managing the non-energy facets of 
a domestic economy, given the Impact that energy 
prices can have on other major economic issues such 
as debt service capacity. 

The identification of turning points and the direction 
of change of the markets over a five year planning 
horizon is particularly important for major investment 
decisions. The greatest deficiency of price projec-
tions of the past fifteen years has been the failure 
to identify the next turning points in advance. 
While errors are to be expected in any forecast, the 
poor record of most readily available price projec-
tions suggests that the problem is fundamental. 

It is worth noting two observations on the behavior 
of real crude oil prices since 1870:

- The trend of	 the long	 run	 average	 of	 real 
crude	 oil	 prices has	 followed	 a	 constant 
price	 level. 

-	 Despite	 this	 long run stability	 of	 real	 crude 
prices,	 a	 long economic	 cycle has persisted. 
That	 Is,	 for	 long periods	 of	 time	 real crude 
oil prices have systematically risen above the 
relatively	 stable long-term	 average,	 only	 to 
then	 fail	 (often rapidly	 and	 dramatically) 
below this avenge.	 These cycles are an in-
tegral aspect of petroleum economics. 

The	 relative long-term stability	 and the cyclical na-
ture	 of real crude	 oil prices	 are	 both illustrated in 
the index of	 the real price of crude oil from 1870 
through 1986; shown In Figure 1.
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The report concludes that: 

-	 The	 long-run	 stability of	 real	 crude	 oil 
prices	 accompanied	 by substantial	 cyclical 
variations,	 will	 probably continue	 in	 the	 fu-
ture.	 There	 is	 no	 convincing basis	 for	 ex-
pecting future	 crude oil real prices	 to follow 
a	 rising long-run trend. 

-	 The	 range	 in	 prices between	 the	 cyclical 
trough in 1970 and the cyclical peak in	 1981 
Is	 extreme	 by	 historical standards.	 If	 the 
current	 cycle	 marks	 a departure	 from	 the 
patterns	 of	 the	 last hundred	 years,	 it	 is 
most	 likely an upward shift	 of	 the	 long-run 
average price	 rather	 than the	 emergence	 of 
a rising trend.

- The recurrence of a long cycle in the world 
oil industry over the past 115 years Is the 
result of the characteristics of oil as a 
commodity and the market in which it Is 
traded. This cycle Is expected to continue 
in the years ahead, making it a critical fac-
tor in predicting future oil prices. 

- Market concentration Increases during periods 
of low prices and diminishes as high prices 
trigger new production sources. Market con-
centration is a prerequisite for governments 
or companies to administer prices. The 
capability to control prices becomes eroded 
as the Industry expands, and is strengthened 
as production capacity becomes depleted in 
the subsequent industry downturn. 

- Non-price factors such as economic growth, 
per capita income, and demographic factors 
such as urbanization and the age distribution 
of populations can combine to increase 
demand despite a consequential increase in 
oil prices. 

On these premises, the study applied "leading in-
dicator" methods to predict the petroleum cycle. 
The starting point of this process was the construe-
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tion of a composite index of coincident indicators. 
The coincident Indicators of the current state of the 
world petroleum market reflect the current real 
price of oil, levels of industry activity, and the 
relative performance of oil company shares and the 
stock market as a whole. Each of these indicators 
tends to move closely with the market as a whole. 

Figure 2 shows the resulting composite index of 
coincident indicators and each cycle turning point 
since 1870.

FIGURE 2 

THE COMPOSITE INDEX
OF COINCIDENT INDICATORS

OF THE WORLD PETROLEUM MARKET 
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aspects of th is projection are as follows: 

FIGURE 3 

A PROJECTION OF THE 
PETROLEUM CYCLE (1988 - 2005) 
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the end of the 1980s. 

the remainder of th e 1990s. 

will probably be similar to that of the mos t 
recent cycle. 

However, such expansions are likely to be shorter in

duration and display a price swing of smaller 
amplitude than when demand Is simultaneously in-
creasing rapidly. The extremely short and compara-
tively mild expansion that occurred in the 1930s of-

A long-term cycle projection from 1088 to 2005 was 
developed, as shown in Figure 3.	 The salient 

- The current stabilization of crude oil prices 
is a pause in a long term industry contrac-
tion that is forecast to persist at least until 

- The low point of the current contraction is 
estimated to occur around 1992 and 1993, to 
be followed by a cyclical expansion through 

Since a combination of supply and demand-side 
forces triggers a turning point in the cycle, the 
amplitude and duration of each stage of the cycle	 - The amplitude of the next cyclical expansion 
reflect the degree of conjunction or opposition of 
these forces. For example, an industry expansion 
can be triggered primarily by supply-side factors in 
spite of on-going weak or even falling demand.
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ECONOMICS 

METHANOL SAID UNECONOMIC AS A GASOLINE 
SUBSTVI'IJTE 

A California fuel methanol cost study was performed 
for a group of oil companies by Bechtel. Based on 
that study and further analysts by Amoco, the 
economics of producing and distributing methanol as 
an	 automotive	 fuel	 were	 summarized	 by
D. J. Soderberg of Amoco recently. 

Current Methanol Supply and Price 

Essentially, all methanol produced today is made in 
plants built to serve the chemical market and it Is 
all made from natural gas. Total world supply, 
provided by some 50 odd plants, Is between six and 
seven billion gallons per year. In contrast, the an-
nual consumption of gasoline by highway vehicles in 
the United States, on an energy-equivalent basis, is 
equal to 210 billion gallons per year of methanol. 
California alone consumes the equivalent of 25 bil-
lion gallons. (Because methanol has half the energy 
content of gasoline, its volumetric consumption would 
be roughly twice that of gasoline). Clearly, sub-
stitution of methanol for gasoline or diesel fuel on 
even a small scale will require construction of new 
methanol plants dedicated to fuel use. 

The market price of methanol has been very unstable 
during the past two years, especially in the United 
States. It ranged from a low of about 25 cents per 
gallon in 1987 to a high of about 70 cents per gal-
lon in 1988. There are several reasons why, but 
use of methanol to make methyl tertiary butyl ether 
(MTBE) as a gasoline blending component undoubtedly 
was a major factor. MTBE represents less than one 
percent of United States gasoline volume, but its 
manufacture consumes seven percent of the world 
methanol supply.	 Manufacture of MTBE for use in 
Europe likely consumes another two percent and use 
of MTBE is growing rapidly. Because the potential 
use of methanol as a motor fuel is so large com-
pared to its use as a chemical, the price of 
methanol will likely continue to be unstable until 
supply dedicated to fuel use becomes available. 

Methanol PlaetIai 

Methanol production costs were estimated as a func-
tion of location and technology, considering six 
production sites: the United States Gulf Coast, 
Trinidad, Saudi Arabia, Australia, Alaska's North Slope 
and Canada.	 Two locations (Australia and Alaska) 
had prohibitively high construction costs.	 Alaska
also had prohibitively high transportation costs. 

Four technologies were considered. Conventional 
technology (steam reforming followed by a Lurgi 
syngas-to-methanol loop) was evaluated at all loca-
tions, while three advanced technologies were 
evaluated based on United States Gulf Coast opera-
tion: combined reforming, catalytic partial oxidation

(CPO), and fluidized-bed syngas -to -methanol technol-
ogy. 

Combined reforming is used already in Lurgi's 
methanol plant In Sabah, Malaysia. It consists of a 
low-conversion steam reformer followed by an 
oxygen-blown catalytic partial oxidation unit or 
"nutothermal" reformer. The case studied included a 
Lurgi syngas -to -methanol loop after the combined 
reformer. 

Davy McKee's CPO technology was an advanced par-
tial oxidation catalyst and dispenses with the low-
conversion steam-reformer. The syngas from the 
CPO reactor is converted to methanol using ICI 
technology. The third technology evaluated was a 
fluidized-bed approach for converting syngas to 
methanol that Mitsubishi has been developing. 

Only one of these technologies, combined reforming, 
has been commercialized, and neither Davy McKee's 
technology nor Mitsubishi's has yet shown any 
economic advantage over it. 

The only scale of methanol production considered In 
the California study was 10,000 metric tons per day 
(MTPD). But since only 2,500 MTPD can be produced 
in the largest methanol train built to date, the 
California study considered clusters of four trains 
based on conventional reforming. In the combined 
reforming case, only three trains were needed to 
produce 10,000 MTPD of methanol because larger 
trains were feasible. 

Cluster plants might provide fuel methanol once a 
large market develops, but it Is doubtful that any 
decision would be made to go ahead with a cluster 
plant before 1995 at the earliest. This means that 
no cluster plant would come on stream before 1999, 
so Amoco considered a single train plant based on 
combined reforming and starting up in 1994 to serve 
the mid-term market. 

Capital costs for the 12 cases considered are shown 
in Table 1. Operating costs for the 12 cases are 
given in Table 2. 

Transportation and Distribution 

Because transportation and distribution to California 
markets has been examined elsewhere Amoco limited 
Its study to areas on the eastern United States 
coastline (Including both the East and Gulf Coasts) 
and Midwest. In estimating costs to the user, It 
was assumed that all methanol produced overseas is 
landed at a terminal located in the Chesapeake Bay 
area or at one located on the Texas Gulf Coast. 

The output of	 the overseas	 methanol plants will	 be 
transported to	 the United	 States in	 clean product 
carriers	 of 40,000 metric tons	 (13 million gallons) or 
80,000	 tons (26 million	 gallons) capacity. The
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TABLE 1 

CAPITAL INVESTMENT
(FAid-$1988 In Millions) 

Steam Reforming Combined Reforming Combined Reforming 
Cluster Receiving Cluster Receiving Single Receiving -

Plant Tankage Plant Tankage Train Tankage 

Gulf Coast 833 16 773 16 350 8 
Trinidad 985 16 862 16 400 8 
Saudi Arabia 1,088 16 952 16 441 8 
Canada 925 16 810 16 375 8 

TABLE 2 

OPERATING COSTS 
(Cents/Gallon Excluding Feedstock Cost) 

Steam Reforming 
Cluster Plant 

Fixed Variable Total 

Gulf Coast 4.9 0.6 5.5 
Trinidad 5.3 0.6 5.9 
Saudi Arabia 5.7 1.4 7.1 
Canada 5.0 0.4 5.4

Combined Reforming Combined Reforming 
Cluster Plant Single Train 

Fixed Variable	 Total Fixed Variable Total 

4.5 1.1	 5.6 6.6 1.1	 7.7 
4.8 0.5	 5.3 7.1 0.5	 7.6 
5.2 1.5	 6.7 7.6 1.6	 9.2 
4.5 0.7	 5.2 6.7 0.7	 7.4

single-train plant would generate shipments for the 
small carriers at 12-day intervals when operating. 
The large cluster plant is assumed to use the large 
carrier, which reduces transport costs to the Bay or 
Gulf terminals by about 40 percent. 

Use of the large carrier increases Inventories at 
both the plant and the ocean terminals, which re-
quires additional Investment for terminal tankage. 
Methanol from Canada could be transported by a 
new dedicated pipeline at casts of 15 cents per gal-
lon. 

Few petroleum-product terminals have surplus 
tankage, so when methanol marketing begins, con-
struction of additional tankage specifically for 
methanol will be needed at the ocean terminals. 
The additional investment for terminal tankage is 
shown in Table 1. 

Methanol could be moved from the Gulf Coast to 
Chicago by any of three means: rail cars, river 
barge, or pipeline. Transportation by rail car would 
provide the most flexibility, but it would be the 
most expensive and probably would be attractive 
only for covering shortages on spot basis. Transpor-
tation by clean, dry river barge would be the most 
economic means for (relatively) small volumes. At 
present, few of the existing pipelines can handle a 
water-soluble product such as methanol, although

most of them could be modified to handle methanol 
if there were sufficient incentives. The modifica-
tions would involve Installation of floating roofs 
and/or cone-type covers and cleaning and drying the 
line and tankage as necessary. 

The cast analysis suggests that methanol In Chicago 
would cast about six cents per gallon more than Its 
cost on the United States Gulf Coast during the 
mid-term (Phase 2), and approximately two cents per 
gallon more during Phase 3. These figures assume 
river barging of methanol from the single train 
plants and shipment by products pipeline for the 
large volumes encountered during Phase 3. 

Methanol landed at the Gulf terminal and moved in-
land by either river barge or pipeline to Chicago Is 
distributed directly from the Chicago terminal by 
truck transport to commercial accounts In the 
Chicago area. Present costs of operating 
petroleum-product terminals average about 0.5 cents 
per gallon, and the cast of transporting products 
from the terminals to commercial customers in the 
local, urban area (or to retail urban service stations 
also) averages about 1.5 cents per gallon. 

In estimating distribution units, It was assumed that 
all methanol Is consumed In commercial vehicles or 
passenger-car fleets whose operators have their own 
fueling facilities.	 While methanol could be clls 
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tributed in small volume to selected retail service 
stations at reasonable cost, widespread distribution in 
small volume would be impractical and uneconomic. 
If methanol consumption grew to where it repre-
sented, say, 10 percent of motor-gasoline volume, 
then it could be substituted for one of the two or 
three grades of gasoline sold now at retail outlets, 
and the per-gallon cost of distributing the methanol 
would be about thai same as for gasoline. 

Integrated Production and Distribution Cost 

An estimate of the cost of producing and distribut-
ing methanol was based on a detailed discounted 
cash flow analysis. The price allows a 15 percent 
return on total Investment (including capital expendi-
tures for terminal facilities as well as production 
facilities) and reflects gas costs, construction costs 
and prevailing taxes at the methanol production 
location, transportation and distribution costs for 
customers in the vicinity of the eastern United 
States coastline. 

In the absence of price escalation, fuel methanol 
could be produced and distributed to commercial ac-
counts near the eastern United States coastline for 
between 43 and 55 cents per gallon, and to Chicago 
for between 45 and 72 cents per gallon (Table 3). 
The price depends on location, technology, and the 
scale of the methanol production. The cost of 
gasoline on a comparable basis would be 54 cents 
per gallon. When comparing gasoline and methanol 
prices, recall that methanol has only half the energy 
content of gasoline. 

If methanol substitutes for as much as 10 percent of 
United States gasoline, it will open up a market on 
the order of 20 billion gallons per year. This 
market would require 50 or more world-class 
methanol trains and suggests the possibility of 
producing methanol in "cluster" plants where several 
very large trains share common utilities and offsites. 
The effect of scale is dramatic. Depending on loca-
tion and cost escalation scenario, a cluster plant 
can cut seven to 16 cents per gallon from the 
production cost of methanol.

Coat of Methanol Substitution 

It takes two gallons of methanol to replace one	 gal-
lon	 of gasoline because	 of methanol's	 lower 

BTU	 content, The cost of	 using methanol to replace 
gasoline, then,	 is the cost	 of the	 two	 gallons	 of 
methanol minus the cost of	 the gallon	 of	 gasoline	 it 
replaces. 

In the projected second phase of methanol introduc-
tion, which would support single-train methanol 
plants, methanol could be produced for 45 cents per 
gallon via combined reforming under a reasonable set 
of escalation assumptions. This figure falls to 
35 cents per gallon with construction of large 
"cluster" plants. 

With gasoline available at 54 cents per gallon, 
methanol replacement would raise fuel costs by at 
least 36 cents per gallon of gasoline displaced in 
Phase 2.	 In Phase 3, economics of scale might 
reduce this to 16 cents. Projected replacement 
costs for all the East Coast escalated cases are 
shown in Table 4. 

The initial cost of replacing gasoline on or near the 
United States East and Gulf Coasts would be at 
least 36 cents per gallon displaced. If the fuel 
methanol market were expanded to the point where 
very large volumes were required, the displacement 
coat might drop to 16 cents per gallon of gasoline 
displaced.	 These cost figures were calculated as-



suming gasoline prices would escalate no faster than 
general inflation. 	 Faster gasoline price escalation 
would lower the calculated costs of 36 and 16 cents 
per gallon displaced. But government rather than 
the market will still have to be the driving force 
behind using methanol in place of gasoline, at least 
for a long time. 

Caicivaian 

From the results of this work, Amoco concludes that: 

- Gasoline is and will likely remain a less ex-



pensive motor vehicle fuel than methanol. 

TABLE 3 

METHANOL WST IN CHICAM
(Unescalated Cases) 

Combined Reforming Combined Reforming Steam Reforming 
1994 Startup 1999 Startup 1999 Startup 
Single Train Cluster Plant Cluster Plant 

Gulf Coast 58 cpg 45 cpg 48 cpg 
Trinidad 62 epg 45 cpg 49 cpg 
Saudi Arabia 72 cpg 52 cpg 57 cpg 
Canada 61 cpg 52 cpg 55 cpg
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TABLE 4 

MFffiA14G REPLACEMENT OF GASOLINE OThS 
($1089 Per Gallon of Gasoline Displaced) 

(Escalated Cases/East Coast Location) 

Cluster Plant 
(10,000 MTPD) 

Steam Reforming 

Gulf Cost 0.46 
Trinidad 0.23 
Saudi Arabia 0.36 
Canada 0.74

Cluster Plant	 Single Train 
(10,000 M'FPD)	 (3,333 MFPD)

Ccctined Reforming Combined Reforming 

	

0.39	 0.48 

	

0.16	 0.37 

	

0.29	 0.56 

	

0.67	 0.76 

- Any penetration of methanol into the motor 
fuel market will be driven by government 
regulations rather than a free market. 

- Given sufficient incentives, methanol can be 
supplied in large quantities at an additional 
cost that might be compatible with environ-
mental mandates. 

- The cost of producing the methanol from new 
plants far outweighs transportation and dis-
tribution costs.

- The most cost-effective way to supply a fuel 
methanol market on the United States East 
Coast Is with large scale production facilities 
located where gas would be available at 
relatively low cost. 

- The cost of using methanol as a substitute 
for gasoline Is very sensitive to choice of 
price escalation scenario. Escalation of 
gasoline price beyond general inflation would 
reduce the actual cost of substituting 
methanol for gasoline. 

"fl 
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INTERNATIONAL 

CANADIAN PEAT CONVERSION PLANT PLANNED 

Canadian federal and provincial government agencies 
have agreed to provide funds for a peat conversion 
project in Bishops Fails, Newfoundland. 

The $1.1 million project is being carried out by En-
con Enterprises, Inc. It Involves design, construction 
and testing of a demonstration plant to convert peat 
into fuel oil, char, and other byproducts. The sys-
tem, to be installed this summer, will use fast 
pyrolysis to process 200 kilograms of peat per hour. 
Successful operation of the demonstration unit could 
lead to a five ton per hour commercial operation. 

#0* 

EC TO DEVELOP INTERNAL ENERGY MARKET FOR 1992 

With the Implementation In 1987 of the Single 
European Act, reinforced by the decision In February, 
1988 of the European Council to assign the resources 
needed, the way is clear for making a reality of 
the European Community internal market. Completion 
of the Internal market by the end of 1992 has be-
come a key objective and the focal point for the 
rejuvenation of the European Community. 

Energy was one of those areas not directly part of 
the package of proposals for realizing the internal 
market contained in the Commission's White Paper of 
1985. Neither was it directly referred to in the 
Single Act. The Commissioner for Energy, Nic Mosar, 
at the Energy Council in Luxembourg on June 2, 
1987, announced the Commission's intention to draw 
up an Inventory of existing obstacles to the internal 
energy market and In due course to submit proposals 
for their elimination before the end of 1992. 
Energy Ministers welcomed and endorsed the plan. 

This work was duly completed by the Commission 
alter extensive consultation with Member States and 
organizations and enterprises from all Member States, 
representing all principal energy sources and Includ-
ing both energy producers and consumers. The 
result was the Commission Working Document, pub-
lished on May 2, 1988, entitled "The Internal Energy 
Market." 

Purpose and Benefits 

The internal energy market means a Community 
energy market which Is better integrated and free 
from barriers to trade. The cost to the Community 
economy of these barriers Is considerable. It Is es-
timated in the Commission report entitled "Europe 
1992--The Global Challenge," published in March 
1988, that the cost of "non-Europe" in the energy 
sector could be as much as 0.5-1.0 percent of 
Community gross domestic product (GDP) or 
ECU20-30 billion per year. This is equivalent to the

whole of Ireland's GDP or nearly one quarter of 
Denmark's GDP. 

The benefits of an internal market in energy are 
thought to be considerable. Without barriers to 
trade, there will be greater competition within the 
energy market, resulting In a more optimal allocation 
of energy resources and tower energy prices. This 
will benefit Community energy consumers and In turn 
increase the competitiveness of Community industry 
In world markets. It will also improve the structure 
and efficiency of the Community energy industry and 
increase the flexibility and security of energy sup-
piles. 

Plan of Action 

The Commission Working Document, 'The Internal 
Energy Market" sets out the real and potential 
obstacles to the realization of the large single 
market in energy. These are detailed in a set of 
five annexes to the basic document, one for each of 
the principal energy sources (solid fuels, oil, natural 
gas, electricity and nuclear energy).	 Earlier in the
document a strategy for action is established through 
which these obstacles will be progressively 
eliminated. The strategy may be broken down into 
four separate but interrelated sets of actions. 

The first concerns implementation of the energy-
related provisions contained in the Commission's 
"White Paper" of 1985 referred to above. Included 
In this particular framework are the harmonization 
of rules and technical norms, the approximation of 
value added tax and excise duty and the opening up 
of public procurement to EC-wide competition In the 
energy sector. 

The second set of actions concerns existing Com-
munity law and the need to apply it more strictly 
In the energy sector than has been the case 
hitherto. Essentially this will mean more assured 
free circulation of energy goods and services and 
the reinforcement of the rules of competition be-
tween enterprises. In addition it will lead to 
tighter discipline in applying Community rules on 
State aid and a detailed examination of the ex-
clusive rights which exist in many parts of the 
energy sector.	 - 

The third area arises from the Single European Act 
concerning higher levels of environmental protection. 
Policy solutions must be found which provide a bet-
ter balance between energy and the environment. 
This will undoubtedly be one of the principal issues 
In energy policy as a whole over the next few 
years. The Commission is committed to prepare a 
proposal on energy and environment which is likely, 
to be ready in 1989. 

The final framework for action presented in the 
report addresses those obstacles which are specific 
to the energy sector. Identified as requiring special 
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attention are the issues of energy prices, and the 
need to strengthen energy infrastructures. 

The Future 

Energy is a commodity of immense strategic Impor-
tance. The European Community is dependent for 45 
percent of total energy consumed on Imported energy 
supplies. This dependence on imports will increase 
over the long term as indigenous energy resources 
decline.	 In this situation, security of supply Is of 
paramount importance. 

Energy will always therefore be of prime importance 
to governments whether at the national level or the 
European Community. The general consensus is that 
it would not be realistic or desirable, to allow 
market forces alone to determine developments in a 
sector of such strategic importance as energy. A 
balance must be struck between Intervention by 
governments or the Community on the one hand, and 
market forces on the other. The Community's energy 
objectives for 1995 are Intended to provide such a 
balance. 

The Single European Act provides for the need to 
maintain social and economic cohesion within the 
Community, In particular to reduce disparities be-
tween regions and the backwardness of the least-
favored regions. 

Energy Ministers gave their first reaction to the 
proposals contained in the "Internal Energy Market" 
document at the Energy Council meeting In Luxem-
bourg on June 9, 1988. Their Initial response was 
positive with a clear welcome given to the paper. 
However, many months and even some years of hard 
discussion and negotiation in the Council may be ex-
pected as proposals are brought forward by the 
Commission to remove specific obstacles. 

Work Is already underway to develop the analysis 
contained in the working document. Studies are 
being undertaken, research carried out and working 
groups formed, together with the necessary consult-
ation with Member States and the Industries con-
cerned. In the field of the application of Com-
munity law, for example, work within the Commission 
Is already underway which may lead before too long 
to actions by the Commission, using its autonomous 
powers, in the energy sector. The next mar step-
ping stone will be a progress report on developments 
to be prepared by the Commission before the end of 
1989. 

The internal energy market has been discussed at an 
Informal meeting of Community Energy Ministers in 
Athens on September 24, 1988 and again In Brussels 
on November 8. At the latter meeting, the Council

drew some first conclusions regarding the importance 
of the Internal energy market to the achievement of 
the single large market of 1992 and the benefits 
which will accrue to consumers, Industry, Member 
States and the Community as a whole. Among other 
conclusions, the Council noted that the development 
and dissemination of new energy technologies is of 
capital importance in reducing the Community's 
energy dependence. Stress was laid on the impor-
tance of the programs already under way, on which 
an evaluation report was shortly expected from the 
Commission. 

The information submitted by the Commission com-
prises the following main points: 

- End of 1988-beginning of 1989: proposals on 
the transparency of energy prices for major 
consumers of gas and electricity 

- Mid-1989:	 systematic overall report on
energy and the environment 

- During 1989: action to remove barriers to 
transfrontier trade in electricity, and report 
on the advantage of common carrier systems 
or increasing trade In gas and electricity 

- End of 1989: report on the problems in-
volved In energy infrastructures, and overall 
report on progress with regard to the inter-
nal energy market. 

In March of this year, the BC Informed its member 
states that In July It will propose legal action tc 
require "greater transparency" in energy pricing, 
especially for contracts of large industrial users of 
gas and electricity.	 There also will be several 
other actions affecting the energy sector, all 
designed to start breaking up the monopolies In West 
Europe, as the BC moves toward a - single internal 
market by 1992. 

At present, many energy-generating suppliers In 
Western Europe have restrictions on their sources. 
For example, in West Germany, electric power com-
panies are required to burn high-cost local coal, 
partly paid for by a charge levied on final con-
sumers of electricity. 	 This Is an annoyance to
French electricity suppliers, whose nuclear-generated 
power Is considerably cheaper. And in the United 
Kingdom, power stations, which are currently owned 
by the United Kingdom government but are scheduled 
for privatization In the next year or two, are tied 
to using British coal, which costs more than imports 
from Poland, for example. 
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ENVIRONMENT 

CONTRARIAN VIEW SAYS EARTH ID BENEFIT FROM 
INCREASED CARBON DIOXIDE 

Everyone by now has heard of the carbon dioxide 
greenhouse effect: the catastrophic warming of the 
world which Is expected by many to result from the 
steadily rising carbon dioxide content of Earth's at-
mosphere. In a nutshell, this phenomenon is pre-
dicted to result from the near total transparency of 
carbon dioxide for short-wavelength solar radiation 
from the sun and its much greater opacity for con-
siderably longer-wavelength thermal radiation emitted 
by the Earth. Because of these dual radiative 
properties of CO 2 , an increase in the CO2 content 
of the atmosphere should cause warming, as it would 
have little effect on the Earth's receipt of energy 
from the sun, but it would significantly reduce the 
planet's rate of radiative heat loss to space. When 
the appropriate data are fed into the best climate 
models currently in existence, it is found that a 300 
to 600 parts per million doubling of the air's CO2 
content leads to a four degrees Celsius Increase in 
the mean surface air temperature of the globe. 

Three centuries ago, the CO 2 content of the atmos-
phere was about 275 parts per million. By the turn 
of the last century, however, it was about 295 parts 
Per million, while today it has surpassed 350 parts 
per million and is expected to pass 600 parts per 
million In only 70 more years. Simultaneously, a 
number of other greenhouse gases have been increas-
ing even more rapidly; and It is predicted that by 
the time the atmospheric CO 2 concentration reaches 
600 parts per million, the combined climatic effect 
of these other gases will be equivalent to that 
produced by the CO2 Increase, so that an ultimate 
global warming of fully eight degrees Celsius will 
accompany a 300 to 600 parts per million doubling 
of the air's CO2 content. 

Such a warming would be unprecedented in rate and 
magnitude; and the predictions of doom and gloom 
include the melting of the polar ice caps, the rising 
of the sea, the flooding of coastal lowlands, the in-
tensification of tropical hurricanes, the wasting of 
the American heartland, the disruption of agriculture 
and natural ecosystems, the extinction of entire 
species, and all manner of social, economic and 
political upheaval. A heretofore unpublicized con-
trarian point of view, however, says there will be 
large compensating benefits of an increased carbon 
dioxide concentration. This viewpoint has been 
espoused by S. B. Idso of the United States Water 
Conservation Laboratory in Phoenix, Arizona. Idso Is 
publishing a new book on the carbon dioxide effect. 
He begins with a long look down the evolutionary 
time-line of Earth's development. 

Some 4.5 billion years ago, the energy output of the 
sun Is believed to have been about 25 to 30 percent 
less than what it is today. Under such conditions, 
Earth should have been a lifeless global ice-house, 
all else being equal.	 We know, however, that it

was not, and that life has existed In an nijuablo 
thermal environment for at least 3.8 billion years. 
There Is much evidence to suggest that the resolu-
tion	 of	 this	 paradox	 resides	 in	 the	 early 
atmosphere's high CO 2 concentration, which at 
3.5 billion years ago Is estimated to have been ap-
proximately 70,000 parts per million. 

Now as the sun's energy output has gradually in-
creased from that point in time, the air's CO 2 con-
tent has gradually dropped, and the greenhouse ef-
fect has continuously adjusted itself so as to com-
pensate for the Increasing luminosity of the sun. At 
a current CO2 concentration of 350 parts per mil-
lion, however, or the even lower value of 275 parts 
per million characteristic of Earth's atmosphere prior 
to the historical CO 2 increase produced by the ac-
tivities of man, It is clear that this means of tem-
perature regulation Is about exhausted. The 
decrease in atmospheric CO 2 concentration ex-
perienced In dropping from 70,000 parts per million 
to the current low range of 275 to 350 parts per 
million Is approximately 99.5 percent of the total 
decrease possible. 

Although some have taken this observation to suggest 
that the life span of the biosphere is Inexorably ap-
proaching its end, due to an anticipated failure of 
the planet's primary thermal regulatory system, there 
are other means of temperature regulation which 
should ensure life's continued existence for yet a 
long time to come. But any further drop in the 
CO2 content of the atmosphere could well be dis-
astrous for a very different reason; and that Is that 
the amount of CO2 In the air could readily fall 
below the CO 2 compensation point for photosynthesis 
in C 3 or Calvin-Benson type plants, which make up 
the majority of the world's vegetation. That is, the 
CO 2 content of the air could fall so low that these 
plants could no longer photosynthesize enough to 
maintain essential life processes. 

That this event may not be too far distant is sug-
gested by the fact that the CO 2 compensation points 
of most C3 plants generally He between 50 and 
100 parts per million, plus the observation that the 
atmospheric CO2 content dropped precipitously to a 
value of only 180 parts per million during the 
coldest part of the last ice age. Hence, as we are 
poised to experience another such glaciation any 
time now, we could well see many plants struggling 
to survive In a few thousand years. 

Even now, In fact, all of the world's plant life is 
actually starved for carbon dioxide. We know this 
to be true because of the results of hundreds of 
experiments where plants have been grown in CO2 
enriched atmospheres characteristic of the times in 
Earth's past history when they developed their basic 
physiological properties and to which the plants of 
today are still better adapted. In general, the ex-
periments suggest that a 300 to 600 parts per mil-
lion doubling of the air's CO 2 content Increases the 
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overall growth of all plants by about one-third, and 
that a 300 to 900 parts per million CO 2 tripling 
boosts productivity by about two-thirds. Simul-
taneously, atmospheric CO 2 enrichment also acts as 
an effective antitranspirant, partially closing the 
stomatal pores of the plant leaves through which 
water is lost to the atmosphere. And for a 300 to 
600 parts per million doubling of the air's CO 2 con-
tent, this phenothenon results in an approximate 
one-third reduction in plant evaporative water toss 
on a per-unit-leaf basis. Hence, a simple 300 parts 
per million Increase in atmospheric CO 2 content will 
actually double per-unit-leaf-area plant water use 
efficiency, or the amount of dry matter produced 
per unit of water transpired. And another 300 parts 
per million CO 2 increase will close to triple it. 

These improvements in plant capabilities will have a 
dramatic effect In the world of the future. 
Grasslands would flourish where deserts now lie bar-
ren; shrubs will grow where only grasses grew 
before; and forests will make a dramatic comeback 
to reclaim many areas presently sustaining only brush 
and scattered shrubs. With more of the land 
covered with vegetation, soil erosion will be cur-
tailed; while greater productivity will mean a 
greater return of organic matter to the soil, which 
in turn will stimulate the soil biota to new levels 
of activity. Augmented populations of earthworms, 
in particular, will Improve the fertility, structure, 
aeration and drainage of both agricultural soils and 
natural ecosystems. Larger and more vigorous 
populations of rhizosphere organisms will accelerate 
weathering processes and soil formation, as well as 
nitrogen fixation from the atmosphere. Greater fun-
gal colonization of more extensive root systems will 
also enhance the absorption of needed plant 
nutrients and suppress the absorption of toxic ele-
ments, while promoting an underground mutuallsm 
which fosters cooperation among species and leads to 
greater biological diversity and species richness, 
characteristics of past high-CO 2 periods of Earth's 
history which are somewhat akin to those currently 
found in tropical rain forests. All this, and much 
more, will surely come to pass as a result of the 
rapidly rising CO 2 content of Earth's atmosphere. 
But can it be negated by the catastrophic climatic 
changes predicted by the climate doomsayers? 

After reviewing the characteristics of state-of-the-
art general circulation models of the atmosphere, or 
GCMs, Idso says it Is clear that these models are 
"marvels of mathematics and computer science, but 
rather crude imitators of reality." For example, 
current GCMs frequently employ treatments of 
dubious merit, including prescribing the oceanic heat 
flux, Ignoring the oceanic heat flux, and using In-
correct values of the solar constant. The CO2

-induced climate changes simulated by different GCM's 
shows many quantitative and even qualitative dif-
ferences. Therefore not all of these simulations can 
be correct, and perhaps all could be wrong. 

That the latter of these alternatives is likely to be 
the true one Is born out by a recent study which

found the mean difference between modeled and 
measured net solar radiation at the Earth's surface 
to be approximately 25 percent, tho mean difference 
between modeled and measured net thermal radiation 
at the Earth's surface to be approximately 50 per-
cent, and the mean differences between modeled and 
measured planetary albedo and outgoing thermal 
radiation at the top of the atmosphere to be fully 
400 percent. In fact, another recent study has 
demonstrated that by merely utilizing different 
horizontal grid resolutions in a standard 6CM, pre-
dicted base climatic states differ by more than what 
Is predicted to result from a doubling of the atmos-
pheric CO 2 content. 

One area In which the models are especially defi-
cient Is that of possible cloud responses to incipient 
warming.	 In the models, interactive cloud sub-
routines generally amplify the Initial warming 
produced by CO2 . In the real world, however, cloud 
cover is almost always found to increase when the 
climate warms; and recent satellite studies have 
shown quite conclusively that clouds exert a net 
cooling effect on the climate. Hence, there is little 
doubt that the intensification of the hydrologic cycle 
tends to counteract the warming Influence of the 
steadily rising atmospheric CO 2 content, whereas the 
models represent the enhanced cycling of water 
through the atmosphere as positively amplifying the 
CO2 signal. 

Perhaps the most Interesting aspect of clouds, 
however, is that they appear to function as the key 
elements of a great global thermostat which is 
biologically modulated. This intriguing aspect of 
climate regulation has only been elucidated within 
the past two years; and It is well outside the 
domain of current GCM simulations, which presently 
deal only with physical processes and feedbacks, but 
which, of course, can and must be modified to In-
clude pertinent biotic Influences as well. 

The feedback response begins with some initial im-
petus for warming, such as would be provided by an 
increase in the CO 2 content of the atmosphere. As 
this warming is experienced by the microscopic algae 
or phytopiankton which live in the surface waters of 
the world's oceans, they begin to grow faster; and 
as they photosynthesize at increasingly greater rates, 
they produce, as a by-product of their metabolism, 
increasingly greater quantities of a substance called 
dlmethylsutfonio propionate, which is ultimately 
released to the sea when the phytoplankton either 
the or are eaten by zooplankton. There, a portion 
of it decomposes to form dimethylsulfide, which dif-
fuses into the atmosphere where it is oxidized and 
converted into sulfuric and methanesulfonic acid par-
ticles, which then function as cloud condensation 
nuclei. 

Some of these nuclei produce new clouds, while 
others increase the droplet number concentrations of 
pre-existing clouds, making them more highly 
reflective of the incoming solar radiation from the 
sun.	 Both of these effects tend to dramatically 
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cool the planet, acting as a brake on the Initial im-
petus for warming. And it has been estimated that 
this negative feedback Is of about the same strength 
as the primary CO 2 greenhouse effect. 

Two years ago this significant means of climate 
modulation was completely unknown; and Idso sug-
gests that there are still other such phenomena-
mechanisms linking the biology of the planet with 
the physical-chemical state of the environment-- 
which are completely unknown today. 

In the interim, however, the rapidly rising CO2 con-
tent of the Earth's atmosphere bodes well for biol-
ogy. The biosphere is Just now beginning to awaken 
from the great lethargy of several millennia of CO2 
starvation, and a great "greening of the earth" is 
already in progress, In spite of man's many real and 
substantive assaults upon the environment. 

These are the problems, says Idso, which really do 
need attention: the rampant destruction of tropical 
forests, the utter annihilation of entire species of 
plant and animals, the blatant release of truly of-
fending substances to the environment, plus a whole 
host of other local and regional problems. Clearly, 
we have more than enough to do to amend our ways 
to live harmoniously with the other forms of life 
with which we share the planet, and we should not 
be wasting our time and energy in a debilitating ef-
fort to fight an unwinable battle against an Imagi-
nary foe. Indeed, we should embrace the steadily 
rising carbon dioxide content of Earth's atmosphere 
as the great ally which it truly is.

EPA SETS EMISSION STANDARDS FOR METHANOL 
VEHICLES 

The United States Environmental Protection Agency 
(EPA) has issued federal emission standards for 
methanol-fueled vehicles. The standards are essen-
tially the same as those In place for gasoline and 
diesel fueled vehicles. They include: 

- Unburned hydrocarbons less than 0.41 grams 
per mile 

- Carbon monoxide less than 3.4 grams per 
mile 

- Nitrogen oxides less than 1.0 gram per mile 

- Particulates less than 0.2 grams per mile 

EPA estimates that current-technology methanol 
vehicles certified to the new emission standards 
could produce up to 45 percent fewer ozone-causing 
pollutants than petroleum-fueled vehicles. The 
agency is still determining what, U any, health ef-
fects might result from formaldehyde and methanol 
emissions. 

The agency also expects future advanced technology 
methanol vehicles will reduce the ozone caused by 
motor vehicles between 80 and 90 percent. Engines 
designed to take advantage of methanol's high oc-
tane, high flame speed and wide flammability limits 
could be much cleaner and more efficient than 
current-technology methanol vehicles. 
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RESOURCE 

RECOVERABLE NATURAL GAS PUT AT 1,000 ¶'CF FOR 
LOWER 48 STATES 

A new natural gas resource assessment by the 
Bureau of Economic Geology at the University of 
Texas shows that a technically recoverable reserve 
and resource base of 1,059 trillion cubic feet (TCF) 
of natural gas exists In the lower 48 states 
(Table 1). This resource base Is made up of proved 
reserves, inferred reserves, and resources. The lat-
ter requires discovery and development, In part 
based on Improved understanding of reservoir 
frameworks that must be more fully developed and 
applied. Of this resource base, 800 TCF exists or Is 
estimated to exist In conventional reservoirs. More 
than halt of the total resource evaluated in the 
lower 48 states, or 583 TCF of gas is Judged 
economically recoverable (including finding costs) at 
less than three dollars per thousand cubic feet 
(<$3/MCF).	 All prices are wellhead prices in 1987 
dollars.	 An additional 174 7CM' of gas is Judged

economically recoverable at $3 to $5/11CF. These 
Judgments of economic recoverability were made by 
a national Review Panel of natural gas analysts. 
The Review Panel took a consistently conservative 
view of recoverability and of the total resource ac-
cessible at different price ranges. 	 This was par-
ticularly true for unconventional resources, the 
resource base of which is much greater than the 
volumes of technically recoverable gas. 

The members of the Review Panel made individual 
estimates In each category of natural gas reserve or 
natural gas resource and then averaged them. The 
volume of gas judged economically recoverable in 
each category is the arithmetic mean of the In-
dividual estimates after elimination of the highest 
and the lowest estimate in each price category. 

The key results in each major category of natural 
gas follow. 

TABLE 1

ASSESSMENT OF IUFAL U. S • GAS RESERVES AND RESOURCES 

Technically 
Recover -

able	 Recoverable 
Gas clas by Price ('It?) 

Gas Resource Category	 (TCF) <$3/MCF $3-5/MG? 

Loner 48 (Cmventhnal)
Proved Reserves, Onshore and Offshore 159 159 - 
Inferred Reserves/Probable Resources, 

Onshore 85 85 - 
Inferred Reserves, Offshore 23 23 - 
Extended Reserve Growth in Non-

associated Fields Onshore 119 56 18 
Gas Resources Associated With Oil 

Reserve Growth 61 30 11 
Undiscovered Resources Onshore 219 88 59 
Undiscovered Resources Offshore 134 54 28 

Subtotal 800 495 116 

Lar 48 (Unca,wntloml) 
Gas in Low-Permeability Reservoirs 180 70 49 
Coalbed Methane 48 8 4 
Shale Gas 31 10 5 

Subtotal 1,059 583 174 

Alaska 
Reserves 33 7 0 
Inferred Reserves (Cook Inlet Area) 3 3 0 
Undiscovered Resources Onshore and 

Offshore 93 2 2 
Subtotal 1,188 595 176 

Total 1,188 595 176

1-27	 SYNTHETIC FUELS REPORT, JUNE 1989 



Proved Reserves 

All Lower 48 onshore and offshore proved gas 
reserves, totaling 159 TCF (dry-gas basis), are judged 
economically recoverable at <$3/MCF. 

Inferred Reserves/Probable Resources Onshore 

The Review Panel estimates that 85 TCF of inferred 
reserves/probable resources occurs onshore in the 
lower 48 states. All gas in this category is judged 
economically recoverable at <$3/MCF. 

Inferred Reserves /Probable Resources Offshore 

A total of 23 TCF of inferred reserves/probable 
resources exists offshore in the lower 48 states, and 
100 percent Is judged economically recoverable at 
C $ 3/MC F. 

Extended Reserve Growth In N(naasodated Gas Fielt 
Onshore 

This category of the natural gas resource base rep-
resents gas distributed In known fields recoverable 
through intensive development of heterogeneous 
reservoirs. Definition of this resource category is a 
major contribution of this study. More than 
300 plays, or groups of geologically related reser-
voirs, including some 10,000 fields, were evaluated 
nationally, and a natural gas resource of 105 TCF in 
existing fields was defined. This resource can be 
accessed through Will drilling and recompletion of 
bypassed zones. An additional 14 TCF of resources 
can come from extended reserve growth of new 
pools and extension drilling used to develop onshore 
Inferred reserves/probable resources. 	 The total
volume of resource defined as having extended 
reserve growth potential is 119 TCF. Of that, 
56 TCF is judged recoverable at C$3/MCF and an ad-
ditional 18 TCF is judged recoverable at three to 
five dollars per MCF. 

Gas Resources Aodated with Oil Reserve Growth 

Detailed data on 450 large reservoirs in Texas and 
an in-depth study of part of the Permian Basin In 
West Texas were used to extrapolate to the national 
level (lower 48 states, light oil resource base) the 
Increased amounts of associated gas potentially 
recoverable through oil reserve growth. Oil reserve 
growth, the improved recovery of mobile oil from 
known reservoirs, is currently the largest contributor 
to oil reserve additions. The national resource 
evaluated by the Review Panel in this category is 
61 TCF, of which 30 TCF Is judged recoverable at 
less than $24 per barrel and an additional 11 TCF is 
Judged recoverable at $24 to $40 per barrel. 

Umfiscove ted Recoverable Resources Omhre, 
Lower 48 States 

Estimates in this category by the United States 
Geological Survey (USGS) and the Potential Gas Com-
mittee (PGC) vary. The PGC estimates of undis-
covered resources include gas from low-permeability 
formations, whereas the USGS estimates do not. The

difference between the two approaches must be ac-
counted for to make comparable evaluations. There-
fore, a weIghted-average 26 percent low-permeability 
resource In the PGC estimate of possible and 
speculative resources was excluded. Further, es-
timates of undiscovered gas resources In the 
Anadarko Basin In both estimates (25 TCF by the 
USGS and 112 TCF by the PGC) were replaced on n 
consensus basis by a 1988 estimate of 46 TCF made 
by Energy and Environmental Analysis, Inc., for the 
Gas Research Institute. Excluding estimates of gas 
in low-permeability formations and the Anadarko 
Basin, total national estimates by the USGS and the 
PGC are comparable.	 The resulting estimate con-



sidered by the Review Panel is an undiscovered 
lower 48 onshore resource of 210 TCF. Of this 
resource, 88 TCF is Judged recoverable at C$3/MGF 
and an additional 59 TCF is Judged recoverable at 
$3 -$ 5/MO F. 

Undiscovered Resources Offshore 

The Review Panel used the Minerals Management 
Service (MMS) estimate of 128 TCF for Federal off-
shore lower 48 undiscovered gas resources rather 
than an average of the MMS and PGC estimates. 
This was done in view of the data base used by the 
MMS and the modeling conducted by them, and be-
cause their estimates included deepwater resources in 
the Gulf of Mexico, whereas the PGC estimates did 
not. The Review Panel added six TCF for undis-
covered state offshore resources to the MMS Federal 
offshore estimate for an undiscovered offshore 
resource total of 134 TCF. The Review Panel Judged 
that 54 TCF Is recoverable at c$3/MCF and an addi-
tional 28 TCF Is recoverable at three to five dollars 
per MCF. 

Gas In Low-PermeablUty Fnatiais 

Large estimated volumes of in-place gas exist in 
low-permeability formations, but only smaller amounts 
are considered recoverable using current technology. 
The Review Panel excluded low-permeability forma-
tions of the Northern Great Plains from consideration 
In this assessment to maintain a conservative ap-
proach to economically recoverable gas. Of a tech-
nically recoverable resource base of 180 TCF, the 
Review Panel judged 70 TCF recoverable at <$3/MCF 
and an additional 49 TCF recoverable at three to 
five dollars per MOP. Volumes of gas in low-
permeability formations assume current technology, 
but with advanced technology larger volumes can be 
recovered. 

Coslbed Methane 

Of 215 TCF of original gas in place appraised by 
ICF-Lewin Energy, 90 TCF is considered technically 
recoverable. Of this technically recoverable volume, 
48 TCF is accessible in areas of currently producing 
basins where production has not yet been developed. 
The Review Panel considered this volume of gas as 
the basis for its assessment. Of the 48 TCF, eight 
TCF is Judged recoverable at <$3/MCP and an addi-
tional four TCF is judged recoverable at three to 
five dollars per MOP. 
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Shale Gas 

Of 800 to 1,900 TCF of original gas in place, 
ICF-Lewin Energy appraised a resource of 84 TCF. 
Of the appraised resource, 31 TCF is recoverable 
using current technology. The Review Panel Judges 
that 10 TCF of the 31 TCF resource is recoverable 
at <$3/MCI' and an additional five TCF Is 
recoverable at three to five dollars per MCI'. 

Other Rairces 

Gas, both natural and synthetic, is available from a 
variety of other sources that were not considered

volumetrically In this analysis. These include gas in 
water-driven, depleted reservoirs and gas in mature, 
saturated, geopressured geothermal waters, each 
available through coproduction of water and gas. 
Also not Included is an increment of natural gas 
potentially available through reserve growth of 
natural gas fields yet to be discovered. Finally, 
this analysis did not consider gas hydrates or syn-
thetically produced gas from coal and other sources. 
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RECENT GENERAL PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Sixteenth Energy Technology Conference February 28 - March 2, 1989 
In Washington, U. C.: 

Mayfield, M. J., at al., "Update on U. S. Department of Energy's Phosphoric Acid Fuel Cell Program." 

Myles, K. M., at al., "Status of Molten Carbonate Fuel Cell Technology." 

Bates, J. L., "Solid Oxide Fuel Cells: A Materials Challenge." 

The following papers were presented at the Alternate Energy '89 Conference held In Tucson, Arizona in April: 

Idso, S. B., "Carbon Dioxide: A Contrarian Point of View." 

Leibson, I., "Energy Policy Options for the 1990g." 

rice, G. F., "Overview of the Business Prospects for Gas-to-Liquids Technology." 

Yaeger, K. "Meeting U. S. Power Requirements in the 1990s." 

Woebbin, P., "Fuels & Air Quality in the Los Angeles Basin." 

Jackson, M. D., "Alternate Fuels & the Environment." 

Schwochert, H. W., "GM'S Variable Fuel Vehicle." 

Soderburg, D. J., "The Cost of Delivering Methanol at the Pump." 
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COMING EVENTS 

1989 

JULY 11-13, WASHINGTON, D.C. -- United States Energy Policy and Security Issues Meeting 

JULY 25-27, MELBOURNE, VICTORIA, AUSTRALIA -- Mineral Fuels Alternatives and the Greenhouse Effect 

AUGUST 1-3, URBANA, ILLINOIS -- Illinois Coal Development Board 7th Annual Contractors' Technical Meeting 

AUGUST 1-4, LARAMIE, WYOMING -- Confab '89 

AUGUST 7-12, WASHINGTON, D.C. -- 24th lntersociety Energy Conversion Engineering Conference. 

AUGUST 20-23, PHILADELPHIA, PENNSYLVANIA -- American Institute of Chemical Engineers National Meeting 

AUGUST 30-SEPTEMBER 1, NICE, FRANCE -- Third International Symposium on Turbomachinery, Combined-Cycle 
Technologies and Cogeneration 

AUGUST 30-SEPTEMBER 1, TOKYO, JAPAN -- 11th Symposium on Coal Utilization Technology 

SEPTEMBER 5-7, SWANSEA, UNITED KINGDOM -- Applied Energy Research Conference 

SEPTEMBER 6-8, SAPPORO, JAPAN -- 26th Congress on Coal Science 

SEPTEMBER 7-8, ESSEN, FEDERAL REPUBLIC OF GERMANY -- DGMK Conference on Coal Pyrolysis 

SEPTEMBER 10-15, MIAMI BEACH, FLORIDA -- American Chemical Society, Symposium on Structure of Future Jet 
Fuels II. 

SEPTEMBER 17-22, MONTREAL, QUEBEC, CANADA -- 14th World Energy Conference. 

SEPTEMBER 25-29, PITTSBURGH, PENNSYLVANIA -- Sixth Annual International Pittsburgh Coal Conference. 

SEPTEMBER 25-OCTOBER 5, MOSCOW, USSR -- International Energy Trade Fair, ENERGOTECHNIKA 89. 

OCTOBER 3-5, MORGANTOWN, WEST VIRGINIA -- United States Department of Energy Advanced Research and Tech-
nology Development 

OCTOBER 9-11, WELLINGTON, NEW ZEALAND -- Third Coal Research Conference 

OCTOBER 9-11, DELFT, THE NETHERLANDS -- International Underground Coal Gasification Symposium. 

OCTOBER 16-18, LONDON, UNITED KINGDOM -- Coal Trans '89 

OCTOBER 18-19, LIVERMORE, CALIFORNIA -- Sixth Briefing on Oil Shale Research 

OCTOBER 22-25, WHITE SULPHUR SPRINGS, WEST VIRGINIA -- American Coke and Coal Chemicals Institute National 
Meeting. 

OCTOBER 22-26, CARACAS, VENEZUELA -- International Conference on Energy Environment and Technological In-
novation 

OCTOBER 22-27, KNOXVILLE, TENNESSEE -- Sixth Symposium on Separation Science and Technology for Energy Ap-
plications. 

OCTOBER 23-27, TOKYO, JAPAN -- International Conference on Coal Science. 

OCTOBER 25-28, ATLANTA, GEORGIA -- 12th World Energy Engineering Congress. 

OCTOBER 29-NOVEMBER 3, PALO ALTO, CALIFORNIA -- Conference on Technology for Power Generation in the 
21st Century. 

NOVEMBER 5-10, SAN FRANCISCO, CALIFORNIA -- American Institute of Chemical Engineers Annual Meeting 
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NOVEMBER 6-9, TOKYO, JAPAN -- International Gas Research Conference. 

NOVEMBER 7-9, CANBERRA, AUSTRALIAN CAPITAL TERRITORY, AUSTRALIA -- Energy '89 Conference 

NOVEMBER 12-14, SAN FRANCISCO, CALIFORNIA -- American Petroleum Institute Annual Meeting. 

NOVEMBER 14-16 PITTSBURGH, PENNSYLVANIA -- Coal Technology '89: 12th International Coal Utilization and 
Transportation Conference and Exhibition. 

NOVEMBER 15-17, LEXINGTON, KENTUCKY -- Eastern Oil Shale Symposium. 

NOVEMBER 28-30, DHANBAD, INDIA -- Symposium on Coal Utilization: Trends and Challenges 

DECEMBER 4-6, CHICAGO, ILLINOIS -- United States Oil and Energy in the World Context Symposium 

DECEMBER 5-7, NEW ORLEANS, LOUISIANA -- Power-Gen '89 Conference and Exhibition 

DECEMBER 11-13, MIAMI BEACH, FLORIDA -- Ninth Miami International Congress on Energy and Environment 
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PROJECT ACTIVITIES 

UNOCAL LOWERS BRRAKEVEN POINT 

Unocal Corporation's Parachute Creek oil shale 
project shipped Its 2,000,000th barrel of shale oil 
syncrude on May 6, 1989. 

According to company spokesmen, recent cost cutting 
efforts have lowered Unocal's operational breakeven 
point to approximately 140,000 barrels per month, or 
somewhat less than 5,000 barrels per calendar day. 
The Immediate future of the project depends on the 
ability to maintain this production level. 

The production history for the plant is shown in 
Figure 1.

FIGURE 1 

UNOCAL SHALE OIL SHIPMENTS 
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In remarks to the corporation's annual meeting on 
April 24, company president R. Stegemeir said, "We 
are making a major effort to bring our oil shale 
project near Parachute, Colorado, to a positive cash 
flow. Last year, we cut operating expenses sig-
nificantly, primarily through Increased productivity 
and changes In natural gas contracts. The plant 
produced more than one million barrels of synthetic 
crude oil In 1988, up 75 percent over 1987. Cur-
rently, we are producing at a sustained rate of 
about 6,500 barrels of syncrude per day. We are 
encouraged by this progress, but the project's cost 
and reliability continue to be matters of concern." 

The syncrude production was shipped to the 
company's Chicago Refinery for conversion Into a full 
range of transportation fuels.

The project's primary goal for 1989 is to achieve a 
break-even cash flow.	 This target was nearly 
reached in the fourth quarter of 1988. In early 
1989, however, the plant encountered a mechanical 
problem that halted production for several weeks. 

During the first quarter of 1988, the company wrote 
down Its remaining investment in the oil shale 
project - $350 million pretax. The relatively low 
level of crude oil prices made It unlikely that the 
project would generate enough cash flow to recover 
the original plant investment. 

The federal government awarded the company a price 
support contract In 1981. Under terms of this con-
tract, the government paid Unocal $30 million in 
price supports for syncrude produced in 1988; at 
year end, the remaining balance of the price support 
was $352 million. 

NEW PARAHO PUTS SHALE OIL ON HIGHWAY TEST 
STEWS 

The New Paraho Corporation plans to develop a com-
mercial process for making shale-oil-modified road 
asphalt. 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 develop-
ment 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 
producing sufficient quantities of shale oil to accom-
modate the construction and evaluation of several 
test strips of shale oil-modified asphalt pavement. 
Mining of 3,900 tons of shale for these strips oc-
curred 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/hour/square foot on 23 to 35 gallons per 
ton oil shale and achieved an average yield of 
96.5 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. 

In 1989, highway strips will be Installed in Colorado, 
Utah and Wyoming. Planned locations for these 
strips are shown in Figure 1. As of May, 1989, the 
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370,000 tonnes of shale oil and 35,000 tonnes of 
sulfur.

FIGURE 1 

BRAZILIAN OIL SHALE OUTCROPS 
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strip of Highway 191 south of Moab, Utah has been 
completed. In this test, the shale oil modified as-
phalt Is being compared to a rubberized asphalt, 
grade AC-20R.	 In both eases a lime-treated ag-
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Since 1972 the semi-commercial plant operated more 
than 95,000 hours presenting uninterrupted runs 
longer than 5,800 hours. The current plant operat-
ing factor is controlled between 92 and 95 percent. 
The maintenance schedule includes one shutdown of 
three weeks per year. Improvement of the operation 
with time can be seen In Figure 2. 

The curve exhibits four distinct stages. The second 
stage between the 20th and 80th months was spent 
in changing mainly the aerodynamics of the PETROSIX 
retort to Improve Its throughput and efficiency. The 
third stage between the 80th and 100th months was 
spent operating the plant to obtain the design basis 
for the industrial plant. The last stage Is the 
operation of the plant on a commercial basis. 

The Industrial MO6IIe 

The 11-meter diameter commercial module, scheduled 
for operation In 1990, will produce 550 tonnes of 
shale oil per thy. This industrial plant is located 
at the same site of the UPI facilities thereby using 
the existing infrastructure. 

The industrial module is designed for a nominal 
capacity four times that of the UP!. The total 
capital Investment to erect the Industrial Module is 
estimated to be US$80 million. The complex formed 
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by the industrial module and the UPI has a nominal 
production capacity of	 3750 barrels of	 shale	 oil per 
day,	 43 metric tons	 of liquid petroleum	 gas, 
70	 metric tons	 of fuel	 gas and	 65 metric	 tons	 of 
sulfur per day.

WESTERN SLOPE REFINING l(EflS ENVIRONMENTAL OPPOSITION 

Western Slope Refining Company, formerly Gary 
Refining Company, has reopened the Fruits, Colorado 
refinery which has been closed since May, 1985. It 
plans to be back in full production by the end of 
July. 

Local environmentalists had hoped to force the com-
pany to apply for a conditional use permit from 
Mesa County, saying that the 1985 closure amounted

to abandonment. However, the Mesa County commis-
sioners disagreed and refused to order a public 
hearing. The commissioners said the issuance of a 
county use permit on the Gary operation would be 
superfluous because the company must get the per-
mission of state water- and air-quality officials to 
proceed. 

The groups, however, want the county to take 
primary responsibility because it can impose more 
stringent requirements than can the federal or state 
governments. 

A letter, signed by three organizations, states that 
when the refinery closed In 1985, "it did so with an 
unpaid debt to the citizens and residents of the 
Grand Valley" because of impoundment ponds tainted 
with hazardous waste and emissions of sulfur dioxide 
from its stacks. 

Richard Traylor, manager of the refinery, said in a 
letter to the county that during the four years of 
down time for the refinery, "significant maintenance 
activities" were conducted, as were environmental 
projects. Among the environmental projects were 
the recovery of oil from the wastewater system and 
removal of sludges from evaporation ponds. 

In addition, the company is studying technologies to 
reduce sulfur-dioxide emissions from the refinery's 
calciner. Depending on the method, the scrubber 
could cost between $700,000 and $3 million to in-
stall. 

The refinery Itself meets new-source performance 
standards for sulfur-dioxide emissions. 

About half of the refinery's crude oil requirement of 
10,000 or 11,000 barrels a day will come from 
Unocal's shale oil production plant at Parachute. 

Western Slope Refining also Is trucking in crude oil 
from fields In Nevada and Utah. If necessary, they 
can obtain crude from the North Slope of Alaska, by 
trucking from a pipeline terminal in Utah. 

Refinery products will include unleaded and leaded 
gasoline, diesel, kerosene, propane, butane, jet fuel 
and calcined coke. 
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CORPORATIONS 

SPP/CPM NOTE ENCOURAGING TRENDS IN OIL SHALE	 The conclusion Is that the simple AOSTRA Tacluk 
retort has the following advantages over fluidized 

Southern Pacific Petroleum N. L. (SPP) and its af- 	 beds: 
filiate, Central Pacific Minerals N. L. (CPM) are 
committed to the development of an Australian shale 	 1. It Is substantially cheaper to construct. 
oil industry based on their Tertiary all shale deposits 
in eastern, coastal Queensland, Australia. Their An- 	 2. The cost of feed preparation Is less because 
met Report for 1988 reviews the history and status 	 it does not require carefully processed raw 
of their joint venture projects. 	 shale. 

The Companies' oil shale exploration work commenced 
in Queensland in 1973 and the joint interest of SI'? 
and CPM Is now centered on eight oil shale deposits 
in which total in situ resources of shale oil ap-
proximate 27 billion barrels. The two Companies' 
net interest in these resources amounts to 20 billion 
barrels. 

The location of these Queensland Tertiary oil shales, 
discovered by SI'? and CPM, provides many ad- 
vantages not found elsewhere In the world. They 
are close to Infrastructure including power, water, 
port facilities and are suitable for cost-effective, 
surface mining. The combination of these factors 
creates the most economically attractive oil shale 
resources in the world. 

SI'? and CPM, together with their co-venturers, have 
been involved in twelve years' studies with 15 major 
technical groups in five countries at a total expen-
diture of more than $150 million. This work con-
tinues and provides a solid foundation for the future 
Australian shale oil industry. 

Chairman Report 

The year 1988 saw the crystallization of several Im-
portant areas of the oil shale processing research 
which has been carried out by SPP/CPM during the 
1980's. In the 1980's, SPP/CPM have been principally 
a technology research organization as compared to 
the oil shale exploration group they were In the 
1970's. During the 1970's the companies explored 
for and found more than 20 billion barrels of high 
quality oil shale reserves near the coast of 
Queensland, and in the 1980's they have in various 
ways participated In research and development In oil 
shale technology. Efforts of the 1970's led to the 
establishment of substantial resources in the ground 
and the 1980's to a substantial inhouse data bank on 
all shale technology. This covers not only Australia 
but also the United States, South America, Canada, 
Europe and Japan. 

The most important developments in 1988 sprang 
from a continuation of ongoing costing and evalua-
tion of the Alberta Oil Sands Technology and 
Research Authority (AOSTRA) Tacluk oil shale retort 
--a project of AOSTRA and UMATAC Industrial 
Processes (UMATAC).

3. While the oil yield	 is	 five	 to ten	 percent 
less than for a	 fluidized	 bed, the	 resulting 
shale oil Is	 significantly lower in	 Impurities. 
This results In cheaper upgrading costs.

Engineers from SPP/CPM and UMATAC have visited a 
number of machine shops and fabricators in the 
Gladstone area to investigate costs and this has 
upgraded the accuracy of the cost estimates. 

The conclusion from these studies Is that the cost 
of processing oil shale through an AOSTRA Taciuk 
retort for the Stuart deposit is about half the cost 
of a fluidized bed unit. 

In Figure 1, the summary of capital cost estimates 
over the last few years Illustrates how technology Is 
steadily improving the economics of Australian shale 
oil production. The cost data are in constant 1987 
dollars.

FIGURE 1 
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Further reductions in costs would also appear to be 
forthcoming from: 

- Scale up in size of the AOSTRA Tacluk 
retort 

- The application of "designer" catalysts for 
upgrading 

- Plant improvements based on actual field 
operation of a commercial demonstration 
plant at Stuart. 

In assessing commercial aspects of an oil shale in-
dustry in Australia, 1988 saw several important 
developments. With the continuing decline in oil 
production from the Gippsland Basin fields, Australia's 
dominant oil producing area, Australia became a net 
importer of OIL 

By the end of 1988, Australia had a net import 
demand of close to 100,000 barrels per day. This 
Is In keeping with previous forecasts which indicate 
that within five years Australia will be importing 
240,000 barrels per day, 40 percent of its oil re-
quirements. 

This prospect is particularly significant as it will in-
crease Australia's rapidly growing balance of pay-
ments deficit. 

Australia's	 balance of	 payments deficit	 measured 
against Gross	 Domestic	 Product Is	 significantly 
greater than	 the United	 States deficit	 measured 
against the United States Gross National Product.

Smart Project 

The Stuart work program, during 1988, remained the 
principal focus of the Companies' oil shale effort. 
Work towards the objective of constructing the first 
shale all production module progressed on a wide 
range of activities. 

Evaluation of the engineering studies on a series of 
sizes for the initial plant was completed with the 
resultant project definition being based on 6,000 
tonnes of Kerosene Creek oil shale feed per stream 
day. In order to contain initial costs the proposed 
plant will include limited low-cost upgrading 
facilities and production will comprise hydrogenated 
naphtha and middle and light fuel oils. 

The Taciuk process technology was developed 
Primarily for the simultaneous extraction and primary 
upgrading of oil sands in Canada, and has been 
adapted to process oil shale. Successful tests of 
Stuart oil shale through the 80 tonne per day pilot 
plant In Calgary in 1987, have provided the basis of 
plant design for the Stuart development. 

In May 1988, CPM/SPP and AOSTRA signed a technol-
ogy agreement which grants CPM/SPP, upon electing 
to proceed with construction of a plant at Stuart 
within a predetermined period of time, license fee-
free use of the technology for world-wide oil shale 
application. In addition, CPM/SPP will have the ex-

clusive right to license the technology to third 
parties in Australia and will share with AOSTRA the 
proceeds from world-wide licensing of the technology 
for oil shale applications. 

Other activities relating to the Stuart Project during 
1988 included: 

- The development of a detailed data base for 
subsequent mine planning of the initial 
open-cut pit. 

- An independent audit of the oil shale 
resource. 

- Studies undertaken to support the chosen 
project definition In relation to modification 
of the proposed condensation tower; combus-
tion testing to confirm characteristies of the 
liquid product in commercial use; oil fraction 
testwork for compatibility and finished 
product yield when co-processed with equiv-
alent conventional crude oil fractions in 
refinery unit operations; slope stability and 
groundwater investigation for mine planning. 

Preparatory work has progressed toward the Govern-
ment approvals required for the change of status of 
the tenements to a liming Lease. This has included 
the acquisition of certain surface rights and the 
continuation of supporting environmental programs. 
Figure 2 shows the staged development concept. 

FIGURE 2 
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Rimdle Project 

As Operator, with a 50 percent Interest In the 
Rundle Project, Ease Exploration and Production 
Australia Inc. has conducted over the last three 
years, a range of studies concerned with process 
research, solids waste management and environmental 
planning. This work formed the basis to update the 
1984 Rundle Commercialization Study. 
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Candor Project 

The Japan Oil Shale Engineering Corporation has 
completed the testing of 17,000 tonnes of Condor oil 
shale through Its 300 tonne per day retort pilot 
plant near Fukuoka, Japan. The Japanese consortium 
reports satisfactory recoveries of oil, enabling it to 
express confidence in the processing technology. 
The data provided by the test program can be later 
used to support design of a commercial scale plant. 

CPM/SPP maintain 100 percent interest in the Condor 
deposit. 

As part of CPM/SPP's ongoing work toward develop-
ment, the Companies have recently shipped a sample 
of Condor shale to Canada where AOSTRA has been 
contracted to undertake a batch testing program. 
This will examine the shale's performance in 
AOSTRA's Taciuk Processor, the some unit that has 
been designed for treatment of Stuart shales. 

Test results am due in mid-1989 and will provide 
technical information from which to prepare a 
preliminary system design and cost estimates. 

Yamaha Project 

In December, 1988 it was announced that The Shell 
Company of Australia Ltd. (Shell) had entered the 
Yaamba Joint Venture by acquiring half of the inter-
est previously held by Peabody Australia fly. Ltd. 
(Peabody).	 The holdings of the joint venturers are
now: 

Peabody Australia Pty. Ltd. 	 41.67% 
The Shell Company of Australia Ltd.	 41.67% 
Southern Pacific Petroleum N. L.	 3.33% 
Central Pacific Minerals N. L.	 3.33% 
Beloba Pty. Ltd.	 10.00% 

(Beloba Pty. Ltd. Is owned by SPP--50 percent; 
CPM--50 percent) 

Shell has said that its acquisition will provide a 
focus for the Company's oil shale research. The 
Yaamba deposit has been shown to contain in situ 
shale oil resources of 4.1 billion barrels, located in 
two adjacent geological basins known as Yaamba and 
Herbert Creek. 

Extensive deposits of magnesite have also been 
delineated within the Joint Venture area adjacent to 
the principal oil shale deposits. 

During 1988 oil shale activities by Peabody, as 
Manager, involved the extraction of samples for 
small scale testing and the drilling of four holes for 
further resource delineation. Heavy rains in the 
region earlier in the year also provided the oppor-
tunity to gather abnormal stream flow data of value 
to future project planning. 

Nagoorin Oil Shale Deposit 
Nagoorin Saab Oil Shale Deposit 
Lowmead Oil Shale Deposit 
Duariaga Oil Shale Deposit

Research, development and engineering effort has 
continued on the above deposits.	 Results have 
steadily and progressively accumulated. A two-year 
experimental program (on comparative reactor studies) 
at the CS1RO Division of Fuel Technology with sup-
port from the National Energy Research Development 
and Demonstration Program has been completed. This 
program studied different reactor types for the 
drying, retorting and combustion processes to assist 
plant engineering and cost minimization. Oil shale 
samples from the four deposits were included in this 
program. 

Preliminary characterization studies on reactions of 
the minerals in these oil shales during retorting and 
combustion progressed. Such reactions are important 
as they affect the energy input to retorting and 
combustion, and hence capital and operating costs. 

Overseas Oil Shale 

The Companies' holdings of oil shale permits in 
Luxembourg and West Germany and its leases in Ken-
tucky, United States, are being maintained at low 
annual cost on a care and maintenance basis. 

Summary of OR Shale UolSngs 

A summary of SPP/CPM's oil shale interests is 
provided in Table 1 and Figure 3. 

FIGURE 3 
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Képpel 50 50 
Victor 50 50 
Swizel 50 50 
Zamia 50 50 
Baldwin 50 50 
Slater 50 50 
Styx River 50 50 
Bream 50 50 
Rundle 25 25	 50 
Stuart 50 50 
Calliope 50 50 
Condor 50 50 
Nagoorin 25 25 
Nagoorin South 50 50 
Lasnad 25 25 
Yamtha 8.33 8.33 
Duaringa 50 50 

United States 
Means Project, Kentucky 50 50 

Europe 
Germany, Springe 50 50 
Luxembourg 25 25

25	 25 

25	 25 
41.67 41.67

50 

TABLE 

OIL SHALE INTERESTS 

Joint Venturers' Percentage Interest 
Queensland	 1	 2	 3	 4	 5	 6	 7	 8 

Joint Venture Participants 
1. Southern Pacific Pet ro learn N.L. (and Associated Ccnpanles) 
2. Central Pacific Minerals N.L. (and Associated Corpanies) 
3. Ease Exploration & Production Australia Inc. 
4. Peabody Australia Pty. Ltd. 
5. The Shell Carpany of Australia Ltd. 
6. Esperance Minerals N.L. 
7. Greenvale Mining N.L. 
8. Arbed SA 

CSIRO CONTINUES OIL SHALE RESEARCH PROGRAM 

The Division of Fuel Technology of Australia 
Commonwealth Scientific and Industrial Research Or-
ganization (CSIRO) recently issued its first-ever An-
nual Report which summarizes, among others, the 
Division's oil shale research program. 

The Tertiary oil shale deposits of eastern Queensland 
contain the equivalent of ten times the remaining 
reserves of Bass Strait petroleum. They offer one 
of the best prospects for producing synthetic liquid 
fuels to replace the declining supplies from 
Australia's Indigenous petroleum reserves.

The comprehensive oil shale research program at 
CSIRO is aimed at: 

- Generating a comprehensive data base on the 
processing characteristics of Australian all 
shales, and 

- Developing appropriate reactor and integrated 
processing systems. 

Funding in this area has been provided by Esperance 
Minerals N.L./GSenvale Mining N.L., Esso Australia 
Ltd., National Energy Research, Development and 
Demonstration Program Grant, and Southern Pacific 
Petroleum N.L./Central Pacific Minerals N.L. 
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Mineral Reactions 

The chemical reactions which occur during retorting 
and combustion affect the amount of heat required 
to maintain the process. 

The Tertiary oil shales of Queensland contain distinc-
tive clay and iron carbonates. CSIRO has charac-
terized the reactivity of these minerals during the 
major processing steps of preheating, retorting and 
combustion. Work has concentrated on Rundle/Stuart, 
Condor and Duaringa deposits with indicative studies 
on Nagoorin, Nagoorin South, Yaamba and l.owmead 
deposits. 

The results show that smectite clay and siderite 
type minerals have unusual and variable compositions. 
They are generally decomposed and consume energy 
during retorting but, by varying the operating condi-
tions, decomposition can be avoided. 

Based on these Initial findings CSIRO plans to do 
further studies of process variables and shale types. 
In future work they will look at the influence of 
mineral content on oil yield and quality. 

Pollutant Gases 

During retorting and combustion there are many 
gas-solid reactions. Of particular concern is the 
role of these reactions In the control of noxious 
gases. 

Hydrogen sulfide gas, produced in the retort, needs 
to be controlled and it Is important to understand 
how it reacts with the combusted shale minerals. 
Studies show that iron oxides in the recycled com-
busted Rundle shale react fast and effectively to 
remove hydrogen sulfide under dry conditions, but 
not when steam is present. Because steam may be 
used to improve retorting, this poses a problem for 
sulfide control. Calcium oxide can remove hydrogen 
sulfide even with steam present but Rundle shale has 
little of this mineral after combustion at high tem-
peratures. CaIRO has shown, however, that Rundle 
shale does not release much of its hydrogen sulfide 
until temperatures higher than those required for oil 
production are reached. This is significantly dif-
ferent from United States Green River shale, for ex-
ample, where oil and hydrogen sulfide are released 
at similar temperatures. This characteristic of 
Rundle shale implies that control of hydrogen sulfide 
emission can be achieved by minimizing the retort 
temperature. 

In 1989 a further two-year study of gas/mineral in-
teractions in drying and combustion operations will 
Co mme nce. 

Reactor Modeling 

CSIRO has been studying the rates of basic reactions 
which occur during oil shale processing in small 
scale reactors using one to three gram samples. 
Bench-scale rigs (50 millimeter diameter, 10 grams 
per minute shale feed rate) and process development 
units (150 millimeter diameter, 20 kilograms per

hour) are used to test the effect of operating con-
ditions and reactor configurations. Computer 
programs are used to analyze the experimental data 
to ascertain the operating conditions in an actual 
plant. Preliminary work has demonstrated the ability 
to predict reactor performance from basic reaction 
rate data. 

Over the past year research has highlighted the im-
pact of processing conditions on oil yields, and the 
relationship between the conversion achieved and the 
quality of the oil produced. CSIRO is investigating 
the use of short residence time retorting to reduce 
oil losses from side reactions. 	 - 

In the combustion process, it appears that high tem-
peratures improve overall process efficiency and they 
are now extending reaction rate studies to provide 
data at these higher temperature levels. 

While much of the work to date has looked at the 
various processing stages in isolation, the current 
program, which will continue until the end of 1980, 
is investigating the interactions which would occur 
between processing units in an integrated facility. 
This work should result in more efficient processing 
of Australian oil shales, and overcome some of the 
problems which currently restrict the yields achieved. 

Chemical ArmJyBb of Shale Oils 

In this area, CaIRO has been studying the charac-
teristics of the oil produced after retorting, to 
determine-

- How variations in retorting conditions affect 
the chemical composition of the resulting oil 

- The relative upgrading costs of shale oils 
based on their chemical composition 

- The mechanism by which shale oils degrade 
during storage at ambient temperatures. 

It	 has	 been found	 that	 cracking	 and coking each 
produce	 chemically	 distinct	 oils.	 As cracking and 
coking	 within the	 retort	 is	 a	 major cause of oil 
loss,	 this	 difference	 is	 useful	 in assessing	 the per-
formance	 of retorts.	 Coking	 during retorting can 
also	 lead	 to significant	 Increases	 in the	 cost	 of 
upgrading the resulting oil.

Certain compounds in shale oil may not be stable; 
some may exist for only one day. A major cause of 
degradation is oxidation which is accelerated by 
light. Oxidation leads to precipitation of gums and 
a large increase in the oxygen content of the oil, 
both of which make it difficult and expensive to 
upgrade the oil. 

In future work, CaIRO alms to prevent or reduce the 
degradation of oil, and also to determine the effect 
of oil composition on the rate at which catalysts 
become deactivated during hydrotreating, one of the 
key stages in upgrading oil. 
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GOVERNMENT 

HOUSE OF REPRESENTATIVES PASSES OIL SHALE LAND 
BILL 

Legislation that would end the controversial patent-
ing of federal oil shale property for $2.50 an acre 
passed the House Committee on Interior and Insular 
Affairs In May, and then the full House of 
Representatives, despite opposition from Republicans 
and mining interests. 

The bill, sponsored by Representative Ben Nighthorse 
Campbell, a Colorado Democrat, would bar any new 
transfers on 79 percent of the 253,000 acres 
remaining in dispute. 

Most of the shale land Has In western Colorado, 
with scattered tracts in Utah and Wyoming. The 
federal mining law gives claim holders the right to 
patent the land for $2.50 an acre, alter making 
mining-related Improvements of $100 a year. 

The compromise bill sets three categories of oil 
shale claims that were filed prior to 1920 under the 
1872 mining law. 

The first category, 48 claims totaling over 
7,200 acres In Colorado, are those for which all the 
paper work to patent the claim had been completed 
by January 24, 1989.	 Those claimants would get
title to their claims. 

The next category, 119 claim covering 18,000 acres 
in the state, is for claims In which applications for 
patents had been made before January 24, but all of 
the necessary work hasn't been completed. 

Claimants In this group would have the option of 
convening their claims to 20-year leases, 	 If they

wanted to obtain a patent	 for the land,	 they	 could 
do	 so but only	 receive	 title to the	 subsurface 
rights, and they	 would have to pay $2,000	 an acre 
instead of the	 $2.50	 an	 acre set under	 the	 1872 
law. 

In the final category, on which no application was 
made by January 24, the lands would remain public, 
including 353 claims totaling 56,480 acres In 
Colorado. 

The Campbell bill would boost the purchase price to 
$2,000 an acre, and the minimum investment to 
$5,000 a year, for another 18 percent of the claims. 
Sales could continue as before, under the bill, on 
the remaining three percent of the property. 

Campbell promoted his	 measure,	 which	 was	 sent	 to 
the	 full House on a	 voice	 vote, as a workable com-
promise for halting what he called the	 "privatization 
of public lands at bargain basement prices."

But, contending mining interests were being short-
changed, Representative Larry Craig, an Idaho 
Republican, argued that claim holders should have 
more time to file for ownership. Craig's amendment 
was defeated on a 68 vote. 

Craig also urged the $2,000-an-acre price be 
lowered substantially. But he withdrew the amend-
ment to cut the fee once It became clear his plan 
would be rejected. 

Environmental groups had favored stringent provisions, 
leaving little or no public land available. 
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ENERGY POLICY AND FORECASTS 

IS THE WEST CRIPPLED BY iTS RESOURCES? 

Many environmentally-oriented people are opposed to 
oil shale development simply on the grounds of the 
disturbance to land and water systems. They believe 
there should be other ways for society to supply its 
material needs. However, others try to cast oil 
shale as a permanent financial boondoggle because it 
is a low-grade resource compared, to petroleum. 
These arguments overlook the basic fact that society 
continually moves to the utilization of lower-grade 
resources In all areas as the easily-recovered high 
grade resources are gradually exhausted. A 
straightforward economic analysis will determine 
when it becomes feasible to begin developing the 
low grade resource. 

There is also a certain body of opinion which says 
that the very idea of natural resource development 
is a handicap to be overcome. In order to under-
stand better those arguments and how they may in-
hibit the development of oil shale, we print below 
some excerpts from an editorial which appeared 
recently in High Country News, titled "The West is 
Crippled By Its Resources." 

Oil shale is to the West what base metals were to 
medieval alchemists. The latter hoped to turn lead 
Into gold. Oil shalers hope to turn rock into oil. 

Although history shows that oil shale is a dead end, 
the West remains interested in it. Perhaps that is 
because oil shale will always be with us. Oil and 
natural gas, because they are legitimate resources, 
will someday be used up. But we will never be rid 
of oil shale. Before it is needed, conservation, new 
technology or simply doing without will make more 
economic sense.	 - 

Although common as dirt in parts of Colorado, 
Wyoming and Utah, oil shale has never been an 
economic source of energy in the 20th century, and 
It has been the center of numerous arguments and 
brawls. The current oil shale "Issue" Is whether 
Lem of thousands of acres of publicly owned land 
containing oil shale should be turned over to the 
families of those who laid claim to the land before 
1920 or to those who bought claims from the 
stakers.	 The holders of the claims would gain the 
land for a filing fee of $2.50 an acre. 

The history of this question alone fills several 
Library shelves. But the most recent interesting 
event connected with these claims was the defeat of 
the western Colorado congressman Mike Strang in 
1986, one of the very rare defeats of an Incumbent 
congressman that year. A key factor in the elec-
tion was his support of the private parties who 
claimed the land. 

Strang was voted out by western Colorado residents 
--people who themselves cut subsidized federal logs,

turn subsidized federal water onto their pastures, 
and burn federal coal in power plants built with 
federally subsidized, low-Interest loans. Why then 
would they turn on Strang for backing privatization 
of oil shale lands? 

It	 may be	 that	 Strang didn't	 grasp	 the rules that 
govern this	 subsidy	 game. There	 is	 a code about 
how	 one may rob the federal	 government,	 and	 the 
patenting	 of	 the	 oil shale lands	 violated that code. 
It	 was too	 blatant	 and cast a shadow on the other 
subsidy games the West delights in.

There was also neighborly jealousy--people who must 
graze cows and cut trees as part of their subsidies 
were angered at the nature of the oil shale land 
giveaway. As a result, Republican Strang was voted 
out and Democrat Ben Nighthorse Campbell was In. 

Whatever they say, all of them implicitly act out 
the usual Western attitude that the public land is 
there to enrich certain Individuals or corporations, 
whatever the cost to the greater public interest. 

It should be understood that there is nothing unusual 
about the oil shale lands case except In the 
publicity It Is attracting. The mining law is not 
much different than the laws that govern logging, 
grazing, water development and every other federally 
owned resource. 

The existence of these resources has resulted in 
great environmental damage to the public lands. 
What generally escapes notice is that they have 
done even more damage to the West as a society, 
making It a place which gives its largest rewards to 
treasure seekers and political manipulators. These 
resources have turned the region away from hard, 
honest work and toward a search after windfalls. 

It Is in this sense that oil shale, and even the 
West's real resources, are a curse on the place. 
They prevent the West from getting down to real 
work. As a result of these so-called resources, we 
elect officials whose main talent is the manipulation 
of the public lands. Westerners inclined toward 
honest work must, in self defense, either )in the 
search for treasure or bend their energies to 
preventing the stealing. 	 It divides the region into 
reformers and looters, with little in between. 

Does this mean there is no hope for the West until 
its resources are exhausted, its air fouled, and its 
water polluted or in pipes flowing to California? 
Will we only then get down to real work? Or, less 
apocalyptically, does our hope lie with the world's 
diminishing appetite for commodities? If that 
decline continues, can we expect that someday even 
the dullest, greediest among us will stop treasure 
hunting? 

My bet is that neither event will stop treasure 
hunting. The continuing pursuit of oil shale shows 
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that when economic, usable resources are gone, base 
metals such as oil shale will be pursued. 

The only realistic hope Is that Westerners will come 
to understand that the region's natural resources 
have held it back. We must realize that these 
natural resources have become, as we approach the 
21st century, termite-ridden crutches. They are our 
handicap--they are the single factor that keeps the 
West in poor economic and social shape. 

Writer Wallace Stegner has a rule of thumb: 	 The 
more and a state,	 the worse its congressional

delegation.	 I have a corollary to that rule:	 The
more a state Is "blessed" with natural resources, the 
worse off it will be economically, 	 socially and
politically. 

No wonder we envy the Japanese, blessed as they 
are by an almost total lack of natural resources, 
and therefore forced, unlike this blustery region, to 
be independent, creative and self-supporting. 

Editorial by Ed Marston. 
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ECONOMICS 

SHALE OIL ASPHALT BLEND A PROMISING NICHE 
MARK El 

The Niche Market Concept 

For the past 25 years, most oil shale development 
efforts in the United States have been focused on 
large projects,	 with a potential production of 
50,000 barrels per day or more. With projects of 
this size, only the markets for petroleum fuels are 
large enough to accept the shale oil production. 
Therefore, the emphasis has been on upgrading and 
refining shale oil to fit those markets. However, 
shale oil industries which were established in other 
parts of the world were able to find or maintain a 
market position by providing a variety of specialty 
products. 

A historical review of world oil shale industries 
revealed that nonfuel products or byproducts have 
been essential features of the most important oil 
shale industries which existed in the past. 
Byproducts accounted for up to 60 percent of total 
Income (Sweden). Major byproducts which have been 
produced include bricks from spent shale, ammonia, 
sulfur, ammonium sulfate, waxes, lubricants, wood 
preservatives, liquefied petroleum gases, coke, sol-
vents, medicinal products, cement, asphalt, eresylie 
acids, and other tar acids. 

Many previous studies have shown the difficulties 
faced in producing large amounts of shale oil in the 
United States. Raw shale oil is not an acceptable 
feedstock to petroleum refineries and there are not 
enough users of heavy fuel oil in the western oil 
shale region to provide a dependable market. The 
only alternatives are to hydrotreat the oil, or else 
ship it long distances to a larger market area. 
Either of these alternatives results in a cost penalty 
of several dollars per barrel. The net price 
received for raw shale oil at the plant would be 
several dollars per barrel less than the world price 
for crude oil. 

A different approach was proposed in a study by 
J. E. Sinor Consultants. instead of attempting to 
enter the large-volume petroleum products market, it 
was hypothesized that a small shale oil facility 
might be able to produce specialty products with a 
high enough average value to absorb the high costs 
of shipping small quantities to distant markets and 
still provide a higher netback to the plant site than 
sales to the conventional petroleum products market. 
This approach, rather than attempting to refine shale 
oil or to modify its characteristics to satisfy the 
specifications for petroleum feedstocks or products, 
focuses instead on those particular characteristics 
which distinguish shale oil from petroleum, and at-
tempts to identify applications which would justify a 
premium value for those distinctive characteristics. 

A historical example of a niche market, or specialty 
market, was the early development of the oil shale

Industry in New South Wales, Australia. In about 
1865, torbanite from New South Wales was studied 
and it was discovered that only a five percent addi-
tion of this unusually rich shale (180 gallons per 
ton) to coal would increase the luminosity of 
producer gas by a factor of six. Producer gas was 
being widely used for illumination at that time. 

As a result, an industry developed in New South 
Wales, mining and selling the richest shale (80 to 
200 gallons per ton), called "export shale," to the 
United States and Europe. The lower quality shales 
(less than 80 gallons per ton) were retorted locally 
for production of liquid fuels and related products. 
The torbanites of Australia became known as 
kerosene shales. Eventually the invention of the in-
candescent mantle, in 1911, ended the export market 
for raw oil shale. 

A niche market, by definition, is a small market re- 
quiring product specifications or characteristics which 
can be met only by a particular producer or 
product. That product can then command a premium 
price. 

Shale Oil As Asphalt Blending Material 

Early work by the United States Bureau of Mines 
byproducts group showed that vacuum distillation of 
crude shale oil would produce a residue meeting 
most asphalt specifications. It failed the oliensis 
and modified oliensis spot tests, which are an in-
dication of previous cracking. It contained more 
wax but less sulfur than most petroleum asphalts. 
Experiments with air blowing of crude shale oil 
showed that asphalt could also be produced in this 
way. An asphalt roadway laid down at the Anvil 
Points experiment station was still in good shape 30 
years later. 

More recent work at different institutions in the 
United States has shown that various shale oil frac-
tions are highly effective in producing an asphalt 
which is resistant to moisture damage during 
freeze/thaw cycles. Shale oil has also been tested 
as an asphalt pavement recycling agent. 

It has been found that shale oil asphalt can be 
produced by conventional methods in acceptable 
grades for highway paving mixtures. The adhesive 
properties of the shale oil asphalt compare favorably 
with those of petroleum asphalts, and it is much 
more resistant to damage by water. 

The superior resistance to moisture damage which is 
exhibited by shale oil asphalts appears to be related 
to the nitrogen-containing compounds, but to date It 
has not been possible to identify a specific fraction. 

Value. Of Shale Oil As An Athalt Blend 

Work with shale oil at Texas A&M University as 
early as 1977 pointed to basic nitrogen compounds in 

2-12	 SYNTHETIC FUELS REPORT, JUNE 1989



the shale oil as being responsible for improved resis-
tance to moisture damage. The Texas A&M work 
was later extended by Western Research Institute 
(WRI).	 Will specifically investigated the strength of
the nitrogen compound-aggregate bond and its resis-
tance to water-Induced weakening. One of the 
major causes of asphalt pavement failure is moisture 
induced damage. Moisture and repeated freeze-thaw 
cycles tend to break apart asphalt pavement. 11111 
has been granted United States Patent 4,325,738 
"Fertiary Nitrogen Heterocyclic Material to Reduce 
Moisture-Induced Damage in Asphalt Aggregate 
Mixture," 

A comparison of the number of freeze-thaw cycles 
in the Water Susceptibility Test required to Induce 
failure clearly showed the superiority of shale oil 
over petroleum. Briquets made from petroleum-
thrived asphalt failed In a maximum of seven 
freeze-thaw cycles, while the shale-oil-derived bri-
quet showed no signs of failure after 100 cycles. 

If the life of asphalt paving can be extended by 
using a shale oil blend, then the incremental value 
can be assigned to the shale oil. 

Asphaltic concrete used in highway construction con-
sists of about four to six percent bitumen and 94 to 
96 percent aggregate. Typical laid-down costs in 
Colorado in 1988 were $21 per ton for hot-mix as-
phaltic concrete and $150 per ton for bitumen. 
Thus the bitumen accounts for about 36 percent of 
the total laid-down cost. 

Therefore, If an improved bitumen blend results In a 
10 percent longer pavement life, then the value of 
the bitumen Is Increased by 28 percent. If the im-
proved blend was achieved by blending 20 percent 
shale-derived bitumen with 80 percent conventional 
bitumen, then the value assigned to the shale-
thrived material could be three times that of the 
petroleum-derived material. The results of a series 
of such calculations are presented in Figure 1. It 
shows that shale asphalt values of over $70 per 
barrel can be achieved for a five percent pavement 
life Increase with a 10 percent blend. For a 
7.5 percent life increase, the value goes up to 
$100 per barrel. 

The value assigned In Figure 1 Is actually very con-
servative because it considers only the material cost 
of the asphaltic concrete. Other large benefits will 
arise from longer pavement life. They include less 
frequent Interruption of traffic for pavement resur-
facing, and less wear and tear on vehicles due to 
pavement being in good condition for a larger frac-
tion of its total lifetime. The cost to the public of 
traffic delays for resurfacing has been calculated to 
be equal to or greater than the material cost of 
the paving itself In many cases. This means that 
the true value to society of a shale oil blend could 
be even much higher than the $70 per barrel quoted 
earlier.

FIGURE 1 
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Asphalt Market Fair A Wtem OR Shale Project 

By far the greatest end use for asphalt, 75-80 per-
cent, Is asphaltic concrete for roads and streets. 
The points of consumption for asphalt are constantly 
changing and geographically widely distributed. Be-
cause It must be transported hot and In batches, 
transportation costs are high, and shale-derived as-
phalt Is likely to be used only within a radius of a 
few hundred miles from the plant. For a shale oil 
project located In northwestern Colorado, the total 
asphalt market as a function of distance from the 
plant is indicated in Figure 2. 

FIGURE 2 
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Shale oil will never be a complete replacement for 
petroleum bitumen. If It were used as a complete 
replacement, its value over petroleum would only be 
In direct proportion to the increase in pavement 
life. As illustrated earlier, sale as a blend makes it 
possible to achieve much higher values. If only the 
three-state Colorado, Utah, Wyoming market Is con- 
sidered then Figure 3 gives the size of a shale oil 
asphalt plant which could be built, as a function of 
the amount of a shale oil in the blend. This as-
sumes that the entire asphalt market which is life 
cycle cost sensitive could be captured, but of course 
not all of the market is life cycle cost sensitive. 
If it is assumed that half the total market would be 
sensitive to life cycle cost analysis, and that about 
50 percent of the raw shale oil could be converted 
to an asphalt blendstock, then Figure 3 gives the 
maximum crude shale oil production which would be 
feasible as a function of blending level in asphalt. 
The latter assumption depends upon the retorting 
process used, and upon the material with which the 
shale oil is blended. Although the fraction of total 
shale oil meeting asphalt viscosity specifications can 
be Increased by oxidative procedures such as air 
blowing, this Is not generally recommended. If the 
petroleum bitumen base stock is a deeper than nor-

FIGURE 3 
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mal refinery cut, such as an AC-40 grade, then a 
less viscous (and therefore larger fraction of the to-
tal) cut of shale oil can be blended in. Although 
asphalt-producing refineries in the Rocky Mountain 
region do not normally produce an AC-40 grade, it 
Is believed that they could do so if the market 
were present. Then a retort which produces a 
heavy product, such as the inclined fluid bed retort 
being developed by Will, could probably convert 
50 percent of its output to asphalt blendstock. 

It may be concluded that 2,000 barrels of raw shale 
oil per day would provide most of the asphalt 
biendstock which could be marketed in the three-
state region. 

Niche Assessment 

The production of a shale oil modified asphalt meets 
all the requirements of an exploitable market niche. 
There is clearly a demand for asphalt paving for-
mulations; which demonstrate Improved road life. 
Shale oil appears to be a potential source of such a 
formulation. No immediate competitors offering 
equivalent performance are known. The relationship 
between the cost of bitumen and the total laid-down 
cost of asphalt paving makes It possible to justify a 
large premium for bitumen with Improved perfor-
mance. 

The latter point Is confirmed by the test strip es-
tablished by New Paraho Corporation in Utah. A 
shale oil modified asphalt is being evaluated against 
a rubberized asphalt. The cost of the rubberized 
asphalt was $240 per ton versus a current cost for 
conventional asphalt of $140 per ton. Paying the 
same price for the shale oil modified asphalt blend 
(at 25 percent shale oil) would be equivalent to 
paying $90 per barrel for the shale oil asphalt. 

Within the primary three-state region, shale oil 
should be able to establish a strong market position 
at this price level. A marketing radius of 
1,000 miles or more should be feasible. 

For this market niche to develop highway test strips 
must first prove that shale oil modified asphalt will 
provide longer paving life. Then state highway 
departments must be persuaded to specify such 
longer life paving in their purchase contracts. 
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TECHNOLOGY 

TEXACO FLASH HYDRO1DRTING PROCESS GIVES HIGH 
Oil. YIELD 

Flash retorting of Colorado oil shale in a hydrogen 
atmosphere was first studied at Texaco some 
25 years ago. However, more recent work com-
pleted in 1985 is little known. It was reported by 
M. HcMahon at the 22nd Oil Shale Symposium that 
oil yields of up to 130 percent of Fischer Assay 
were obtained. 

A simplified diagram of the process used in the 
original work Is shown in Figure 1. In the process, 
a 60-65 weight percent oil shale/shale oil slurry was 
mixed with hydrogen and pumped through and 
pyrolyzed in a gas fired tubular furnace at tempera-
tures ranging from 480 0C to 5400 C and pressures 
from 2,200-5,000 kPa. The furnace tube consisted 
of a 160 meter length of 2.54 centimeter pipe. The 
residence time of the slurry in the furnace was in 
the range of one minute. The shale oil product 
was then separated from the shale residue in a 
countercurrent flow stripper utilizing a large volume 
(280-850 cubic meters per ton of shale) of hot 
(450-500 0 C) hydrogen gas. The products were then 
cooled and the oil and gas separated before the gas 
(hydrogen) was recycled to the process. Although 
this reaction system worked well, the large volume 
of hydrogen required for stripping, and the large 
pressure drop (up to 1,700 kPa) through the retorting 
reactor, dimmed its potential commercial value. 

FIGURE 1 
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In order to follow up on this work and to try to 
develop an Improved hydrotorting process, Texaco In-
itiated a systematic study of oil shale pyrolysis un-
der pressure using reactors which allowed the rapid

heat-up rates of the previous hydrotorting process. 
These reactors consisted of tubing bombs and a 
bench scale pressurized fluid bed system in which 
the product evolution rates could be measured 
directly as a function of time. 

The oil shale used was obtained from the Anvil 
Points Mine near Rifle, Colorado. 	 The oil content 
determined	 by	 Fischer	 Assay	 analysis	 was 
21.35 gallons per ton. Multiple thermogravimetrlc 
analysis indicated that it contained 14.13 weight 
percent organic material. All testing, except where 
particle size effects were studied, was done using a 
60 x 100 mesh grind size. 

The operating procedure for the pressurized fluid bed 
was as follows. After the system had been brought 
to the desired operating conditions (pressure, tem-
perature, gas throughput and gas atmosphere), the oil 
shale sample was Injected through the lockhopper 
Into the fluidized sand bed inside the reactor. The 
sample was Instantly heated to reactor temperature 
and pyrolyzed. The products were then quickly dis-
charged from the reactor by the fluidizing gas to 
the condenser and/or the hydrocarbon detector. 

Tubing Bomb Results 

The reaction conditions (temperature and pressure) 
for these experiments were selected to correspond 
with those used in the Texaco Hydrogen Retorting 
Process. The results of the tubing bomb experiments 
showed that the reaction Is complete In one minute 
or less, I.e., the insoluble kerogen Is convened to a 
soluble (extractable) form In one minute or less. 

Perhaps the most important result from the bomb 
experiments was that the initial kerogen decomposi-
tion was independent of the retorting atmosphere 
and that a reactive atmosphere such as hydrogen 
served only to minimize the subsequent degradation 
of the initial product. 

The bench scale fluidized bed system was con-
structed to overcome limitations of the tubing bomb 
reactors as well as to study the effect of different 
variables on hydrotorting rates at fast heating rates. 

Prntzed Fluid Bed Results 

Following testing of the fluid bed apparatus, the ini-
tial experiments were performed at the same condi-
tions (T510°C; P3,500 kPa; Gas11 2 /11e) as those 
used in the tubing bomb experiments. 

Decomposition rates appeared to be slower in the 
fluidized bed than In the tubing bombs and the flash 
hydrotorting pilot plant. This can be explained by 
the difference in the processes involved in each of 
the techniques. In the tubing bombs, the reaction 
was stopped after one minute, and although the 
product was soluble, It did not necessarily have to 
be in a form by which it could be easily volatilized 
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out of the reactor. In the fluid bed, however, the 
product had to be in a form such that it could 
readily be entrained from the reactor and to the 
detector. The combination of the bomb and these 
fluid bed results suggest that the initial decomposi-
tion of kerogen is very fast, but that additional 
time is required to either convert the initial decom-
position products to more volatile products or - to 
entrain these products from the reactor using gas 
stripping. 

To try to establish	 this	 mechanism, experiments were 
performed	 with	 the	 pressurized fluidized	 bed	 in 
which	 the	 oil	 shale	 was	 replaced with	 samples	 of 
shale	 oil	 adsorbed	 on	 alumina. Injection	 of	 the 
shale	 oil	 in	 this	 manner provided a	 material	 which 
was	 in	 a	 readily	 volatilized	 form, and only	 needed 
to	 be	 vaporized	 and/or	 cracked	 to	 remove	 it	 from 
the	 reactor.	 Thus,	 the	 comparison of	 the	 rates ob-
tained	 from	 these	 experiments	 with	 those	 obtained 
with	 the	 oil	 shale	 should	 provide an	 indication	 of 
the	 extent	 that	 the	 volatization and/or	 cracking 
processes control the overall retorting process.

It was found that the shale oil evolves from the 
alumina in two stages, and that the rates are almost 
twice those observed for oil shale. This observation 
suggests that the shale oil Is significantly lighter 
than the products of the initial kerogen decomposi-
tion and that the volatilization/cracking and/or strip-
ping of the apparently heavy kerogea decomposition 
products may be a major factor in controlling the 
overall reaction rates. 

This being the ease, it appears that in the Texaco 
Hydrotorting process the shale oil used to slurry the 
oil shale may have served as an extraction solvent 
for the initial kerogen decomposition products and 
facilitated their separation from the ash in the sub-
sequent stripping operation. 

Exploratory experiments were then performed using 
the fluid bed to evaluate the effect of various 
parameters on the hydrotorting rates. The variables 
studied were temperature, pressure, particle size and 
gas throughput.	 The results of these experiments 
show the hydrotorting rates increased only 
moderately with the temperature and pressure, while 
no particle size effect on the rates was detected. 

The results also show that temperature and pressure 
affect mainly the first stage of the decomposition, 
the initial rate doubling in both eases, but they 
have no effect on the second stage. The parameter 
which had the greatest effect on the overall rates 
was the gas throughput. 

Doubling the gas velocity through the reactor in-
creased the first stage rates by 40 percent and 
perhaps more importantly, doubled the rate in the 
second stage. Since increasing gas throughput would 
increase the stripping rate, these results again sup-
port the theory that volatilization Is the slow step 
in the process. These results also suggest that in 
the Texaco Hydrogen Retorting process, the large 
quantities of hot hydrogen were necessary to achieve 
good separation of the oil product from the oil

shale ash in the short period of time in which these 
were in contact in the stripper. 

Yield and Product Chnnetertzatiom 

Oil yield experiments with the fluid bed system were 
performed at 510 0 C and 3,500 kPn with a helium or 
hydrogen velocity of 340 centimeters per minute. 
The product distribution and oil analyses for these 
experiments are shown in Tables 1 and 2 respec-
tively.

TABLE I 

PRODUCT DISTRIBUTIONS WITH 
1ffIflt AND HELIUM 

3500 kPa	 3500 kPa 
Hydrogen	 Helium 

Oil	 84	 20 
Gas	 14	 62 
Coke	 2	 18 
%F.A.	 130	 35 

TABLE 2 

OIL PWIIJCFS PNflXI BY 

VARIOUS BEIIPG STST 

3500 kPa 3500 kPa 
Hydrogen Helium 
Fluid Bed Fluid Bed 

C 79.54 76.80 
H 8.33 8.74 
N 1.93 1.75 
C/H 9.55 8.79 

These data show that significantly different yields 
and product distributions were obtained. In 
hydrogen, oil yield was obtained at 130 percent of 
Fischer Assay, while in helium it was 35 percent. 
Higher yields of gas and coke were also observed In 
a helium atmosphere. 

NMR	 and	 C-la	 NMR data	 show that the oils 
produced under	 hydrogen	 are	 highly aromatic, and 
those made in helium more aliphatic. The high C/H 
ratio	 seen	 in	 the elemental	 analyses for the 
hydrogen	 retorted oil are	 consistent with the mag-
netic resonance data.

Simulated distillation data on the oils collected 
(Table 3) show that atmospheric oil from conven-
tional retorting is different, and also that it is more 
volatile and/or more stable than that Isolated from 
the pressurized fluid bed experiments. 
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DRY EXHAUST CONDITIONER TESTED IN UNOCAL MINE 

If large underground oil shale nines are developed 
long distances from the outcrop, large diesel equip- 
ment will have to be available which is certified for 
operation in gassy mines. 

In recognition of the proposed future level of oil 
shale mining, the potential inadequacy of existing 
equipment, and the lack of appropriate Mine Safety 
and Health Administration (MSIIA) certification and 
testing procedures for new special equipment, the 
United States Bureau of Mines (LISBM) sponsored a 
demonstration project which culminated in a field 
test at Unocal's Parachute Creek oil shale mine. 

Industry Requirements 

TABLE 3 

SIMULATED DISTILLATION OF
PRODUCT OILS

100 kPa 
3500 kPa	 3500	 kPa	 Cony. 

Vol.%	 Hydrogen	 Helium	 Retort 

20	 304	 364	 532 
40	 404	 443	 676 
60	 496	 -	 792 
80	 -	 -	 888 

Total Ree l %	 62	 56	 94

All of these results are consistent with a mechanism 
where hydrogen traps high molecular weight aromatic 
radicals, converting them to species which slowly 
vaporize and/or are stripped by the fluidizing gas, 
effecting higher oil yields. Importantly, this reac-
tion competes successfully with coke forming reac-
tions under hydrotorting conditions. 

Summary 

From a mechanistic viewpoint, Texaco's results indi-
cated that kerogen decomposes In two stages--a 
rapid first stage which converts the kerogen to a 
soluble organic product and a slower second stage 
Involving the volatilization and/or cracking of the 
product from the first stage. While the first stage 
rates and yields were not affected by the gas at-
mosphere, both were affected by gas atmosphere in 
the second stage. Study of other variables in a 
hydrogen atmosphere showed that the first stage 
rates increased with Increased temperature, pressure 
and gas throughput, while the rates in the second 
stage were only enhanced by Increased gas through-
puts. 

The overall findings of this work indicated that the 
processes involved In the Texaco Hydrogen Retorting 
process were as follows. The ground oil shale which 
Is fed to the process as a shale oil slurry is quickly 
heated to the reaction temperature in the retorting 
furnace. The kerogen then quickly decomposes to an 
extractable form which Is extracted from the ash by 
Vie slurrying shale oil. The turbulence in the retort 
tubes enhanced the extraction rates by effecting 
high mixing rates and disintegrating the oil shale. 
The ash/oil mixture Is then separated in the stripper 
by the large flow of hot hydrogen gas. It appears 
that without the large flow of gas, it would require 
four to seven minutes to achieve the same product 
recovery, Instead of the one minute achieved in that 
process. However, the large gas flow also minimizes 
product degradation to coke. For possible commer-
cial applications of hydrotorting, the various 
parameters (reaction time, yields, gas throughput, 
etc.) would have to be balanced to provide the most 
economical combination.

nfl

A 50,000 barrel per day shale oil project in the 
center of the Piceance Creek Basin would mine ap-
proximately 62,000 tons of oil shale utilizing about 
140 individual diesel-powered equipment units totaling 
approximately 62,000 Brake horsepower. At least a 
third of the fleet would consist of large diesel units 
of 600 to 900 horsepower that would equal over 
half the total fleet horsepower. 	 All diesel units
would be designed for operation In a methane en-
vironment. Diesel equipment using engines in the 
100 to 400 horsepower range, which would comprise 
two-thirds of the fleet, has already been approved 
by MSHA. The remaining third with diesel engines 
over 600 horsepower, would have to be designed to 
meet MSHA requirements. 

Oil shale mine operators determined that their diesel 
equipment fleet, equipped with water scrubbers, 
could not be operated safely or efficiently for the 
following reasons. 

- The peripheral vision of an operator would 
be seriously restricted due to the large 
water tank size required. 

- The tremendous amount of water vapor dis-
charged would create serious fog conditions 
during the winter months. 

- The water vapor discharged Into the mine 
atmosphere would reduce both the quality 
and quantity of air being delivered by the 
mine ventilation system. 

- Water scrubbers would have high capital and 
operating costs, especially water scrubbers 
for the larger diesel engines 
(>600 horsepower). 

The problems associated with the use of water 
scrubbers made it critical that an alternative diesel 
exhaust conditioner be developed. Dry-type exhaust 
conditioners for smaller type diesel engines and 
non-mining equipment have been available throughout 
the world for several years. 

Dry Exhaust Conditioning System 

The dry exhaust conditioning system tested in this 
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program consisted of all exhaust system components 
downstream of the engine turbocharger. The 
system's primary functions were to: 

- Maintain the exhaust system surface tempera-
tures at 400°F or less 

- Prevent flame propagation to the outside at-
mosphere 

- Cool the exhaust gas to at least 400°F 

- Extinguish incandescent exhaust particles 

Patented technology, marketed in the United States 
by Mine Craft, Inc. as the DRY SYSTEM, was chosen 
as the basis for the prototype tested in this 
program. The Mine Craft, Inc. DRY SYSTEM was 
commercially available in the 50 to 100 horsepower 
range and had successful application In gassy coal 
mines in Europe. 

The primary features of the system are: 

- Water-Jacketed components designed to con-
trol surface temperatures 

- A crimped-ribbon spark/flame arrester to 
prevent Ignition of an external combustible 
material or atmosphere 

- Tube-and-shell heat exchangers to cool the 
exhaust gas 

- A dedicated radiator and coolant circulation 
system to dissipate the additional heat ex-
tracted from the engine exhaust 

System Operating Requirements 

Operation of the heat extraction system in mine 
vehicles is complicated because of the large varia-
tion in operating duty cycle. Heat rejection 
capacity for the variable duty cycle must be much 
greater than the steady state heat production during 
full load in order to prevent heat soak-back at low 
load when the coolant circulation is at its lowest. 
At the same time, it was expected that maintaining 
exhaust gas exit temperatures above 275°F would be 
necessary to minimize the fouling of the heat ex-
changers and flame arresters by diesel particulates. 

The use of a 600 to 700 horsepower Caterpillar 
3412 DITA marine-type engine required a significant 
Increase in heat transfer capacity over the commer-
cially available DRY SYSTEM. System scaleup was 
simplified by utilizing three parallel circuits in the 
exhaust flow path. The approach was expected to 
provide flexibility in several areas: 

- Component sizes were not extremely different 
from those in standard systems with proven 
applications In European mines 

- Heat transfer specifications were well estab-
lished for the size range of heat exchangers 
selected

Use of demand-actuated butterfly valves was 
expected to allow the systemperformance to 
better match the variable duty cycle 

- Use of parallel, thermostatically-controlled 
heat exchangers allowed outlet gas tempera-
tures to be maintained above 275°F 

Component Design 

The heat exchangers and the flame/spark arresters 
were considered the most critical components of the 
system and required the most extensive design. 
Design was guided by considerations to make the 
system rugged to fit the mine environment and to 
minimize maintenance requirements. Fouling of the 
heat exchangers and plugging of the flame arresters 
by diesel particulates were foreseen to be the most 
serious problems in operation of the exhaust con-
ditioner system. The heat exchanger design and 
flame arrester package were selected to help mini-
mize  the fouling/plugging problem. 

The heat exchangers, shown in Figure 1, incorporated 
the following design features: 

- Tube-and-shell design to allow for easy 
cleaning 

- Temperature control to minimize particulate 
fouling 

- Compensation for thermal expansion 

- Gas-in-tube design for simpler jacketing 

FIGURE 1
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The DRY SYSTEM Incorporated a stacked, crimped-
ribbon flame/spark arrester, which contained up to 
70 percent open area to minimize back pressure and 
weight. 

Testing of Surface Temperature 

A surface temperature/cooling efficiency test was 
performed to verify that both the exhaust system 
surface temperatures and the exhaust gas entering 
the flame arrester did not exceed 400°F. A thin 
coating of temperature-sensitive paint was sprayed 
on all the exhaust system components. Surfaces ex-
ceeding 400°F would cause the paint to melt. 

Surface temperatures of direct components of the 
DRY SYSTEM remained below the 400°F limit. Small 
areas of the flanges connecting the engine tur-
bocharger, turboriser block, and exhaust manifold did 
exceed the surface temperature limit. These flanges 
would require redesign before being certifiable. 

In the dynamometer endurance test, fouling of the 
heat exchanger tubes was much more severe than 
anticipated and caused the final exhaust temperature 
to exceed the 400°F criterion. Exhaust gas tem-
perature varied over the eight hour duty cycle, as 
illustrated In Figure 2. 

FIGURE 2
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Exhaust gas temperatures out of the heat exchangers 
exceeded the 400°F criterion after 13 hours of the 
endurance test or roughly 36 hours of operating time 
from Its Initial clean state.

Field Tests 

The CAT 3412 engine and DRY SYSTEM were s:upped 
to Unocal's oil shale mine near Parachute, Colorado 
where the engine/exhaust conditioner system was 
retrofit Into a CAT 7738	 haul truck for In-mine 
testing.	 The internal tubes of the heat exchangers
and the flame arresters were cleaned prior to in-
stallation. The prototype DRY SYSTEM was con-
figured to mount immediately above the engine com-
partment. 

The CAT 7738 haul truck was used to transport 
blasted oil shale from the face to the underground 
crusher. Due to the limited development of the 
mine, the hauling distance was relatively short with 
the cycle time at full engine load limited to one 
and one-half to two minutes. Once the truck was 
in position, it idled for roughly three minutes while 
being loaded. Delays at the crusher often caused 
extensive time at idle, so that for each three to 
four minutes of operation under load, the engine 
spent between three to 35 minutes idling. 

The relatively light duty cycle was considerably dif-
ferent than the laboratory duty cycle and particulate 
plugging of the flame arresters was much worse. 
During two initial tests, the flame arresters were 
completely plugged after two and one-half hours of 
operation. The excessive plugging was found to be 
accentuated by freezing temperatures In the mine 
and by Improper adjustment of the Air Fuel Ratio 
Controller (AFRC). After readjusting the AFRC the 
truck was operated over four shifts. The change In 
back pressure with time Indicated that the flame ar-
resters could operate roughly 16 hours before the 
back pressure would exceed the 34 inches of water 
gage short-term limit. Due to the high maintenance 
required to clean the flame arresters, they were 
removed from the system to facilitate continuous 
operation of the truck during further , tests. 

Fouling of the heat exchangers In the field test was 
similar to that observed in the laboratory tests. 
The 400°F criterion was exceeded after 47 hours of 
operation. 

The engine/DRY SYSTEM package was operated a to-
tal of 133 hours during the field tests. Operation 
of the vehicle was Impeded by several problems that 
relate to the prototype nature of the system, such 
as drive belt adjustment and plumbing fixture leaks. 

Overall, the dry exhaust conditioner performance was 
deemed successful. No inherent features of the DRY 
SYSTEM were discovered that would make the system 
Incapable of meeting test requirements. 

The individual components and mechanical systems of 
the dry exhaust conditioning system were found to 
be capable of sustained operation In the underground 
environment. However, particulate fouling of the 
heat exchangers and the flame arresters required 
greater system maintenance than anticipated in the 
initial design.	 Incorporation of on-board cleaning 
fixtures may be the most viable solution to the ex-
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cessive cleaning maintenance caused by the particu-
late buildup.

benefLciation has numerous effects on the shale and 
the products of hydroretorting. 

BENEPICIATION REDUCES HYDROGEN CONSUMPTION 
DURING HYDROREFOR1ING 

Research at the institute of Gas Technology (lOT) 
during the past 15 years has demonstrated that by 
using a moving-bed reactor and a hydrogen retorting 
environment (hydroretorting) the oil yield from 
Devonian shales located in the eastern United States 
can be increased by as much as 2.5 times. 
Development of the HYTORT process has been carried 
out by LOT and HYCRUDE Corporation in programs 
sponsored by the American Gas Association, Gas 
Research Institute, Phillips Petroleum, and the United 
States Department of Energy. 

The use of beneficlated Instead of raw shale In the 
HYTORT reactor has been identified as one potential 
method of improving the economies of the HYTORT 
process concept. Compared to raw shale, a 
beneficlated shale, with a higher organic carbon 
content because of a significantly lower ash content, 
would reduce handling and energy costs and require 
smaller reactor and process vessels to produce the 
same amount of oil. The Mineral Resources Institute 
(MRI) of the University of Alabama has successfully 
produced beneflciated eastern shales through a 
process Involving grinding and flotation. The flota-
tion process recovers a kerogen concentrate while 
rejecting much of the shale carbonates, pyrite, and 
mineral matter. The hydroretorting characteristics of 
three eastern shales and kerogea concentrates 
produced from the shales were studied in a con-
tinuous, moving-bed reactor at lOT during a three-
year program sponsored by MRI through a United 
States Department of Energy grant. This work was 
summarized at the Eastern Oil Shale Conference last 
November. 

Eight feed shales were prepared by MRI and supplied 
for testing in a mini-bench unit. Raw Alabama 
Chattanooga, Kentucky New Albany, and Michigan 
Antrim shale were crushed, 	 riffled,	 and then 
screened to -6+40 mesh. Five beneficlated shales 
were prepared by grinding and flotation and then 
were pelletized to form -6+40 mesh particles of the 
kerogen concentrates. 

Hydroretorting conditions were similar for all eight 
tests with raw and beneficiated shales. All tests 
were conducted at a pressure of 40 atmospheres 
with a hydrogen feed. Shale had a total residence 
time of 60 minutes; 30 minutes in the preheat zone, 
and 30 minutes in the retorting zone. The retorting 
zone temperature was 1,050°F for the Alabama shale 
tests and 950°F for the Kentucky and Michigan shale 
tests. 

Hy&etcrtIug Results 

The principal objective of the baneficiation process 
is to produce a feedstock with a higher kerogen 
concentration than the raw shale. 	 However,

Raw and bcneficiated shale analyses indicate that 
organic carbon weight percent Is increased and ash 
content Is decreased by beneficiation. Mineral car-
bonates appear to be almost completely removed 
from the kerogen concentrates. The molar ratios of 
organic hydrogen to organic carbon and sulfur to or-
ganic carbon are slightly and greatly reduced by 
beneficiation. 

The increased weight percent organic carbon of the 
beneficlated shales leads to improved hydroretortlng 
oil yields (gallons per ton) In mini-bench unit tests. 
Fischer Assay oil yields with the same raw and 
beneficiated shales were linearly proportional to or-
ganic carbon content. The ratio of mini-bench unit 
hydroretorting oil yield to Fischer Assay oil yield 
was between 1.6 and 1.9 for all shales tested and 
was unaffected by the degree of beneficiation. 

The hydrogen In hydroretortlng product liquids (oil 
and water) and gases (hydrocarbons and hydrogen 
sulfide) Is called hydrogen consumption. When ex-
amining the total hydrogen consumption by hydrogen 
retorting products, the consumption of hydrogen from 
both shale and feed gas were considered. As ex-
pected, total hydrogen consumption (standard cubic 
feet per ton of dry shale) increases for all shales 
with the degree of beneficiation. Total hydrogen 
consumption per gallon of oil yield, however, was 
found to decrease with increasing beneficiation 
(Figure 1). The reasons for the decrease In 
hydrogen consumption were examined In terms of the 
various hydrogen consuming products. 

FIGURE 1 
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The total hydrogen from shale and feed hydrogen 
consumed per gallon of oil produced decreases for 
beneficiated shales. Feed hydrogen consumption 
decreases with increased beneficiation of the shales. 
Also, the fraction of the total hydrogen in products 
originating from the shale is higher for the 
beneficiated shales.	 The consumption of feed
hydrogen was reduced for all three shales after 
beneficiation.	 Feed hydrogen consumption was
reduced as much as 44 percent (77 standard cubic 
feet per gallon) for Alabama shale, 27 percent 
(31 standard cubic feet per gallon) for Kentucky 
shale, and six percent (four standard cubic feet per 
gallon) for the Michigan shale. 

Products of hydroretorting consuming hydrogen are 
oil, hydrocarbon gases, water (in excess of feed 
moisture), hydrogen sulfide, and dissolved gases (in 
the sour water). Other sulfur compounds, mostly 
mercaptans, are produced but H25 accounts for 
99 percent of the converted sulfur. The decrease in 
total hydrogen consumption for beneficiated shale is 
due to lower production of hydrocarbon gases, water, 
and 1125 per gallon of oil. Product oil consumption 
of hydrogen is between 149 and 156 standard cubic 
feet per gallon for all eight shales and Is unaf-
fected by the degree of beneficiation. 

Product water results primarily from the release of 
shale high-temperature water during hydroretortlng. 
The consumption of hydrogen by product water is 
similar to the loss of shale Inorganic hydrogen. 
Therefore, water production has no significant effect 
on the consumption of feed H 2 or shale organic 
hydrogen. 

The decrease in non-water related hydrogen con-
sumption for beneficlated shales Is due to roughly 
equal decreases In hydrocarbon gas and 1125 produc- 
tion compared to product oil. For all shales the 
fraction of organic carbon forming oil selectively In-
creases with the degree of beneficiation. The frac-
tion of organic carbon forming hydrocarbon gases is 
lower for the beneficiated shales. The small in-
creases In organic carbon selectively to oil for the 
beneficlated shales have large effects on the 
hydrogen consumption since hydrogen-to-carbon ratios 
are higher for hydrocarbon gases than for oil. 

The reason for the increased organic carbon selec-
tivity to oil after beaeflclation Is unclear from the 
product analyses. 

The decreases in 11 2 S production per gallon of oil 
for beneficiated shales Is a result of both lower 
shale sulfur to organic carbon ratio and lower sulfur 
conversion. The most beneficiated kerogen con-
centrates of all three shales had 60 percent to 70 
percent lower sulfur to organic carbon ratios than 
the raw shales.	 The majority of sulfur present In 
the three Eastern shales studied Is pyritic. Pyritic 
sulfur Is selectively removed from the kerogen con-
centrate and collected In the ash-rich tailings during 
the beneficlatlon process. 

The beneficiatlon process appears to remove pyritic 
sulfur from the shale and leaves much of the pyritic

iron behind. Iron retained in the bcneficiated shams 
Is apparently able to scavenge sulfur from the 
product H 2 S and release hydrogen. 

COMPUTER CODE SIMULATES FACE VENTILATION 
DURING BLASTING 

Large amounts of methane can be present in the 
kerogen of deeply-burled Green River Formation oil 
shales. 

The methane saturation level impacts face ventilation 
design because blasting at the face has the potential 
to release large quantities of methane gas In dead-
end headings. The rate of methane release is high 
and, in conjunction with the large tonnages of oil 
shale excavated by each blast, has the potential to 
produce dangerously high concentrations of methane 
soon after the blast. 

Ventilation In the face after blasting must be 
capable of safely diluting the methane as it Is 
released from the muckpile to keep it below the ex-, 
plosive range. Data produced in a Bureau of Mines 
research contract with J.F.T. Agapito & Associates, 
Inc., that tested large-capacity face ventilation 
equipment In an oil shale mine, suggested that the 
use of freestanding jet fans would be an effective 
method of diluting blast-released methane. The fan 
could be left on during the blast, thereby preventing 
the buildup of methane in still air. 

The Bureau then entered into a joint project with 
Agapito a Associates to use the data produced 
during the earlier contract by incorporating it into a 
finite-element computer model, which would simulate 
the dilution of methane by ventilation in large-
opening oil shale faces. Analysis of this problem 
required a technique that allowed the coupling of 
the effects of turbulent mass transfer with the time 
rate of production of methane after the blast. 

The objective of this work was to study the effect 
of two parameters, time lag between blasting the 
face and activating the fan, and face ventilation 
quantity on methane dilution. The results would 
provide a design tool to specify ventilation flowrate 
and fan activation time for a range of gas satura-
tions.	 The results were recently published as 
111-9219. 

The methane production model was developed from 
field measurements of methane liberated during min-
ing operations at the Horse Draw experimental mine 
In the Piceance Creek Basin of Colorado, and at the 
White River Oil Shale Mine In the Uinta Basin of 
Utah. Experimental data indicated that methane 
release began Immediately when the shale was 
nibbled and reached peak rates within five minutes 
of the blast. The rate of production then began to 
fall, with the shape of the curve very similar to a 
log-normal statistical distribution. 
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Back-AnaJys of Experimental Data	 face ventilation system and the combined effects of 
full-scale turbulence and recirculation. 

The computer code BASFEU was used to model ex-
perimental measurements from the }lors.e Draw Mine 
data in order to back-analyze the correct shape 
parameters for the log-normal curve. Figure 1 
shows the underground configuration in the mine and 
the finite-element mesh used to simulate the field 
measurements. The blast modeled was in a face 
heading being ventilated by 3.25 cubic meters per 
second of fresh air and liberated 137.7 kilograms of 
methane.	 A total of 69,5 torts of oil shale was
nibbled for an estimated methane saturation of 
1.98 kilograms per metric ton. 	 The drift was as-
sumed to be 3.7 by 3.7 meters. The log-normal 
curve was scaled to a 10 minute duration pulse with 
a total quantity of 137.7 kilograms, based upon the 
shape of the experimental data.	 A coefficient of
turbulent dispersion of 20.0 was used in the simula-
tion.	 The BASFEH simulations demonstrated a very
good fit to the experimental data. 

FIGURE 1 
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A model of the face heading configuration utilized 
in room-and-pillar oil shale mining was developed 
using the results of large-scale face ventilation ex-
periments. Those tests measured the efficiency of a 
1.4 meter diameter freestanding jet fan in ventilat-
ing a dead-end heading 91 meters long, with a cross 
section of 16.8 by 9.1 meters. The face ventilation 
experiments were conducted in the Exxon Colony 
Mine, Parachute, Colorado, at expected full-scale 
conditions. The dilution of sulfur hexafluoride (SF6) 
tracer gas was used to measure efficiency of the

The experimental configuration used In the face ven-
tilation tests Is compared with the finite-element 
mesh used for the simulation in Figure 2. Air 
leaves the fan as a turbulent jet of high-velocity 
air directed toward the face area. The jet expands 
and loses velocity as it approaches the face, be-
cause of frictional entrainment of slower velocity air 
at the perimeter of the jet. The entrainment action 
produces great turbulence throughout the test room 
and very effective mixing of any pollutants. The 
rate of pollutant dilution is controlled by the net 
flow of fresh air in and out of the room. 

FIGURE 2 
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The BASFEH simulation of the tracer gas test was 
not able to reproduce the degree of turbulence ob-
served experimentally; however, the dilution of the 
tracer gas was duplicated within 20 to 30 percent. 
Behavior In the simulation was very similar in trend 
to the experimental data. 
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Silmzlatb.. of Face Blasting 

The methane generator function and the jet fan 
model were run to produce preliminary results. 
Average methane saturations of 0.4 cubic meters per 
metric ton of oil shale were reported from blasting 
tests at the White River Oil Shale Mine. This value 
was used for an assumed face blast that nibbled 
1,900 tons of oil shale to produce 903 kilograms of 
methane. The time normalization for the release 
was identical to that used In the back-analysis. Air 
ventilation rates were the same as used In the 
tracer gas simulation. Figure 3 compares the time-
concentration data for a point 12 meters from the 
face for two cases: 

- Face ventilation system OFF 
- Face ventilation system ON during blast 

FIGURE 3 
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Without face ventilation, the methane concentrations 
reach explosive levels and are diluted very slowly. 
The operation of the fan during the blast prevents 
the methane concentrations from reaching the ex-
plosive range. 

LUlL FINDS EFFECT OF SIEAM ON ILETUI1IING TO BE 
n 

The effect of steam on oil shale pyrolysis has been 
of interest and controversy for over a decade. 
Recent work at Lawrence Livermore National 
Laboratory (LLNL) has served to elucidate the chemi-
cal and physical effects and was summarized by 
T. Coburn at the 22nd Oil Shale Symposium in April.

In early work elsewhere, steam was claimed to Im-
prove yields of oil and H 2 , to allow lower pyrotyzer 
temperatures, and to produce a less caustic spent 
shale. However, a fluidized-bed steam retorting 
study of Devonian oil shale failed to fully confirm 
these claims. 

LLNL measured Isothermal kinetics of kerogen 
pyrolysis using a system that provides the tempera-
tare control needed for the study of high-
temperature kinetics. The data analysis gives a car-
bon balance, so nothing is missed and yield loss 
mechanisms can be Identified. The system seemed 
particularly well suited for obtaining a better under-
standing of the steam pyrolysis of oil shale. 

With the techniques now available, it was possible to 
again ask the questions: 

- Does steam increase the rate of kerogen 
pyrolysis? 

- Can improved oil and H 2 yields result from 
steam retorting? 

- Does steam reduce coke formation? 

- What do steam/organic Interactions say about 
oil formation/loss mechanisms? 

Fluidized-bed pyrolyses were carried out On a 
24 gallon per ton Green River Formation oil shale 
from the Anvil Points mine In Colorado (AP24), a 13 
gallon per ton New Albany Shale of Devonian age 
from Kentucky (NA13), and a 25 gallon per ton 
Mahogany Zone oil shale from Tract C-a (CA25) that 
had been acid-leached for 24 hours in GM H2SO4. 
Dust was removed from all these materials by cold 
fluidization. 

Bench-Scale, Fhildiz ed-Bed Experiments 

They dropped 200 to 500 milligrams of oil shale into 
a preheated fluidized bed of 100-gram quartz sand 
sized from 180 to 300 microns (-50/-'-80 mesh). 
Usually, the bed also contained previously retorted 
and oxidized shale. Specimens were pyrolyzed 
Isothermally at temperatures from 450 to 5250C. 
First, expelled volatiles were measured, then the 
residual carbon on the spent shale was burned at 
pyrolysis temperature to close a carbon balance. 

Other Retirting Experiments 

Temperature-programmed pyrolyses were a modifica-
tion of the LLNL standard method using steam 
(100 percent) rather than other gas sweeps. 

Kinetic Resilta 

It was expected that data from isothermal, 
fluidized-bed pyrolysis of Green River oil shale 
would show two types of carbon release, the first 
due to kerogen pyrolysis and the second to steam-
promoted carbonate-mineral breakdown. In general, 
that was what was observed. 
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Oil Yield, 
Experimental Conditions* Gal/Ton 

AP24 Shale 
Argon, 200 an/min 22.8 
Steam, 200 an /min 23.9 

AP24 Shale + 10% FeSO4'7I120 
Argon, 60 =3 min 20.4 
Argon, 100 anin 22.1 
Steam, 200 an

3/m 
1mm 23.6 

Sweep rates given In term of gas volume 
at 25°C

Figure 1. shows semilog plots of data from experi-
ments with various proportions of steam In the 
fluidizing gas.	 The curves of Figure 1 superimpose 
for the first 80 percent of carbon release. Thus, 
volatile carbon-containing products are released from 
the kerogen at a rapid first-order rate (rate con-
stant, k1) that is independent of steam content. 
The significant conclusion to be drawn from Figure 1 
is that, contrary to what has been claimed, steam 
(up to 56 volume percent) does not significantly in-
crease the rate of kerogen pyrolysis. 

FIGURE 1 

PYROLYSIS WITH VARIOUS
STEAM/AR RATIOS 

(C/C1 IS THE FRACTION OF
VOLATILE CARBON RELEASED) 

1.00	 I	 I 

- Dry Pyrolysis 

- -. 16% Steam 
.377. Steam 

ii

56% Steam 

Time (minutes)

Gas Production 

Product gas distribution provides clues for under-
standing how steam alters the chemistry In a retort. 
Minerals account for most of the CO 2 produced 
during steam retorting. A higher 1122-content 
pyrolysis gas from steam retorting is due, in part, 
to hydrolysis of iron sulfides. 

Hydrogen In the product gas comes primarily from 
coking and cracking of hydrocarbon Intermediates, 
particularly toward the end of oil generation. Thus, 
at longer times, the dry-gas sweep experiment yields 
more 11 2 (and coke) than does steam pyrolysis. 

The	 gas	 ratio,	 (COJ/(E11 2 ](CO 2 ]),	 is similar	 with or 
without	 added steam.	 Thus, gas-phase	 equilibration 
via	 the	 water-gas	 shift reaction	 does	 not	 occur at 
this	 temperature.	 LLNL concluded that	 under dry 
conditions	 CO	 accounts for less	 than 0.6	 percent of 
the	 total	 carbon	 evolved and steam (60	 percent in 
argon) releases	 less	 than 0.2 percent more carbon as 
CO.

Gasification of char by steam at 500 0C is not an-
ticipated, but the freshly deposited carbon burns 
readily even at 450 0C and may be unusually reac-
tive. A steam gasification test using the fluidized-
bed pyrolyzer and the AP24 oil shale gave an es-
timate of the amount of carbon released by steam 
gasification as only one or two percent. 

Shale Oil Yield 

How steam affects all yield is a key issue. Table 1 
shows results from a series of temperature-
programmed batch retorting experiments. Included in 
Table 1 are results from experiments with iron (II) 
sulfate present. This additive is known to promote 
coking.

TABLE 1 

OIL YIELDS FaU 46C/MIN 
MITE TTEItC 

A second rate constant, k 2 , due primarily to steam-
promoted carbonate decomposition, can be estimated 
from the slopes of curves in Figure 1 at tong times 
(as carbon release from kerogen pyrolysis decays to 
zero). The carbonate-mineral decomposition rate 
depends on the steam content of the gas, and, as 
with most gas/solid reactions, the rate is not first 
order. 

Reactiai of Steam with Minerals 

Steam-promoted dolomite decomposition is a source 
of some carbon released by flash pyrolysis. Also, at 
high temperature, steam is known to catalyze forma-
tion of calcium-containing silicates. 

Only rarely does a pyrolysis reaction rate depend on 
the gaseous environment. As such, steam-promoted 
carbonate decomposition might best be viewed as 
acid-catalyzed carbonate decomposition.
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The test results confirm the significant impact of 
sweep-gas flow rate on oil yield. At high sweep 
rates (argon or steam), the coke-producing additive 
FeSO 4x7H2O was nearly Ineffective. When steam re-
placed argon (flow rate and condensation /separation 
efficiency being equal), a small (less than Live per-
cent) but real increase in oil yield was realized. 
This yield enhancement Is small enough to go un-
noticed at most practical heating rates and flow 
rates. Researchers at the Kentucky Center for 
Energy Research Investigated Devonian oil shale 
pyrolysis at various steam pressures and flows. They 
documented the beneficial effect of rapid sweep but 
found no evidence for oil yield enhancement directly 
attributable to steam. 

A strong particle-size dependence of oil yield from 
steam retorting Is evident. Smaller particles are af-
fected more. 

011-Plus-Gas Yield from the Fluiclized-Bed Retort 

The laboratory fluidized bed with combustion tube 
that was used for kinetics experiments offered a 
sensitive method for quantitatively measuring 
hydrocarbon yields in the presence of burnt shale. 
It provided convincing evidence for Improved yields 
In steam. 

Figure 2 shows the improved oil-plus-gas yields from 
steam retorting carbonate-free (11+ leached) oil shale 
In the fluidized bed. 

For the fluidized-bed experiments, steam Increased 
the hydrocarbon yield by 10+1-5 percent. Coking 
losses on burnt shale in the bed were reduced, and 
at all recycle ratios, yields in steam were above 
Fischer Assay. 

Stem and the Mechanism of Shale Oil Formation, 

Kerogen pyrolysis and oil formation are understood in 
terms of a free radical mechanism that Is charac-
terized by a large population of free radical Inter-
mediates. Identical alkane/alkeae ratios with and 
without steam suggest that steam does not alter the 
nature of this free radical steady state and, thus, 
plays no part in determining the relative concentra-
tions of these important intermediates. Yield im-
provements realized when small particles are retorted 
in steam must come from a steam-induced shift In 
the parallel reactions which convert Intermediates to 
oil or to char. Steam must either help In the con-
version of free radicals to oil or interfere with the 
char forming process. Oil components, once formed, 
coke very little under these conditions, and steam 
does not inhibit such coking. 

To	 test for	 the interaction	 of	 steam with	 inter-
mediates present during retorting, LLNL Introduced a 
slow sweep of 020 or 02 Into the pilot retort.	 The 
oil	 was analyzed for	 incorporation	 of the	 isotopic 
label.

Oil generated with 0 3 sweep had only a small 
amount of deuterium incorporation; 	 less than 
0.3 percent of the oil protons exchanged. 	 With a

D20 sweep, there was substantial exchange; the 
fraction of deuterium in oil hydrocarbons (5.3 per-
cent) was more than 70 percent of the Il:D ratio 
for all materials fed into the retort. 

FIGURE 2 

HYDROCARBON RECOVERY 
IN THE PRESENCE OF 

BURNT GREEN RIVER OIL SHALE 

100 I	 I	 I	 I 
o Ar Sweep 

V o 95. • Steam Sweep, H+ Leached 
CD

90 0 A Sweep, HLeached +
85U • 

Ld
Fischer Assay 

70 
• Green River Oil Shale 

65 I	 I	 I 
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Burnt/Raw Ratio

Steam, of course, contributes In a small way to the 
hydrogen donor pool as It converts Iron compounds 
to magnetite. However, Its capacity for rapidly ex-
changing hydrogen with hydrocarbon intermediates 
gives it another important role in the retort's 
chemistry. As it continually shuffles hydrogen, 
steam may well moderate hot free radicals that 
would otherwise coke or contribute to coke forma-
tion. Perhaps steam exchanges hydrogen with other 
hydrogen donors--even these that form during the 
charring process. 

Caicivahms 

The LLNL researchers conclude that In a retort, the 
Influence of steam on chemistry Is limited to surface 
reactions. Steam slows coke formation that occurs 
on active surface sites; its Impact Is most noticeable 
when the shale's average particle size is small (more 
surface area). In the presence of steam, a 
10+1-5 percent Increase In hydrocarbon release from 
a laboratory fluidized-bed pyrolyzer was obtained at 
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all solid-recycle ratios. However, steam had no in-
fluence on the rate of kerogon pyrolysis and did not 
significantly alter the ratio of important free radical 
intermediates in the gas phase. No steam gasifica-
tion of carbonaceous residue could be detected. 

Steam does accelerate dust formation. Both Green 
River and Devonian oil shale when pyrolyzed and 
burned in steam become much softer and disintegrate 
more readily than when pyrolyzed and burned in ar-
gon.	 Since the Devonian shale also deteriorates, 
such softening cannot be due totally to carbonate-

mineral decomposition and silicate formation; iron 
sulfide	 oxidation/hydrolysis	 may also contribute. 
After combustion in steam, Devonian oil shale 
(original carbon content 12.2 percent, <0.5 percent 
Inorganic carbon) became so soft that it could be 
rubbed between the fingers to a brown smear. A 
soft spent shale was the result of burning in steam, 
regardless of the pyrolysis procedure. 
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INTERNATIONAL 

OIL SHALE RESEARCH INSITflYFE MARKS 30Th YEAR 

The Soviet Union's Scientific Research Institute on 
Shales completed 30 years of operation in 1988. 

The Institute was founded in 1958 at the city of 
I(ohtla-Jarve and was activated on the first of June 
of the year under the auspices of the Sovnarhoz of 
the Estonian Soviet Socialist Republic. Initially, the 
Institute was designated as the Scientific Research 
Institute for the Recovery and Refining of Shales. 
Institute personnel comprehensively studied topicsin 
shale recovery, as well as refining. In 1965 the 
functions of the Institute were reorganized to focus 
on the problems of shale refining, and at that time 
It was redesignated as the Scientific Research In-
stitute on Shales (Nllslantsev). In 1966 the Institute 
came under the administration of the Ministry of 
Petroleum Refining and Petrochemical Industry of the 
USSR. 

The Institute's work force consists of approximately 
300 people, of whom 100 are staff technicians with 
one Doctor and 28 Candidates of Science. Tests are 
conducted on all pertinent problems associated with 
the shale refining Industry in 12 research 
laboratories and project -engineering departments. 

Primary research efforts are as follows: 

- The investigation of the chemical-
technological properties of oil shales from 
various deposits 

- The development of new methods and the Im-
provement of existing methods and facilities 
for the heat refining of oil shales 

- The investigation of the composition and 
properties of shale tars and phenols, and the 
creation of new fuel and chemical products 
based on these materials 

- The refining of light aromatic hydrocarbon 
raw materials to obtain various chemical 
products 

- Planning for growth and forecasting the 
development of the shale refining industry, 
environmental conservation, automation of 
production processes, protection of equipment 
from corrosion,	 and research organization 
work 

Over the past 30 years of activity, the Institute has 
made considerable contributions toward the develop-
ment of shale refining industries. Various com-
prehensive processes have passed verification testing 
and to a significant degree are already being used 
In the industrial sector: 

- A power generating system for sernlcoklng 
lump shale In high-powered gas tar genera-

tors using a cross-flowing heat carrier 
("Kiviter" process) 

- A comprehensive shale tar refining process to 
encompass its purification and distillation, 
coking of heavy residuals, removal of tars 
and water-soluble phenolic fractions (alkyl 
resorcinols) from the raw material, as well 
as the de-tarring and de-phenolization of 
process water 

- The comprehensive refining of shale alkyl 
resorcinol raw materials with the development 
of a whole series of synthetic products: 
adhesive resins and composites, grout com-
posites, leather tanners, rubber modifiers, 
corrosion inhibitors, oil additives, etc. 

- The perfection of a system for the combined 
refining of light hydrocarbons from shale raw 
material and petroleum-based pyrolytic tars, 
eventually encompassing the manufacture of 
aromatic hydrocarbons (benzene, toluene) and 
specialized uses for all fractions 

The Institute has created a plan for the long-term 
development and distribution of shale refining en-
terprises, establishing standards for water consump-
tion and specific releases of toxic materials into the 
atmosphere, as well as measures for further reducing 
the pollution of water supplies and the atmosphere. 

The work of the Institute has generated many new 
products (industrially or experimentally produced) in-
cluding: 

- Alkyl resorcinol epoxy resin AREM-220 

- Epoxy composite for the adhesion of skis: 
AREK-2 

- Epoxy rubber modifiers ARE-1-4 and ARE-1-8 

- Rubber modifiers RU-D and AURD 

- Tar for the tire Industry SF-280M 

- Asbestos technology tars SFZh-81 and SFZh-82 

- Hydrophobic adhesive compound GTM-7 

- Technical	 grade	 5-Methylresorclnol
(92 percent base material content) 

- Reagent grade 5-Methylresorcinol (99 percent 
base material content) 

- Corrosion Inhibitor SFMF 

- Synthetic tanning agents No. 12 and SPS, 
based on a mixture of shale and lignite 
phenols 
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- Agricultural feed preservatives "Slloben" 

- Preservative compound "Sinks" 

- Fuel additives "Dlsrnaik" and "Bislan" 

- Flotation reagent "Baritol" 

In recent years shale refining enterprises based on 
Institute research have constructed various new 
production-process plants, which have significantly 
increased the level of commercial production, and 
the quality of the materials produced. 

A plant at P.O. "Slantsehim" producing 40 thousand 
tons of benzoic acid per year was activated in 
1986, a new gas generating station (665-6) was con-
structed in 1987 with two plants handling 1,000 tons 
of shale per day, and station 665-7 which already 
Includes four 1,500 ton plants is under construction. 

At S.H.Z. "Kivluili," a plant for the production of 
rubber modifier ARE-1-4 (1984) and a pilot plant for 
the semi-coking of fine-grained shale in a fluidized 
bed (1988) were constructed. 

A heavy-Industrial complex for the refining of shale 
tars was constructed at S.P.Z. "Slantsui," where the 
output of tar cokes, oils for wood impregnation, fuel 
oils, coking salts, water-soluble phenols, sulfur, 
sodium thiosulfate, and other products Is envisioned. 
A plant was constructed for the production of rub-
ber modifiers (1988), and a plant for the acquisition 
of petroleum-based polymeric varnish tars was 
reconstructed. 

The primary work of the Institute is accomplished at 
the Invention level. In the past 10 years alone 
over 70 copyrights on inventions have been awarded, 
with the most significant being patented abroad. 

The institute operates in close cooperation with 
many scientific and planning organizations, higher 
education institutions, and industrial enterprises in 
the ESSR, Moscow, Leningrad, and other cities. For-
eign scientific ties are being forged on shale refin-
ing topics. The Institute has researched shales from 
the United States, Brazil, Cuba, Morocco, Syria, 
Thailand, and Bulgaria. 

The results of scientific investigations are published 
in collections of Institute proceedings (at this time 
17 issues have been published) or in periodical publi-
cations primarily in the magazine "Oil Shale" and the 
information bulletin "The Shale Industry." 

CANADIAN SHALE TESTED BY flrRO SIX 

Petrobras concluded retorting tests In December of 
two Canadian oil shale samples from New Brunswick 
at the company's experimental unit in Parana.

Tests were contracted by Canadian Occidental 
Petroleum Limited through Stone & Webster Engineer-
ing Corporation for the purpose of making a prellini-
nary appraisal of the applicability of Brazil's Petrosix 
process to handle Canadian oil shale. 

The samples processed were representative segments 
of the Albert Mines and Dolomite Msrkstone Zones. 
Their oil contents as determined by Fischer Assay 
were close to 12 and six percent, respectively, by 
weight. Prior to retorting, both samples had physi-
cal properties very similar to Brazilian oil shale 
from the Irati Formation in Parana, although they 
showed more thermal degradation during retorting. 

The Petrosix process' overall performance with 
Canadian oil shale samples was considered very good, 
with oil and gas yields (based on Fischer Assay) 
from 95 to 103 percent and 87 to 128 percent, 
respectively. The retorting rates were between 
2,000 and 2,500 kilograms an hour per square meter 
for a pyrolysis temperature of 5000C. 

With reserves on the order of seven billion cubic 
meters, Canada plans to utilize oil shale to aid in a 
coal-burning process at a plant installed in New 
Brunswick. Canadian oil shale Is rich in limestone 
which neutralizes the gases generated from the sul-
fur content of coal. With the recently concluded 
tests, the number of countries which have studied 
the applicability of the Petrosix process goes up to 
five. The United States, Australia, Morocco and 
China In addition to Canada have verified in prac-
tice the performance of technology developed by 
Petrobras to extract oil from shale. China has ex-
pressed a need to modernize its retorts. Petrobras 
Is initiating contacts for the purpose of placing its 
technology at the disposal of that country. 

Petrobras produced 273,000 barrels of oil, 
125,000 tons of fuel gas and 6,000 tons of sulfur 
from oil shale at the irati Prototype Plant in 1988. 
Construction of a new industrial-scale plant Is in 
progress and operational start-up Is scheduled for 
the first half of 1990. One million barrels of shale 
oil will then be added annually to Brazilian produc-
tion. 

Oil. SHALE RESEARCH ACTIVE IN CHINA 

A paper presented by Wang Jlanqiu and Qian JIalin 
at the 1989 Oil Shale Symposium held in Golden, 
Colorado in April outlined the areas in which oil 
shale research and development Is being actively 
pursued in China. 

China is rich in oil shale and has 60 years ex-
perience of shale oil production. The price of shale 
oil syncrude in China is comparable with or even 
lower than the world market oil price. For one 
reason or another, oil shale research in China has 
gone through ups and downs. Since 1980 technical 
exchange and scientific cooperation have been under-
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Economic Anient 

In China, Maomlng and Fushun Oil shale are	 open pit 
mined. Oil	 shale deposits	 In	 Fushun coexist	 with 
underlying	 coal. In	 Maomlng	 the high	 quality 
kaolinite overlying oil shale	 can	 be	 used as	 coating 
material for paper making.	 So the cost of the raw 
oil	 shale Is	 low. Ammonium sulfate is a	 byproduct 
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taken with other countries, such as the United 
States, Australia, USSR, Japan and Jordan. A 
prototype retort processing Jordanian oil shale Is to 
be developed based on Fushun retorting technology. 

Chemical Structure and Thermal Behavior 

Studies on the carbon constitutional frameworks - of 
Fushun and Maoming oil shale kerogen yielded paraf-
finic carbon 51 percent and 43 percent; naphthenic 
carbon 16 percent and 23 percent; aromatic carbon 
33 percent and 34 percent, respectively. The inves-
tigation showed that the paraffinic carbon in the 
kerogen can be converted into oil, while aromatic 
carbon is unlikely to generate oil. The main part 
of the mineral matters In Fushun and Maomlng oil 
shale are: kaollnite 50-60 percent, hydrornica 
20-30 percent, silica 10-25 percent, others 10 per-
cent. Theie minerals begin to decompose at about 
450 0 C and Fe5 2 in the Maoming oil shale decomposes 
to FeS. 

It is known that the heat of pyrolysis of oil shale 
varies from one deposit to another. For the same 
oil shale it is proportional to the oil content. 
Fushun, Maoming, and iluadlan oil shales have been 
found to have pyrolysis heat In the range of 280-
320 kilojoules per kilogram, 160-280 kilojoules per 
kilogram, 132 kilojoules per kilogram respectively. 
The combustion heat of medium grade shales is about 
5,000 kilojoules per kilogram, 6,640 kllojoules per 
kilogram, 12,100 kllojoules per kilogram, for these 
three oil shales respectively. 

Drying, Pyrolysis and Combustion 

The moisture content of Maoming oil shale in South 
China is as high as 20%. So drying of oil shale Is 
necessary before charging to the retort. Disintegra-
tion occurs in the process of drying. The larger 
the particle size and the faster the heat-up rate, 
the greater is the possibility of disintegration. 

A study of Fushun oil shale pyrolysis kinetics with 
bitumen as the intermediate product showed bitumen 
to be the main product of kerogen pyrolysis, and oil 
to be the main product of subsequent bitumen 
pyrolysis. The apparent activation energy of the 
former was 120 kilojoules per mole and that of the 
latter was 205 kilojoules per mole. 

The combustion of oil shale and shale char were 
studied to provide information for the oil shale 
fluid-bed boiler and gasification section of the 
Fushun-type retort. 

Retorting and Combustion Technology 

A continuous experimental retorting unit with 
capacity 10 kilograms per hour using hot spent shale 
as solid heat carrier was set up. Dried zero to 
five millimeters size raw oil shale was mixed with 
750 0 C went shale and heated in a retorting cham-
ber.	 The shale char was burnt In a riser pipe. 
The retorting of Maoming and Iluadian oil shale was 
Investigated in the unit. 	 The oil yield was about
90 percent of Fischer Assay.

The Fushun type retort has been operated for 60 
years. There have been many improvements in 
recent years. Besides Fushun and Maoining oil shale, 
high sulfur, high carbonate content oil shale can 
also be retorted in the Fushun type retort. 

A	 small-scale	 fluid-bed	 boiler was established for 
studying high sulfur content	 oil shale.	 It	 was found 
that	 S0 2 in	 the	 flue	 gas	 may be reduced	 to 200 
parts	 per	 million	 by	 the	 CaO of oil	 shale ash. 
Therefore,	 fluid-bed	 combustion of high	 sulfur con-
tent	 oil shale	 can eliminate	 502 by itself.	 The op-
timal bed temperature was 0500C. 

A 35 ton per hour capacity llaounlng fluid-bed boiler 
was built in 1987 and has now been put into trial 
operation. 

Shale Oil Upgrading 

Hy&'otreating of the whole fraction of a high sulfur 
content shale oil (S8.52 percent, N0.87 percent) 
was carried out In a fixed-bed reactor. Sulfur and 
nitrogen contents of the product oil were reduced to 
670 and 1,100 parts per million respectively. This 
treated shale oil can be regarded as a good 
syncrude for further refining. 

A new scheme for upgrading Fushun shale oil was 
proposed. Shale oil was first treated by delayed 
coking to light fractions which were treated succes-
sively with dilute alkali and sulfuric acid to recover 
the acidic and basic nonhydrocarbon components as 
raw chemicals. The remaining hydrocarbon fractions, 
containing about 0.4 percent N, can be readily 
hydrotreated to obtain naphtha, jet fuel and light 
diesel fuel.	 This scheme can be conveniently
coupled into an existing petroleum refinery. 

Chemical Utilization of Oil Shale 

The	 good	 reactivity	 of Huangxian and Maomlng oil 
shales	 makes	 oxidation very	 easy. They	 can be 
readily oxidized by	 air to produce organic	 acids. A 
small oxidation unit was built,	 with products used as 
pour point depressants. 

Also, the electrolytic oxidation of oil shale In 
aqueous medium yielded carboxylic acids and 
hydrogen. 

Utilization of Shale Ash 

The main component of Maoinlng shale mineral matter 
Is knolinite, with the 5i0 2 and Al 2 0 3 content over 
00 percent. High quality cement can be produced 
from retorted shale ash especially shale ash from 
the fluidized bed boiler. 
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of Fushun type retorting and the high reactivity 
shale ash can be used for cement production. 
Therefore, the production cost of shale oil is lower 
than the world market oil price. 

BRAZILIAN PROJECTS STUDY USE OF OIL SHALE FINES 

The Petrosix process consists of a moving bed retort 
In which coarse oil shale particles move downward 
counter current to hot gases. The solid particles 
are fed to and withdrawn from the retort by 
Petrobras' patented mechanisms that provide a 
homogeneous distribution of particles on the top of 
the bed.	 The upward moving hot recycle gases 
supply the necessary heat of retorting. 	 After
retorting, the hot retorted shale exchanges heat with 
cold recycle gases in a lower zone. Thus, the 
moving bed provides a convenient way to recover 
heat from both hot gases and hot particles that 
leave the high temperature retorting region. 

A homogeneous bed is required for the various par-
ticle sizes. This Is mandatory to avoid channelling 
and subsequent poor heat transfer and overheating. 
The Petrosix retort allows smooth operation within 
the particle size range of one-quarter inch to three 
and one-half inches.	 The retort can process some 
fines, under carefully controlled conditions. 
However, the introduction of many particles below 
one-quarter inch increases pressure drop, beyond al-
lowable limits. 

The Petrosix shale preparation plant results in a 
quantity of raw oil shale particles below one-quarter 
inch.	 A more suitable solid-gas contact system is 
required to cope with this material. Petrobras has 
selected the entrained bed, the spouted bed and the 
circulating fluidized bed process system to study. 
A fines process system could enhance the energy 
balance of the plant, as shown in Figure 1. 

A summary of the fines processing work was given 
by E. Piper at the 1989 Oil Shale Symposium. 

The Entrained Bed Procs (PLASOL) 

The entrained bed process has been studied by 
Petrobras to pyrolyze oil shale fines since the late 
1970s. Initially, a cold flow transparent model pilot 
plant was fabricated to supply hydrodynamic informa-
tion.	 The oil shale to gas mass ratio was highly 
interesting.	 The conception and operation of the
reactor was simple as long as enough air was sup-
plied to convey the solid particles. Based on the 
cold model data a pilot plant was constructed and 
operated. 

As initially expected, the reactor pan proved to be 
trouble free. Eventually, the plant was able to per-
form long test runs.	 A wide range of operating 
conditions has been investigated. 	 Figure 2 depicts 
the current pilot plant.

FIGURE 2 

PLASOL ENTRAINED BED
PILOT PLANT

Cl 

The reactor is a 15 meter high, four inch diameter 
stainless steel pipe which Is inside a furnace which 
supplies most of the heat requirements. The furnace 
heater burns diesel oil. The flue gas Is introduced 
at the base of the furnace and moves to the top 
where it Is withdrawn. Some other concepts were 
Investigated such as introducing the flue gas into 
both ends of the furnace, top and bottom, and 
withdrawing it at the center. The remaining sen-
sible heat of the flue gas Is then used to preheat 
the oil shale in a fluidized bed. This equipment has 
been analyzed separately and will soon be integrated 
in the plant. 
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The solid feeding system consists of a stockpile, a 
pneumatic transport line, two feed hoppers, a screw 
feeder and a venturi type mixer. The pneumatic 
transport line conveys the particles from the stock-
pile to the first feed hopper. The particles then 
flow into the second hopper which discharges into a 
screw feeder to control the oil shale fines flow. 
The outlet of the screw feeder Is linked to a ven-
turi type mixer at the base of the reactor. 

The reactor off gas flows through two cyclones where 
the entrained retorted shale Is captured. Due to 
the high temperature, no oil Is collected. The gases 
containing oil vapor enter two tube and shell heat 
exchangers where the oil is condensed. Finally, the 
gas passes through a venturi scrubber. 

The bulk oil produced at the PLASOL plant Is sent 
to a cleaning plant alter each test. Most of the 
oil produced has been cleaned only in the filter 
press, where pressure drop versus time has been 
monitored. The solids free water-oil mixture Is then 
put aside to settle in a tank. Some experience has 
been gained with the use of demulsiflers to break 
water-oil emulsions. 

After cleaning, the oil is analyzed in the laboratory. 
Table 1 shows some properties of the oil produced 
by the PLASOL pilot plant. It should be noted that 
the oil characteristics are strongly affected by test 
conditions, such as temperature and heating rate. 

Spouted Bed Process 

Petrobras began Its development on the spouted bed 
technology In the late 1970s. Initially, small cold 
models were used, where features of the technique 
may be examined. Basic information like minimum 
spouting velocity and a pressure drop versus flow 
rate curve were obtained under several conditions of 
bed height and particle size. The spouted bed was 
selected to handle the oil shale fines because the 
fines size distribution is strongly concentrated in the 
range one to nine millimeters, and this range Is very 
appropriate for the technique.

TABLE 1 

OIL AND GAS (EARACItRISTICS 
OF PLASOL PLANT 

Oil
Density 1.0008 
Viscosity 

100°F 93.4 cst 
130°F 38.0 cat 

Pour Point	 (°C) -18 
Flash Point	 (°C) 23 
Carbon (96 weight) 84.65 
Hydrogen (96 weight) 10.83 
Nitrogen	 (ci weight) 1.28 
Sulfur	 (% weight) 1.08 
Carbon Residue (% weight) 10.86 
Ash (% weight) 0.05 
H.H.V.	 (kcal/kg) 9,841 

Gas
50 2 0.0 
H2 5 11.75 

0.19 
N2 3.75 

1.73 
2.78 

H2 8.51 
Methane 31.59 
Ethane 10.63 
Ethane 10.65 
Propane 3.85 
Propene 9.10 
C4 4.85 
C 5 + 1.02

The spouted bed pilot plant began operation In 
December 1987, using air as the spouting fluid. 
Figure 3 is a process flow diagram. 

The reactor is a two meter high, 12-inch diameter 
stainless steel pipe. The spouted bed height Is 
defined by the position of the discharge pipe which 
allows withdrawal of the particles from the bed. 
Two pipes are provided at 65.4 centimeters and 
96.8 centimeters from the cone vertex.	 Raw shale
is fed to the top of the bed. 

The solids feeding system consists of a bin and a 
screw conveyor. The screw conveyor discharges 
directly Into the reactor. The processed shale dis-
charges easily through the overflow pipe and is col-
lected in a bin for the entire test. 

Spouting air enters the reactor through one of three 
inlet pipes, the unique difference being the pipe 
diameters; one-half, one, and two inch. The 
diameter of the inlet pipe effects substantially the 
shape and properties of the spouted bed above. 
Prior to entering the reactor, 	 the air can be
preheated in a furnace. 
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A bench scale plant was designed and built. The 
principal piece of equipment was an eight centimeter 
diameter stainless steel reactor to process five to 
ten kilograms per hour of oil shale. Due to its 
flexibility, a number of different spouting gases were 
used, namely steam, nitrogen and air. When employ-
ing air, the electric heater that surrounded the 
reactor could be turned off and the process almost 
worked autotherrnically. When employing nitrogen or 
steam, electric heat was provided through the reac-
tor wall. 

The results provided from the bench scale plant en-
couraged the design of a pilot plant. While Its 
planning was under way, some tests were performed 
In a semi-industrial plant. The semi-Industrial plant 
was originally used to dry soybeans. It contained 
two 80 centimeter diameter spouted beds as well as 
the equipment necessary to transport the particles to 
and from the vessels. Hot gases were generated in 
a fluidized bed burning coal.



TABLE 2 
FIGURE 3 

THE SPOUTED BED PILOT PLANT 
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The gases and oil vapors exit the reactor and pass 
through a cyclone dust collector that operates at a 
high temperature. The cyclone removes the 
entrained particles from the gas alter which the 
mixture passes through two heat exchangers where 
oil and water condense. 	 After this step, the light
oil is collected in a venturi scrubber. 

The composite oil flows to the cleaning plant to 
remove south and water in a fitter press and set-
tling tank. Table 2 discloses some properties of the 
oil and gas products. 

Circulating Fluidized Bed Combustion 

Industry has recently given significant attention to 
high velocity fluidization. The circulating fluidized 
bed is particularly applicable to combustion process-
lag and substantial efforts have been exerted in this 
direction. 

Petrobras' circulating fluidized bed boiler has a 
capacity to generate 1,000 kilograms per hour of su-
per heated steam at 350 0 C and 32 bar. Fresh oil 
shale particles and entrained retorted shale particles 
are continuously fed into the bottom of the reactor. 
The heat produced is transferred to water through 
tubes Inside the reactor. Limestone Is also intro-
duced at the bottom of the reactor to absorb 802. 

The combustion air Is Introduced as primary air 
through the distribution grid located at the bottom 
of the reactor and as secondary air through several 
taps In the middle section of the reactor.

OIL AND GAS CHARACTERISTICS OF
SNIJTW Rfl) PLANT 

Spouted Bed 

Oil
Density 0.9309 
Viscosity 

100°F 93.8 SSU 
130°F 60.5 SSU 

Pour Point	 (°C) 15 
Flash Point	 (°C) 71 
Carbon (% weight) 82.20 
Hydrogen (%weight) 11.28 
Nitrogen (%weight) 0.57 
Sulfur	 (% weight) 1.22 
Carbon Residue (% weight) 2.32 
Ash (% weight) 0.01 
H.H.V.	 (kcal/kg) 10,120 

Gas
502 1.7 

0.68 
02 0.77 
N 80.56 

7.02 
7.72 

H2 0.38 
Methane 0.49 
Ethane 0.16 
Ethane 0.08 
Propane 0.08 
Propene 0.10 
C4 0.13 
C5 + 0.13

Combustion temperatures are controlled by varying 
the solid circulation rate which determines the 
suspension density, and consequently, the heat trans-
fer rate to the water wall installed inside the reac-
tor. 

The core of the pilot plant contains the equipment 
necessary to circulate the solids, i.e., the reactor, 
cyclone and the valve in the cyclone leg. The 
reactor Is a 17.6 meter high, 43 x 66 centimeter 
rectangular column, refractory lined. The cyclone 
discharges the collected particles through a valve 
which allows the particles to return to the bottom 
of the reactor. The valve contains a bubbling 
fluidized bed that prevents an upward flow of reac-
tor gases Into the cyclone through the cyclone leg. 
Figure 4 is a flow diagram of the plant. 

The reactor section Just above the air distribution 
grid Is characterized by a high concentration of 
solid particles; this Is the dense bed. Fresh shale, 
limestone and recycle particles are fed at this level. 
Fresh oil shale and limestone enter the vessel 
through a chute connected from feed hoppers. 
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Above the dense bed Is the dilute phase, although 
no apparent line separates the two regions. The 
dilute phase region Is characterized by a net upward 
flow of solids and gases, with Intense backrnixlng. 
The turbulence promotes intense solid gas contact, as 
well as excellent heat transfer to the water walls 
within the reactor. Excellent rates of SO 2 absorp-
tion are also achieved.

The Oil Shale Industrialization Superintendency plans 
to scale up the processes as soon as the pilot plant 
test programs are completed satisfactorily 

DEVELOPMENT POTENTIAl. OF NOVA SCOTIA OH. SHALE 
ASSESSED 

The pilot plant building was completed for startup In 
October, 1988. Initially, all of the solid streams 
were operated at room temperature and each of the 
various prices of equipment were proven. 

After cold startup, the equipment was prepared for 
hot startup. Feedstocks of oil shale particles below 
10 mesh and below one-quarter inch have been 
processed successfully. Although the plant Is still In 
its startup program, no major problems are an-
ticipated. 

Sup Efforts 

Many efforts, both theoretical and experimental, have 
been executed by the Oil Shale Industrialization 
Superintendency to promote an adequate use of oil 
shale fines. 

The current stage of the studies concerns experimen-
tal investigations in pilot plants of the entrained 
bed process (PLASOL), the spouted bed process and 
the circulating fluidized bed process. The first two 
accomplish retorting (oil production) of the fines 
while the last accomplishes the combustion (heat 
production). 

The three processes under development are expected 
to make a significant heat balance Improvement in 
any oil shale plant that processes only coarse par-
ticles, like Petrosix.

As a part of the Canada-Nova Scotia Mineral and 
Development Agreement, the Nova Scotia Department 
of Mines and Energy recently completed a re-
examination of the oil shale resources of the Stel-
larton Basin. The project was designed to comple-
ment previous studies by Incorporating technical 
analyses (oil yield, organic content, inorganic 
geochemistry, mineralogy, specific gravity and com-
bustion performance) with correlation (through con-
struction of numerous cross sections, geological map-
ping and detailed examination of core and outcrop) 
and lithologic classification of the oil shales." 

History of Interest 

The Pennsylvanian (late Carboniferous) coal-bearing 
Stellarton Formation of the Stellarton Basin 
(Figures 1 and 2) contains Nova Scotia's largest oil 
shale resource. The oil shales have attracted inter-
est as a potential source of hydrocarbons since the 
1950s and were mined on a limited scale during two 
periods: 1852-1859 and 1929-1930. In 1852 two 
slopes (the Frazier and Stellar Mines; each about 
65 meters long) were driven into the Oil-Coal 
(Stellar) Seam in the Stellarton area. Recovery of 
oil shale from the two mines was reported, In 1859, 
to be about 4,000 tons with the raw product having 
sold at $8.35 per ton. The oil shale was used for 
gas-making and distillation; some of It was exported 
to the United States oil-works and •a portion of It 
remained locally for use as a mix with coal and as 
an enricher In the manufacture of illuminating gas. 
In 1856 the Patrick Slope, located four kilometers 
east of Stellarton at McLelian's Brook, was driven 
29 meters with 18 meters of horizontal workings 
into another oil shale bed. After obtaining a bulk 
sample for analysis in England, the mine workings 
encountered a fault and the operation terminated. 
Later attempts at re-establishing a local oil shale 
Industry were undertaken In 1929 and 1930 by 
Canadian Torbanite Products Limited and Torbanite 
Products Limited. Canadian Torbanite Products 
Limited opened a slope with a processing plant, near 
the old Patrick Slope, from which a few thousand 
gallons of shale oil were produced before closing in 
1930. Torbanite Products Limited began underground 
work and retorting operations on the Brooks oil 
shale bed, near New Glasgow. The operations were 
abandoned late in 1930s when the Company's plant 
burned down. 

General Geology 

The fault-bounded Steliarton Basin of northern Nova 
Scotia occupies an area of approximately 165 square 
kilometers (Figure 2).	 It Is situated within the 
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FIGURE 1 

GEOLOGIC LOCATION OF STELLARTON BASIN 
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MAP OF STELLARTON BASIN, 
NOVA SCOTIA 
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Maritimes Basin of Atlantic Canada (Figure 1) In a 
structurally complex area between the Cobequid 
Highlands Massif and Antigonish Highlands Massif. 

From late Westphalian B to early Westphalian D time, 
2,600 meters of red-and gray-colored strata (the 
Stellarton Formation) accumulated. The Stellarton 
Formation contains four gray colored coal- and oil 
shale-bearing members, the Thorburn, Coal Brook, Al-
bion and Westville Members, and two red-bed mem-
bers, the Plymouth and Skinner Brook Members. 

Within the formation are 60 oil shale beds; these 
are assigned numbers one to 60 from youngest to 
oldest. Oil shale beds one through thirteen are 
contained within the Thorburn Member, 14-42 within 
the Coal Brook Member, 43-54 within the Albion 
Member and 55-60 within the Westville Member. The 
oil shale beds thicken and thin laterally; most have 
average thicknesses of five meters, however one oil 
shale bed, oil shale 14, attains a maximum thickness 
of 35 meters. Individual oil shale beds are laterally 
continuous (over three to five kilometers) and are 
separated by sequences of sandstone,	 sllt.stone,
claystone, coal and/or minor conglomerate. Some of 
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the oil shale beds are vertically and laterally transi-
tional to coal seams near basin margins. The most 
extensive and thickest development of oil shale Is 
contained within the Coal Brook tiember in which 
the aggregate thickness of the beds comprise 
45 percent of the section. in central basin areas, 
the Coal Brook Member is about 500 meters thick; 
the member underlies an area of approximately 
27.5 square kilometers. 

Composition and Technical Properties 

Three lithologies comprise the oil shale beds of the 
Stellarton Formation, namely fissile shale, cannel 
(massive) shale and boghead shale (stellarite). 

The fissile shales are typically dark gray to black In 
color, give a waxy light brown to dark brown streak 
and have an average specific gravity of 2.61. Or-
ganic carbon contents average 4.97 weight percent. 
Hydrocarbon yields are low and average 10.5 liters 
per tonne. Fissile shales are the most common oil 
shale lithology and they comprise a large portion of 
virtually every oil shale bed. 

Transitional to coal, cannel shales are recognized by 
a tendency to resist fracture, a conchoidal fracture 
style, a black color with a bluish or greasy luster, 
abundant vitrainous coaly laminae, and a waxy dark 
brown to black streak.	 They have an average 
specific gravity of 2.37. Organic carbon contents 
are variable ranging from 3.4-40.9 weight percent 
(average = 16 weight percent) and are rich in detri-
tal material of plant origin. Hydrocarbon yields are 
variable as well ranging from 7.0-131.5 liters per 
ton; the yields average 36.4 liters per ton. Com-
bustion performance testing from one bed gave a 
value of 7843 BTU per pound. Cannel shale, like fis-
sile shale, comprises a part of most oil shale beds 
but they form only thin sections (30 centimeters 
thick or less) and account for a small portion of 
the oil shale bed overall. 

Bogliead shale is	 recognized by	 the small 
(millimeter-scale) ellipsoidal amber-colored grains 
which they contain. Bogtiead shale is typically gray 
to brownish black In color, gives a powdery yellow 
brown streak and has an average specific gravity of 
1.81. Organic carbon contents average 20.6 weight 
percent which comprises mostly remains of algae. 
Hydrocarbon yields are up to 201 liters per ton with 
average values of 110 liters per ton. Combustion 
performance testing from 4 different oil shale beds 
gave relatively low values compared to cannel shale; 
from 151-4,511 BTU per pound. Bogtiead shales are 
known to only six of the 60 oil shale beds where 
they occur as 0.15-1.85 meter thick sections. 

Ptential Uses 

The detailed stratigraphy and technical analysis of 
the oil shales resulted in an estimated total of 
825 million tonnes of oil shale giving 168 million 
barrels of shale oil In situ from the Stellarton Basin. 
This figure represents the resource available from oil 
shale beds one to 45 and does not Include oil shale 
at depths greater than 400 meters, situated beneath

built-up areas, with maximum yields of less than 
25 liters per ton or in areas of major faulting. 
Resource estimates are not available for oil shales 
46-60. The three richest beds--oil shale five, rich 
In boghead shale (the Patrick Slope oil shale mined 
in 1856 and 1929), oil shale 22, rich in cannel shale 
(the Brooks oil shale bed mined In 1930), and oil 
shale 45, rich in boghead shale (the Oil Coal/Stellar 
Seam mined from 1852-1859)--account for 32.5 mil-
lion tonnes and 11.68 million barrels of this total. 

In terms of maximum oil yield, a yield of 250 liters 
per ton for some of the Stellarton oil shales show 
them to be comparable with oil shales elsewhere 
such as the early Carboniferous Albert oil shales of 
New Brunswick and the Cenozoic Rundle oil shales of 
Australia. However, the estimated reserves of these 
other deposits are much larger; the most economi-
cally attractive deposit of Albert oil shale is es-
timated to contain 269 million barrels of shale oil 
and the Rundle deposit has an estimated reserve of 
600 million barrels. 

Development of the oil shale resources at Stellarton 
for direct utilization as a hydrocarbon source must 
await the future due to competition from cheaper 
conventional hydrocarbons. Previous attempts at oil 
shale development and further evaluations of the 
Stellarton oil shales' potential have led workers to 
conclude that the shale oil yield is too low. These 
workers have recognized that the economies of oil 
shale development can only be enhanced through less 
expensive mining and retorting costs, increased oil 
yields and prices, and/or some use and market for 
the byproducts of shale oil production. 

The Stellarton study team therefore recommended 
that future investigations focus on Improvements in 
retorting technology and on a scheme for indirect 
uses for the oil shales. In New Brunswick, for ex-
ample, the oil shales there are non-economic based 
on their oil yield but are currently attracting atten-
tion because of their carbonate-rich character. The 
potential which they offer is in shale oil recovery 
followed by co-combustion with high sulfur coal 
during thermal power generation to reduce sulfur 
emissions. Although this co-combustion process is 
not suited to the Stellarton oil shales because of 
their silicate-rich nature, It serves to illustrate the 
type of innovate approach required to develop an 
otherwise unexploitable resource. 

Some effort has been directed towards improvement 
in retorting technology of the Stellarton oil shales. 
Early work demonstrated that the heating rate during 
pyrolysis has a considerable effect on the pyrolysis 
products; fast rates yielded the greater quantity of 
liquid product and slow rates gave tower yields (but 
higher quality oil). 

More recent efforts have studied the treatment of 
oil shales by heavy liquid separation and tabling, 
conventional flotation and oil agglomeration/brine 
flotation for the purpose of concentrating the or-
ganic component and thereby increasing hydrocarbon 
yields. 
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Potential multiple uses of the oil shams have also 
received some attention including: 

Use of the oil shale ash to produce In-
dustrial materials. Some effort has been 
directed towards Investigating the use of the 
Stetlarton oil shale as raw material for con-
crete and as additives to paint and rubber 
products by lCnd1er. 

Recovery of ammonia gas during pyrolysis to 
produce ammonium sulfate fertilizer. Am-
monium sulfate yields of 4.3-20.5 kilograms 
per ton have been reported for various Stel 
larton oil shale beds. 

Co-processing of the Stellarton Oil Coal Seam 
and underlying boghead shale-rich shale 45. 
The potential offered by this scheme Is the 
recovery of oil and gas through distillation 
of the oil shale-coal mix followed by 
electric power generation through the burning 
of the residue.

The	 authors	 suggest	 that	 the high hydrocsr-
bon yields and calorific	 values	 obtained from 
the	 cannel	 shale	 of	 the	 Stellarton oil	 shale 
bed	 22,	 offers	 the	 potential	 for shale	 oil 
recovery	 followed	 by	 combustion of	 the 
residue	 to	 generate	 electricity.	 The	 shale 
oil	 produced	 by	 pyrolysis	 was of	 light 
quality,	 0.8944	 specific	 gravity.	 Combustion 
testing	 gave	 a	 calorific	 value	 7843 BTU	 per 
pound	 which	 is	 better	 than	 that obtained 
from lignites	 currently mined In Saskatchewan 
and	 British	 Columbia	 for	 use	 in thermal 
power generation.	 This potential use Is par-
ticularly,	 attractive	 since	 the	 cannel	 shale-
bearing	 oil	 shale	 bed	 is	 currently stripped 
away as waste from	 an underlying claystone 
bed	 which	 Is	 being	 mined	 in	 an open	 pit 
near New Glasgow	 for use in brick manufac-
ture.
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ENVIRONMENT 

SALT MOVEMENT THROUGH GROUNDWATER TRACKED 
AT ANVIL POINTS SITE 

Researchers at Pacific Northwest Laboratories have 
attempted to determine the effects of the disposal 
and leaching of retorted shale and other wastes on 
the water quality of the local drainage at the old 
Bureau of Mines retorting pilot plant at Anvil Points, 
Colorado. The field study was begun in 1979, and 
results were recently described in the Journal of En-
vironmental Quality. 

The Anvil Points site was chosen for oil shale 
development work starting In 1944. The purpose of 
the environmental studies was to (1) identify key 
parameters for and verify the results of laboratory 
Investigations on the mobility of soluble components 
from materials disposed or in the ground, and 
(2) evaluate the effect, if any, of 35 years of oil 
shale operations on existing surface or alluvial 
groundwater quality. 

The Rifle Oil Shale Facility was located on the 
Naval Oil Reserves No. 1 and No. 3, 12.9 kilometers 
west of Rifle, Colorado and situated on the 
southeast margin of the Piceance Creek Basin below

the Roan Cliffs. Climate of the region is semi-arid; 
precipitation averages 33 centimeters in nearby Rifle 
and is evenly distributed throughout the year. Most 
winter precipitation fans in the fort of snow, 
whereas localized thundershower activity charac-
terizes summer precipitation. The site includes the 
West Sharrard, Anvil Points, and Baizac drainages. 
These drainages discharge directly to the Colorado 
River, about 4.8 kilometers below the oil shale 
operations. West Sharrard drainage, Immediately to 
the east of the oil shale facility, was the primary 
recipient of disposed retorted shale and process 
waters.	 West Sharrard drainage has a small inter-



mittent surface flow with little or no discharge into 
the Colorado River during the late summer. Its 
headwaters originate from seeps below talus in col-
luvium and directly from the lower Green River For-
mation approximately 1.5 kilometers above the site 
(2,012 meters elevation). The stream has a steep 
longitudinal gradient (approximately 427 meters In 
5.3 kilometers) from its origin to its discharge into 
the Colorado River. The waste disposal area most 
likely to have affected the surface or groundwater 
quality Includes the waste shale pile and the previ-
ously unlined evaporation pond (Figure 1). 

FIGURE 1 

OIL SHALE FACILITY, ANVIL POINTS, COLORADO 

Lonlad .c.4100m	 .	 UaIin.d nd Unuad Enoot.tlon P.nd. 
.n So Sc ('000rn to ,0 ml 

(53 mow ins 0,..,..,	
Row SP.oI. Finap 

.0 wont and Oil 0,.e..'g. (ton. non.,.o ins 0.n.nnt See 	 0.... .0 P11. 
Old W.n I '00 Sn.... S.d Din... 	 (j) Ann .0 Dr.. Mm., Stolid. 
Ut.od E.na.hoa PanS	 We AV S Dnmt.Iion of MSII WoOl. 

2-37	 SYNTHETIC FUELS REPORT, JUNE 1989



Solid and Liquid Wastes	 lined ditch also served as a source of continued in-
filtration into the alluvium. 

According to available records, an estimated 200,000 
tons of retorted shale and 146,000 torts of raw shale 
were disposed during the 35 years of periodic 
research operations at Anvil Points. This material 
was disposed over a distance of 220 meters to the 
west side of the West Sharrard Drainage adjacent to 
the experimental retort. The unconsolidated pile ex-
tends 38 meters vertically to the canyon bottom. 

From 1947 to 1972, an industrial sewer drain line, 
Installed by the United States Bureau of Mines, dis-
charged an estimated 100 to 1,000 cubic meters of 
process water into the retorted shale disposal area. 

From too 1940s through the 1960s, waste waters, in-
cluding unknown quantities of sulfuric acid-treated 
water used in refinery operations were discharged 
Into unlined evaporation ponds. Significant amounts 
of waste water Infiltrated into the alluvium prior to 
evaporation. In 1974 the Paraho Development Cor-
poration removed all industrial sewer drains and 
rerouted them to the newly lined evaporation pond 
(Figure 1). Water in the lined pond exhibited specific 
conductivities exceeding 500 siemens per meter. 

Leakage of the old drinking/sanitary water lines 
could also have provided a significant volume of 
water for movement of materials to groundwater in 
this semi-arid region. Records from April through 
November 1980 indicate average daily losses of 
130 cubic meters, with single-day maximums of 
greater than 1,500 cubic meters. This compares to 
an average surface stream flow of 130 cubic meters 
per day, which In the West Sharrard drainage is only 
exceeded during the spring runoff or during short -
duration, high-intensity rain storms. This water, al-
though initially of low specific conductivity 
(<200 siemens per meter), infiltrated the surface soil 
and subsoil, leaching significant amounts of soluble 
salts at and below the depth of annual moisture 
penetration. 

The retorted shale pile and the raw shale fines pile 
(materials less than one centimeter diameter removed 
prior to retorting by the Paraho process), were 
originally separated, but overlapped during operations 
from 1964 to 1968. in January 1979, it was dis-
covered that combustion had initiated in the raw 
shale pile, resulting in a discharge of oil and water 
from the bottom of the pile. Snowmelt carried an 
unknown volume of the oil into the stream. Small, 
tar-like composites found along the streambed im-
mediately below the pile were removed by hand in 
the spring of 1979, and an unlined diversion ditch 
was constructed to drain oil and waters from the 
base of the waste shale pile Into the lined evapora-
tion pond. 

The pile also functioned as an artificial recharge 
area,	 facilitating the infiltration of	 incident 
precipitation to the alluvium. This was encouraged 
by the coarse texture and dark color of the shale, 
which absorbed radiant energy, and by the smolder-
ing of the pile, which rapidly melted winter snowfall 
and reduced moisture loss by sublimation. The Un-

Surface Waters 

Investigations over a two-year period indicated that 
flow of the West Sharrard Stream varied between 
extremes of no flow and >0.08 cubic meters per 
second. The higher flows were caused by snowmelt 
during warm periods (January-May); base flow was 
maintained by discharge from surrounding alluvium 
after snowmelt. When the flow rate decreased 
below 0.003 cubic meters per second (June-
December), significant variations In the flow rate as 
a function of streambed distance occurred. In the 
streambed distance from -450 meters downstream to 
-300 meters, variation was due primarily to infiltra-
tion into the alluvium,	 but below this point
(-300 meters to +200 meters) discharge Increased as 
alluvial waters re-emerged into the streambed. In 
the area downstream of +2,000 meters, toward the 
Colorado River, infiltration losses were cumulative. 
For example, in July, up to half of the total flow 
Infiltrated into the alluvial fan (+2,000 to 
+4,200 meters) before discharging Into the Colorado 
River. At other times of the year, total infiltration 
of	 all
	 water	 occurred	 prior	 to	 reaching

+1,500 meters. 

Coupled with the seasonal changes In flow, two dis-
tinct types of spatial and diurnal flow fluctuations 
were observed on the West Sharrard Stream. The 
first type was characterized by a relatively constant 
flow during the morning, reducing significantly be-
tween 1200 hours and 1700 hours as a result of 
transpirational demand by vegetation (pinyon-juniper) 
in the streambed. 

A second type of diurnal fluctuation in stream flow 
occurred at infrequent intervals during winter and 
spring when snow cover was significant and the air 
temperatures ranged from below freezing in the eve-
ning and early morning to above freezing during the 
day. As the air temperature increased, snowmelt in-
creased; under these conditions flow rate varied In 
direct response to temperature, wind, cover, and 
amount of snow cover. 

Diurnal flow fluctuations in the area above the dis-
posal site did not alter specific conductivity more 
than 10 percent. 

Changes In the quality of water down the streambed 
were more pronounced. The seeps +600 meters 
below the retorted shale pile had the most marked 
influence (Figure 2).	 The seeps were exposed In
May 1979 by a 100-year flood, which scoured the 
stream bottom. The seepwater (with specific con-
ductivities ranging from 300 to 700 siemens per 
meter) was of a different quality than the main 
stream, and the effect of the seep on stream water 
quality was magnified at the lower flows, in fact, 
at certain times the major portion of the stream 
flow below +600 meters was due to seep water. 
The combined effects of the flow rate of the 
stream, the diurnal transpiration demand and the 
seep water on the water quality below 600 meters 
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Is Illustrated by measurements on August 9, 1979 and 
September 9, 1979. The increase in specific conduc-
tivity of the stream water on September 9, 1979 
over the streambed distance +2,100 to +3,400 meters 
(Figure 2) was a delayed result of the diurnal 
stream flow. Infiltration of the stream water 
(principally seep water) into the alluvial fan oc-
curred In the afternoon when flow rate decreased in 
response to Increased transpiratlonal demand. The 
resumption of flow in the morning, following the 
reduced transpirational demand in the evening, 
flushed the streambed with water of lower conduc-
tivity, liberating a pulse of higher conductivity seep 
water, which had infiltrated the previous thy. 
Measurements were not undertaken over the 
streambed interval 1,800 to 3,600 meters, but the 
higher flow on August 9, 1979 would probably have 
minimized the effects of flushing phenomena. The 
source of the water with elevated specific conduc-
tivity at seep +600 meters Is of major Importance In 
the evaluation of the effects of past oil shale waste 
disposal.

FIGURE 2 
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Seasonal fluctuations occurred in the water levels of 
the alluvial wells, but the timing of the response 
was quite different than the surface stream. The 
maximum water levels in the alluvium occurred in 
January and February. The high levels appeared to 
result primarily from reduced transpirational demand 
and not from snowmelt and runoff; maximum surface 
flows due to snowmelt did not occur until mid-
March. The response of alluvial waters to snowmelt 
appeared to be reflected in the second, less intense 
increase In water level observed In May and June. 
Minimum water levels occurred from August through 
October,	 a period of significant transpirational 
demand and low surface water flows.

The salt content of the groundwater varied sig-
nificantly between well locations (Figure 3). The 
waters in wells AV-4A and AV-48, closest to the 
disposal site, exhibited the highest specific conduc-
tivity, approximating that In the seep at strearnbed 
location +600 meters. All wells below the disposal 
site had significantly elevated specific conductivities 
relative to the wells above the site (AV-6 and 
AV RB); for the most of the year, the specific con-
ductivities in the 'veils below the disposal site were 
inversely related to the distance from the disposal 
site. The salt contents of water in wells AV-6 and 
AV-8B were elevated above the levels observed in 
the surface stream except during those runoff events 
In which suspended particulates originated from the 
Wasatch Formation. During these periods, the 
specific conductivities of waters in wells AV-6 and 
AV-89 were similar to the surface stream water. 
Thus, wells AV-6 and AV-8B located above the dis-
posal site represent unimpacted alluvial groundwaters. 

FIGURE 3 
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Results 

The researchers conclude that oil shale operations 
over the past 35 years have resulted in elevated 
salt concentrations In alluvial groundwaters and sur-
face waters downstream of the disposal site. In-
creased salt concentrations In waters below the site 
resulted from a combination of trace contaminant 
sources, including an unlined evaporation pond, leak-
ing sanitary water that leached salts from shale and 
subsoils, and the raw/retorted oil shale pile. 
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WATER 

PROTECTION URGED FOR RAZORBACK SUCKER IN 
COLORADO RIVER 

A half-dozen state and national conservation groups 
have asked the United States Fish and Wildlife Serv- 
Ice to list the razorback sucker as a federally 
protected endangered species. 

The Sierra Club, the Wilderness Society, the National 
Audubon Society, the Southern Utah Wilderness Al-
liance, the Colorado Environmental Coalition and the 
Northwest Rivers Alliance petitioned the Fish and 
Wildlife Service in March. 

The razorback sucker is one of six species of fish 
found only In the Colorado River and its tributaries. 
Three of the native species, the Colorado squawflsh, 
the bonytail chub and the humpback chub, already 
are on the federal endangered species list. 

According to the Sierra Club, 'the razorback Is 
clearly much rarer than the squawfish and It appears 
It may be rarer than the humpback. Experts agree 
that unless significant action Is taken in the very 
near future, the razorback will become extinct in 
the wild." 

Conservationists are worried that the decline in the 
number of razorbacks is indicative of an even 
greater problem, Cheever said. 

"If a native fish like the razorback sucker is no 
longer able to survive in habitat that has sustained 
it for thousands of years, it's a sign of a larger 
problem in the Colorado River system," said the 
Sierra Club. 'the Fish and Wildlife Service must act 
before conditions grow any worse." 

The largest populations of razorbacks are In the 
Green River between the Yampa and Colorado riven. 
Smaller populations also have been found in the area 
known as the 15-mile reach of the Colorado River, 
which runs from the Grand Valley Irrigation 
Company's diversion dam south of Palisade to the 
confluence of the Colorado and Gunnison rivers. 

The Fish and Wildlife Service has 90 days to make a 
preliminary determination on the conservationists' re-
quest and one year to decide if the razorback 
should be added to the federal list. 

COMPANIES FILE WATER RIGHT APPLICATIONS IN THE 
PICEANCE BASIN 

The Office of the Water Clerk, Colorado Water Divi-
sion No. 5 has reported Applications for Quadrennial 
Finding of Due Diligence for oil shale related water 
rights held by a number of companies.

White River Resources and OCISCkIItaI Oil Shale 

White River Resources and Occidental Oil Shale filed 
Application for Quadrennial Finding of Reasonable 
Diligence for the White River-Picennce Creek Pipeline 
in Rio Blanco County. The intake of the pipeline is 
located on the South bank of the White River in 
Section 25, TIN, R96W. The source is the White 
River, in the amount of 100 cubic feet per second. 
Use,	 Industrial, domestic, municipal, recreation and 
irrigation. 

The companies also filed Application for Quadrennial 
Finding of Reasonable Diligence for the Powell Park 
Reservoir in Rio Blanco County, in Section TIN, 
R96W. The Source is the White River, in the 
amount of 75,970 acre feet. 

Trace Corporation 

Tcoco Corporation filed quadrennial reasonable 
diligence applications for Miller Creek Reservoir and 
Miller Creek Reservoir, First Enlargement. The dam 
is located in Section one, T2S, R93W on Miller Creek 
In Rio Blanco County, tributary to the White River. 
The reservoir has been awarded 22,600 acre feet and 
the enlargement an additional 23,300 acre feet of 
storage capacity. Uses of water to be stored in 
the reservoir include Industrial, domestic, municipal, 
recreation, irrigation, power, mining, retorting, refin-
ing, dust control and reclamation. 

Tosco also filed a diligence application for the 
Ohio/Ertl Pipeline, located on the south side of the 
White River In Section two, TIN, R971Y in Rio Blanco 
County. The source of water is the White River 
and the amount is 55 cubic feet per second to be 
used for industrial, domestic, municipal and irrigation 
purposes. 

Also included In the Tosco filing is a reasonable 
diligence application for Story Gulch Reservoir, and 
Story Gulch, First Enlargement. The dam is located 
in Sections five and six, T4S, R95W in Rio Blanco 
County. The source of the water for the reservoir 
may be the alternatives Story Gulch and its 
tributaries upstream from the dam; the White River 
through Story Gulch/Parachute Creek Pipeline and the 
Ohio/Ertl Pipeline; and from Hunter Creek Reservoir. 
The amount is 25,000 acre feet of water for in-
dustrial, domestic, municipal, recreational and irriga-
tion purposes. 

The application for Story Gulch/Parachute Creek 
Pipeline notes that the original point of diversion is 
located on the south side of the White River in 
Section 33, TIN, R93W in Rio Blanco County. The 
source of water is the White River and the amount 
is 55 cubic feet per second, for industrial, domestic, 
municipal and irrigation purposes. 

The application for Hunter Creek notes that It Is lo-
cated In Section 27, T2S, R97W in Rio Blanco 
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County. The source of water for the reservoir may 
in the alternative be Hunter Creek and its 
tributaries upstream from the dam site; the White 
River through the Ohio/Ertl Pipeline and the Story 
Gulch/Parachute Creek Pipeline; the Colorado River 
through the Oil Shale Corporation Pipeline; and from 
Story Gulch Reservoir. The amount of storage Is 
24,363 acre feet of water to be used for industrial, 
domestic, municipal, recreational and irrigation pur-
poses. 

Union Oil Company 

Union Oil Company of California filed Application for 
Quadrennial Finding of Reasonable Diligence and to 
Make Absolute Conditional Water Rights on several 
wells in Garfield County: 

Union 76 Water Well No. 2 
Union 76 Water Well No. 3 
Union 76 Water Well No. 4 
Union 76 Water Well No. 5 
Union 76 Water Well No. 6 
Union 76 Water Well No. 6A 

The wells are located In Sections 25, 33 and 36, 
TSS, R96W. 

The water source in each case Is the alluvium of 
Parachute Creek, tributary to the Colorado River. 
The amounts are: 

Well No. 2, 28 gallons per minute 
Well No. 3, 235 gallons per minute 
Well No. 4, 250 gallons per minute 
Well No. 5, 250 gallons per minute 
Well No. 6, 325 gallons per minute 
Well No. 6A, 60 gallons per minute

The wells were awarded conditional and absolute 
water rights for domestic, municipal, Irrigation and 
all other uses related to the provision of a water 
supply for Unocal's oil shale mining, processing and 
refining facilities and operations. 

The application notes that the wells comprise an in-
tegral part of the existing and future water system 
to supply Unocal's oil shale projects in the Parachute 
Creek drainage. During the diligence period, Unocal

has continued to operate its Phase I (10,000 barrels 
per day design capacity) Parachute Crock Shale OH 
Program. The wells have been used to supply In-
dustrial and domestic water to Unocal's mine, retort 
and upgrade facilities. Unocal's shale oil production 
has not yet reached the full 10,000 barrel per day 
design capacity. As progress continues toward that 
production level, Unocal's demand for water from the 
wells will Increase. 

During the diligence period, Unocal continued to plan 
for the expansion of its Parachute Creek Shale Oil 
Program, Phase ll (80,000 barrels per day design 
capacity). The wells will be a primary source of 
supply for continued operation of Phase I as well as 
for construction of Phase II and will remain on line 
as a supplemental supply in the operation of Phase 
II. Permitting for Phase II was completed by Unocal 
during the diligence period at a total cost of 
$739,470. 

Unocal has undertaken to develop a recharge 
program to Increase the physical supply of water 
available to the wells. Work on that program during 
the diligence period included an engineering analysis 
of the recharge capability of the alluvial aquifer 
supplying the wells and legal and engineering efforts 
associated with filing and prosecuting a Water Court 
application. 

Unocal has participated in numerous cases in the 
Water Court for the purpose of protecting its water 
rights, including the conditional water rights of the 
wells, from injury as a result of changes of water 
rights and related actions proposed by others. 
Unocal's expenses during the diligence period for 
legal and engineering services related to the Water 
Court cases and other activities for protection and 
development of Unocal's water rights, including the 
conditional water rights for the wells, total more 
than $300,000. Also, in connection with the protec-
tion and development of its water rights in the 
Parachute Creek drainage, Unocal has spent $37,750 
for maintenance of stream gauges in the Parachute 
Creek drainage. 
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UTAH OIL SHALE LEASES ISSUE) 

Oil Shale Lease Applications Approved 

The applications listed below were filed for Oil 
Shale Lease on lands offered by simultaneous Offer-
ing. Upon recommendation, the Director of the 
State Lands approved the high bid for the first 
year's rental, $1.00 per acre per annum thereafter, 
and royalty as provided in the lease form approved 
by the Board of State Lands. 

Mm. Lease Appi. No. 44278	 Grand County 
Kinibrough P. Lowe	 640.00 acres 
Ogden, Utah 

Mm. Lease AppI. No. 44279 Grand County 
Kimbrough P. Lowe 639.88	 acres 
Ogden, Utah 

Min. Lease AppI. No. 44366 Ulntah County 
Magic Circle Energy Corporation 640.00 acres 
Oklahoma City, Oklahoma 
High Bid: $2,100.00 
Other Bid: 
Lekas,	 Mitchell A. $1,062.40 

Mm. Lease Appl. No. 44367 
Magic Circle Energy Corporation 
Oklahoma City, Oklahoma 
Only Bid: 

Mm. Lease AppI. No. 44368 
Geokinetics, Inc. 
Salt Lake City, Utah 
Only Bid: 

Canceled Mineral Leases

Uintah County 
643.12 acres 

$2,100.00 

Uintah County 
466.91 acres 

$784.56 

The following Oil Shale Leases were not paid on or 
before the cancellation date. Certified notices of 
Cancellation were mailed. 

Name	 Account No. 

Chester Cieslelski ML 30181-DO 
Samuel Gillespie ML 30181-T 
Magic Circle Energy Corporation ML 20698 
Magic Circle Energy Corporation ML 20703 
Gerald B. Powell ML 42664 
Gerald B. Powell ML 42755

#444 

Two NAUCOLITE MINING PROJECTS UNDER WAY ON 
Oil. SHALE LANDS 

Two competing projects both say they intend to 
develop commercial solution mining projects on 
sodium mineral leases in Colorado's Piceance Creek 
Basin.	 Both have also recently lined up significant

RESOURCE 

corporate partners. The sodium mineral leases do 
not allow for recovery of the huge oil shale 
resources present on the leases. 

NaTec Project 

Until this year, NaTec Limited was a 50-50 joint 
venture between Industrial Resources Inc. of 
Lakewood, Colorado and CBS Sirrmne Inc. of Houston, 
Texas. In April Church & Dwight Co., the country's 
largest sodium bicarbonate producer, said that it has 
agreed in principle to acquire an ownership position 
In NaTec. 

In	 return for	 its	 ownership,	 Church	 & Dwight	 will 
enter	 into a	 "multi-year"	 commitment to provide 
NaTec with "substantial supplies" of	 synthetic sodium 
bicarbonate for use In reducing SO2 and NO x in flue 
gas. 

The reorganized NaTec will continue to hold Federal 
leases for subsurface rights to nahcollte--the natural 
sodium bicarbonate--and will own Church & Dwight's 
technology Involving bicarb preparation and disposal 
of power plant fly ash, 

While Industrial Resources has been in existence 
since the early 1980's, the NaTec partnership with 
CBS Sirrine wasn't formed until last year, giving it 
some financial clout. 

Church & Dwight's decision to team up with NaTec 
seems to send mixed signals: on the one hand, It 
provides guaranteed outlet for "significant" quantities 
of sodium bicarbonate, at least until NaTec's nah-
colite plant Is complete; on the other hand, it can 
be seen as an admission that its synthetic bicarb-

sed desuifurizatlon process Is not competitive with 
naheolite. 

Already, one utility company, Public Service Company 
of Colorado, has chosen sodium desulfurization tech-
nology for a power plant, and others are likely to 
follow. 

Industrial Resources holds an 8,300-acre federal 
sodium mineral lease 20 miles west of Rio Blanco, 
Colorado. Some 1,800 feet below the surface lies a 
vast geological deposit of nearly pure sodium bicar-
bonate. By 1991, NaTec expects to start full-scale 
mining of the nahcolite and marketing its pollution 
control systems. 

Analysts	 say the	 market	 for nahcotlte	 and	 similar 
commodities could be worth	 $1 billion	 a	 year,	 par-
ticularly	 if Congress imposes	 new,	 stricter	 rules	 on 
power plants emissions to curb acid rain.

NaTec plans to mine nahcolite by pumping a leaching 
liquid into the mineral underground. The sodium 
bicarbonate dissolves into the liquid which then is 
collected, brought to the surface, and dried. 	 The
result Is 98 percent pure sodium bicarbonate. 
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At the power plant, the ground-up nahcolite is 
blown into the exhaust system before the waste 
gasc.s escape up the smokestack. The sodium bicar-
bonate absorbs the sulfur compounds that cause acid 
rain. 

Deniscm Resources Project 

Denison Resources Corporation is also poised to begin 
mining sodium in Rio Blanco County. 

The corporation, a subsidiary of Denison Resources 
Limited of Brisbane, Queensland, Australia, has com-
pleted a purchase agreement with Eisenman En-
terprises Inc. for the Rock School sodium lease lo-
cated between Rifle and Meeker in Rio Blanco 
County. Over the next two years, the firm plans to 
invest $10 million In plant and equipment for 
recovery of 50,000 tons of sodium per year. 
Denison, which owns 70 percent of the Rock School 
lease and associated properties, with 30 percent held 
by Colorado investors, plans to start work im-
mediately to get the environmental and operating 
permits needed to extract the sodium salts and 
process them into sodium bicarbonate and sodium 
carbonate. 

The initial plant, which willbe a semicommercial 
operation, will be built in 1991 and will begin 
production late that year. It is expected to 
produce 50,000 tons of chemicals per year. 

The sodium bicarbonate will be food and drug-grade 
quality and will be sold into traditional markets. 
The sodium carbonate will be a very low density 
material with numerous industrial applications, espe-
cially in soap and detergent manufacturing. 

The long-term goal of the project Is annual produc-
tion of 300,000-400,000 tons for use in removing

sulfur dioxide and nitrogen oxide from the flue gas 
of coal-fired utilities and industrial operations. 

The Colorado sodium deposits became of interest to 
the Australian parent company because it owns 
similar mineral deposits in Queensland and has con-
siderable recovery experience. 

Since 1985, it has been developing those resources, 
using several geologists and engineers knowledgeable 
with the Colorado minerals and their geochemistry. 

Denison will also use a solution-mining technique to 
recover the nahcollte. That means injecting water 
underground and extracting a solution containing the 
soluble salts. 

New Road Puath May be Needed 

The prospect of sodium mining in the Piceance Basin 
--like oil shale development a decade ago--has 
spurred a push for inclusion of a Rio Blanco County 
road in the state highway system. 

Rio Blanco County officials say they thought they 
had a deal with the state back In the mid-1970s 
when they took over another road from the state. 
But the Piceance Creek Road, a 42-mile loop that 
runs west off Colorado 13 and north to Colorado 64 
never got into the state system. 

Now, with two sodium mines gearing up for large-
scale production in the early 1990s, the county 
wants the state to take over the road. 

Members of the Colorado Highway Commission noted 
If traffic volume warrants and if the road meets 
state highway standards, It might be included. 
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SOCIOECONOMIC 

EFFORT STEPPED UP TO Sf1. BATtLEMENT MESA 

Seven years ago this May, Exxon shut down the 
$5 billion Colony shale-oil project, and has been 
trying to sell its never-finished company town ever 
since. 

Battlement Mesa Inc., a wholly owned subsidiary of 
Exxon Corporation was spending more than $1 million 
a week in 1980 and 1981 to develop the 3,200-acre 
community of Battlement Mesa, 50 miles west of 
Glenwood Springs and 50 miles east of Grand 
Junction. Company officials were preparing for an 
expected influx of 25,000 workers and their families. 

However, it all came to an abrupt stop on May 2, 
1982. Now, some of the 1,500 residents who remain 
say real estate people are more interested in show-
ing newly built, one-level retirement homes than 
their two-story and tn-level homes. Most of those 
who are trying to sell are young families with 
children who can't find sufficient work in the area 
and find themselves in what is rapidly becoming a 
retirement community. 

Battlement Mesa changed its course to accomplish 
that. it issued colorful brochures that extolled the 
community's "magnificent recreational living." it 
touted the mild climate, clean air, outdoor living, 
new $12 million, 18-hole championship golf course, 
and athletic club with Olympic-sized pool. 

The sales efforts were targeted to active adults, be-
tween 48 and 70, financially independent and not in 
need of medical care. 

Although Exxon formally announced that the com-
munity was for sale only last year, it has actually 
been on the market since 1982. The company has 
invested some $125 million in the community, and it 
Is looking for "the right company that would pay 
the night price."

In 1988, Exxon shifted to an outside broker, 
Cushman & Wakefield Inc. of Denver, in its quest for 
a buyer-developer. 

The	 offering	 includes	 about	 1,500	 lots with	 water, 
sewer,	 gas	 and	 phone	 connections in	 place; 
300	 modular	 home	 rental	 units;	 almost 400	 apart-
ments;	 73	 guest	 suites;	 a	 44	 space recreational 
vehicle	 park;	 a	 half-empty	 commercial shopping 
center;	 space	 for	 an	 additional	 2,400	 single	 family 
homes and 4,500 medIum-or high-density town homes, 
condos	 and	 apartments;	 and	 25	 miles of	 paved, 
taxpayer-maintained roads.

To date, just over 100 homes have been sold, and 
more are being built. 

UNOCAL CAMP CONSIDERED FOR PRISONERS 

Colorado Department of Corrections officials have 
said they would Like to buy the vacant oil shale 
man-camp owned by Unocal Corporation five miles 
from Parachute to house 200 to 300 prisoners. 

However, Unocal says it has two buyers lined up to 
buy and remove the 750-person trailer camp. That 
would be the company's first choice. According to 
state officials, the Parachute man-camp Is "a 
stand-alone facility," which could be opened as a 
minimum security prison after building an 18-foot 
fence and installing a security system. 

Facing a serious overflow of state prisoners, the 
Department of Corrections has asked the Legislature 
for $12.7 million for a stop-gap prison. 
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RECENT OIL SHALE PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Twenty-Second Annual Oil Shale Symposium, April 19, in Golden, 
Colorado: 

Browning, J., at al., "Beginning of an Oil Shale Industry in Australia." 

Qian, J. L., at al.,	 'Oil Shale Research in the People's Republic of China." 

Smith, W. D., at al., "011 Shales of the Stellarton Basin of Northern Nova Scotia, Canada: Stratig-
raphy, Composition, Depositional Environment and Potential Uses,' 

Liu, C., at al., "Some Characteristics of Oil Shales in China," 

Ilommert, P. J,, at al., "Application of Computer Blast Modeling to Oil Shale Mining." 

Virgonn, J. E., at al., "Results of the Water-Jet-Assisted Mechanized Oil Shale Mining Factory Tests." 

Salon, 0., "Development of Blast Rounds and Production Drill Bits," 

Weiss, E. S., et al., "Assessment of Gas and Dust Explosion Hazards in Oil Shale Mining Using ANFO." 

Shadle, L., "Kinetic Studies on Rapid Oil Shale Pyrolysis." 

Coburn, T. T., at a)., "Isothermal Pyrolysis and Combustion of Oil Shale in Steam." 

McMahon, M. A., et al., "Flash Hydrotorting of Colorado Oil Shale." 

Taylor, R. W., et al., "Oil Shale Loss as Dust From a Laboratory Fluidized Bed." 

Piper, E., et al., "Oil Shale Fines Process Developments in BraziL" 

Britton, K., "The Case for In Situ." 

Mushrush, G. W,, et al.,	 "Interactive Chemical Effects and Instability of Shale Derived Middle 
Distillate Fuels." 

Knutson, C. F., at a)., "History and Some Potentials of Oil Shale Cement," 

Lukens, L. A., "New Paraho Shale Oil 1988 Program Results." 

Sinor, J. B., "Niche Market Assessment for a Small-Scale Western Oil Shale Project." 

Skinner, Q. D., et al., 	 "An Evaluation of Hydrologic, Geotechnical, and Chemical Behavior of
Processed Oil Shale Solid Waste I: Program Overview and Description of Research." 

Reeves, T. L., et al., "An Evaluation of Hydrologic, Geotechnical, and Chemical Behavior of Processed 
Oil Shale Solid Waste II: The Use of Time Domain Reflectometry for Monitoring In Situ Volumetric 
Water Content in Processed Oil Shale." 

Bothwell, R. A., at al.,	 "An Evaluation of Hydrologic, Geotechnical, and Chemical Behavior of 
Processed Oil Shale Solid Waste III: Shear Strength of the Retorted and Combusted Oil Shale Waste." 

Gulilford, A., "Boom Town Blues: Oil Shale and Exxon's Exit." 

Hamarneh, Y. M., "Jordanian Oil Shale Future Processing and its Impact on the Environment." 

Lin, M., at al., "A Study of Ignition of Oil Shale and Char." 

Urov, K. E.,	 "Specific Features of Catagenetically Transformed Oil Shales (c 'n an Example of Or-



ganogenous Rocks of East Siberia and the Arctic)." 
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OIL SHALE - PATENTS 

"Process for Removing Mineral Impurities From Coals and Oil Shales," Robert Lloyd, Maxwell J. Turner - Inventors, 
United States Patent Number 4,804,390 February 14, 1989. A process for removing mineral impurities such as 
metal oxides from coal and shale oil structures is disclosed. The process is carried out by subjecting crushed 
coal or shale to a hydrogen fluoride leaching solution, separating the [IF leach liquor from the coal or shale, 
washing the coal or shale with water, leaching the washed coal or shale with hydrogen chloride solution, 
separating the hydrochloric leach liquor from the coal or shale, washing the coal or shale with water, and 
removing residual impurities from the treated coal or shale by heating under a vacuum. The process allows for 
the recovery of carbons and hydrocarbons of high purity from coal or shale which do not require expensive 
emission control equipment, when combusted. 

"Static, Gravity-Flow Mixing Apparatus for Particulate Matter," Walter Albertson, Darcel L. Hulse, Chien-Cheng 
Slith - Inventors, Union OH Company of California, United States Patent Number 4,813,788 March 21, 1989. 
Gravity flow mixing apparatus for the packed bed flow mixing of particulate matter, such as hot, retorting oil 
shale, comprises a mixing tower having therein a plurality of parallel mixing tubes. A plurality of three dimen-
sional mixing members are axially spaced apart at about 600 to about 120 0 rotational separation so that, with 
packed bed flow through the tubes, each member is below the particulate matter repose surface at the above-
adjacent member. Means are included for introducing a cooling fluid, preferably water, into the tubes just above 
one or more of such repose surfaces, apertures being provided in the tubes to enable disengagement of gases, 
for example, steam, from the particulate matter. Comprising each mixing member are primary, secondary and 
tertiary mixer elements. The primary element has a "VP' shaped free edge and the secondary and tertiary ele-
ments each have first and second triangular sides connected together to form a linear peak and define a 
tetrahedral shape, the tertiary element being substantially smaller than the secondary element. The secondary 
element is joined to the primary element so that the secondary element projects upwardly and outwardly from 
the primary element. In turn, the tertiary element is joined to the secondary element so that the linear peaks 
of each meet at an obtuse angle, the tertiary element thereby projecting forwardly and outwardly from the 
secondary element at upper regions thereof. Corresponding mixing methods are provided. 

"System for Recovery of Petroleum From Petroleum Impregnated Media," Calhoun G. Jeambey - Inventor, United 
States Patent Number 4,817,711 April 4, 1989. Process for In situ recovery of carbonaceous values from under-
ground petroleum Impregnated media such as oil shale, under controlled radiation from a microwave distributing 
source adjacent the media, e.g. in a borehole, effected in the absence of air, such that the radiation is dis-
tributed at least initially at incrementally increasing power and/or at least initially in intermittent interval 
cycles of on and off duration of the microwaves, for selective pyrolysis of the organic content of the media to 
liqald, vapor and gas form as the case may be under autogenous pressure In the pores of the media for driving 
the organic constituents therefrom for appropriate recovery, e.g. via the borehole, including breakup of larger 
molecules, e.g. hydrocarbons, for selective increase In the noncondensable gas quantities in proportion to the liq-
uid and/or condensable oil vapor quantities, plus pyrolysis scavenging of residual carbon coke by gasification 
thereof to noncondensable gas constituents, optionally using a portion of the recovered noncondensable gases to 
produce electrical energy for energizing the microwave source, and conjoint probe apparatus having an adjustable 
extendible probe end for embedding In the porous media for in situ sensing of changes In the dielectric constant 
of the carbonaceous constituents undergoing microwave pyrolysis, and a mechanism for indicating the sensed 
ctaages, for adjusting the radiation in dependence upon such changes, the degree of extension of the probe end 
being adjustable in dependence upon the sensed frequency of the attendant radiation. 

"Method and Apparatus for Removing Solids From an Upwardly Moving Bed Chamber," Delwin E. Cobb - Inventor, 
Union Oil Company of California, United States Patent Number 4,820,382 April 11, 1989. A method for forming 
a terraced structure in the upper surface of a particulate solid bed, typically oil shale, moving upward through 
an upf low retort and removing particulate solids from the upper surface, which includes rotating a scraping 
means comprising a shaft having a plurality of scrapers secured thereto arranged in a vertically spaced-apart 
relationship and in a radially outwardly-stepped relationship relative to a vertical axis of the shaft. 

"System for Continuously and Catalytically Removing Arsenic From Shale Oil and Regenerating the Catalyst," Shri 
K. Goyal - Inventor, Amoco Corporation, United States Patent Number 4,824,526 April 25, 1989. Arsenic can be 
continuously removed from shale oil by passing the shale oil through a first guard bed containing catalyst 
capable of substantially reducing the arsenic content of the oil, until the desired amount of arsenic is removed. 
The flow of the shale oil is thereafter directed to a second guard bed containing another or similar catalyst 
capable of substantially reducing the arsenic content of the oil. Concurrently, the spent catalyst in the first 
bed is regenerated in situ so that continuous upgrading of the shale oil Is achieved. 

FOREIGN PATENTS 

"Extracting Hydrocarbons From Hydrocarbon-Bearing Substrate," Jacob H. Stil - Inventor, Shell Internationale 
Research Maatschappij B. V., United Kingdom Patent Number 2,201,965. The application for extracting hydrocar-
bons from hydrocarbon-bearing substrate particles (e.g., oil shale) comprises a retort zone provided with means 
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for introducing fluidizing gas into the retort zone, a gas outlet, an inlet section communicating with the retort 
zone, and a particle outlet. The Inlet section comprises a vertical mixing zone having a lower end provided 
with an inlet for the substrate particles and means for introducing hot particles into the mixing zone, and 
having an upper end provided with an outlet which communicates with the retort zone. The ratio between the 
area of the vertical mixing zone and the area of the retort zone is 1:10-60, preferably 1:30-45. 

"Retorting of Bituminous Fine Particles in a Fluidized Bed," Julio C. Silva, Pedro W. Martignoni, 
Carlos L. Casavechia, Ubirjara Gaiao - Inventors, Petroleo Bresileiro S.A. (PE7ROBRAS), Brazil Patent Number 
86 03,572. Descending bituminous particles are preheated by contacting with ascending gas stream (e.g. 0, air) 
and are retorted to remove volatile or entrainable organic materials by using a stream of cool gases. The par-
ticles contact the gas in fluidized beds in several compartments of the retort provided with horizontal plates 
with valves. The gas passes through perforations in the plate surfaces at a flow rate sufficient for maintaining 
fluidization. The ascending gas entering the bottom of the retort has a temperature of 160-180 0 and hot gas is 
recycled at a level of approximately 70 percent of the total height at approximately 590 0 . The particles have 
diameters of approximately 0.79-6.35 millimeters, and the gas flow rate is 2-2.5 meters per second. The process 
is especially suitable for treatment of bituminous shale particles, which create flow problems or form ag-
glomerates in moving bed reactors. 

"Procedure and Apparatus for Recovery of Petroleum and Gas From Oil Shale by Pyrolysis," Rene Mundstock, 
Kunlyuki Terabe, Lamprecht A. R. Be Almeida, Joao C. Teixeira, Altair R. U. Batista, Edson S. Dias, Juts Dias 
dos Santos, Osvaldo Amorim, Joel Rezende, et al. - Inventors, Petroleo Brasileiro S. A. (PETROBRAS), German 
Patent Number 3,743,115. Ground oil shale is pyroiyzed in a cylindrical retort provided with a feeding apparatus 
with a double gas-tight lock, and charge distributor, and nozzles for hot and cold gases. The produced hot 
retort gas is passed through a system of cyclones, heat exchangers, electrostatic separators or gas wash towers, 
a scrubber, settling vessels, and storage containers. Thus, crushed oil shale 6.3-63.5 millimeters in diameter 
(moisture content 3.7 weight percent) was pyrolyzed in a cylindrical retort 5.5 meter inner diameter at 483 0 and 
pressure at the top of the retort 2.2 kPa and pressure at the bottom 17.8 kPa. The resulting oil (containing 
1.2 5 and 0.8 percent N) had a viscosity of 17 cSt at 38 0 and pour point -4 0 . The resulting gas contained H9S 
26.1, 02 0.1, N 2 2.3, CO 0.6, CO 2 3.7, H2 19.3, CH4 19.5, C2116 6.3, CA	 11 C 3 H 8 3, C 3 H 6 2.0, butane 1.,
butane 2.8, and C 5 + 9.7 percent by volume. 

"Comprehensive Utilization Process of Oil Shale," Ylngyang Li - Inventor, China Patent Number 86,107,925. 	 Oil
shale is pulverized, burned as fuel in a fluidized-bed boiler, the solid residues are extracted with acid, the ex-
traction is allowed to settle and concentrated to obtain crystals. AId 3 , and the settling residues are washed 
and used as additive in cement. Preferably, the combustion temperature is 700-800 0 and does not exceed 8000. 
Preferably, the extraction is a continuous process, in which the solid residues and MCI are added continuously to 
the reaction mixture after the reaction has started (temperature of mixture reaches 110 0) to control the reaction 
temperature at 102-112 0 and does not exceed 112 0 . Preferably, the concentration of the extraction is carried 
out at a pressure 640-680 torr below atmospheric pressures. Polyacrylamide may be added to the extraction to 
speed up the settling. 

"Method of Thermal Treatment of OR Shale, K. A. Kundel, L. I. Petaya, T. A. Khalevina - Inventors, Scientific-
Research Institute of Shales. USSR Patent Number 1,433,969. Kukercite oil shale is semicoked, vapor-gas 
products are removed in a condensation system, and S alkylresorcinol is recovered from the tar. The content of 
the latter in the separated fraction of the tar is increased by removing in a separator condensation system the 
vapor-gas products at the stage of decomposition of 11.4-56.2 percent of the organic matter in the shale. 

"Conductively Heating Subterranean Oil Shale to Create Permeability and Subsequently Produce Oil, Peter Van 
Mears, Eric P. Dc Rouffignac, Harold J. Vinegar, Michael F. Lucid - Inventors, Shell Internationale Research Maat-
shappij B.V. A method for oil recovery from underground oil shale deposit with Increased homogeneity of heat 
front passing through the oil shale deposit comprises determining the composition and property of the deposit 
along the depth change and selectivity arranging heat-injection well and production well in the treatment solu-
tion, wherein the deposit layer having (a) thickness >30 meters, (b) non-permeability (basically) and without flow-
able water, (c) the product of average Fischer Assay quality rank and the thickness approximately 900, and (d) 
containing the Interaction components for increasing the heat front homogeneity through conductive heating. The 
wells are parallel arranged with >6 meters equal distance apart. The internal temperature of the heat-injection 
well is maintained at >600° such that the heating speed enables kerogen pyrolysis product to crack and pass 
horizontal fractures, thus extending horizontal fractures to the production well at specified position. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL )PROJECTS (Underline denotes changes since March 1989) 

ACORN PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NL (5-10) 

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

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Umatac and AOSTRA (Alberta Oil Sands Technology and 
Research Authority) of Alberta, Canada. 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 economies continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,000 tonnes of dried Stuart oil shale was prepared in late 1986 early 1987. The pilot 
plant program was carried out between June and October 1987. 

Engineering is underway to firm up the project definition for a semicommercial demonstration plant. The project is referred to as 
the Acorn Project. During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in or-
der to increase information on the high grade Kerosene Creek member. This is a very high grade scam (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 J.Jfl million for such a demonstration plant, including services connection and product 
storage. At current prices for low sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at least break 
even and possibly earn as much as 15 percent DCFROI. Alter a year of operation it is expected that sufficient data and operating 
experience will have been gathered to scale up the technology to full commercial size (25.000 tonnes per day). 

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

Project Cost: For demonstration module A$30 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company Occidental Oil Shale, Inc., and Tenneco Shale Oil Company 
('135, R96W, 6PM) (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 the equal-interest partnership between Occidental Oil Shale, Inc., and Tenneco Shale Oil Company, doing business as 
Cathedral Bluffs Shale Oil Company. On October 16, 1985 Tenneco Shale Oil Company granted to Occidental Oil Shale, Inc. a 
two year option to acquire its 50 percent interest in Cathedral Bluffs. On October 16, 1987, that option was extended for another 
two-year period. During the option period Occidental is the operator for the project for Cathedral Bluffs. A modified detailed 
development plan for 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 (ND) 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 1981 The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the lease 
suspension request. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL PROJECTS (Continued) 

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

Project Cost: Not Disclosed 

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

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that will supply steam to an existing 22-MW turbine generator. High-sulfur coal 
will be co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, lime and oil shale. A 3,500 ton test on petroleum coke was started in January, 1988. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) fF55, R98W, 6PM) (S-40) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (5Th) 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 (15S, R95W, 6PM) (5-50) 

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco 11 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 US covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final US has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final US supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. C.F. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Steams_Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale Oil Project. 
Tosco responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has com-
pleted an orderly phasedown of the project. Construction of Battlement Mesa has been completed and Exxon has announced its 
intention to sell the Mesa complex. An Exxon organization remains in the Parachute area to perform activities including reclama-
tion, some construction, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to 
maintain the capability for further development of the Colony resource when economics become attractive. In April, 1988, it was 
announced that the Colony pilot mine would be used for tests of a water-jet-assisted mining machine to be developed under DOE 
funding. 

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

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum - SO 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. 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL PROJECTS (Continued) 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost of US$265 million at lull 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 proves-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of 50 liters per ton on a thy 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 fincs" process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50,000 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels per day 
upgrading plants were incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce accommoda-
tion, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is favored for transfer of 
product oil from the plant site to marine tankers. The study indicates that there are no foreseeable infrastructure or environmen-
tal issues which would impede development. If a design and construction schedule of 12 years were chosen, allowing a steady but 
progressive build-up to full production, then an on-site peak construction and operations workforce of up to 3,000 people would be 
required. Operation of the plant would need 1,700 on-site people at full production. 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Thus a selling price of about US$33 FOB Mackay was assumed. Average cash operating cost at 
full production is estimated at US$20 per barrel of which more than US$9 per barrel represents corporation taxes and royalty. 
Capital costs were estimated to an accuracy of + /- 25 percent, mainly by independent international engineering companies. Of the 
total estimated capital costs of US$2,300 million, almost US$1,700 million is accounted for equally by the three major elements—
mining, retorting, and upgrading. The remainder covers supporting plant, infrastructure, administration, and various allowances 
and contingencies. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale 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. Sam ples of Condor shale have been shi pped to Canada for testin g 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 2,000 barrels of shale oil per day. The completed unit can be easily trucked to any 
suitable location. 

The design of the plant is based on engineering data obtained between 1980 and 1986 from a pilot plant oil shale retort constructed 
at the Edwards plant in New Jersey. The production unit is being built to press 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.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL PROJECTS (Continued) 

Project Cost: Not Disclosed 

ESTONIA POWER PLANT'S - Union of Soviet Socialest Republics (S.80) 

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 kukersite resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered enert y from oil shale was equiv-
alent to the enerey 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. 

FUSHUN COMMERCIAL SHALE OIL PLAT - 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,	 tons in 1959. In that period, shale oil accounted for 30-50% of total oil production in China. 

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale must be stripped in order to reach the coal, it 
is economical to retort the shale even though it is of low grade. Fischer Assay yield is about 53% oil, on avenge. 

Currently, only 40 retorts are operating, each retort processing 200 tons of oil shale per day. Other retorts have been shut down 
because of site problems not related to the operation of the retorts. Shale oil production is on the order of 100,000 tons per year. 

Direct combustion of oil shale fines in an ebullated bed boiler has been tested at Fushun Refinery No. 2. 

Shale oil is currently being used only as a boiler fuel, but a new scheme for upgrading Fushun shale oil was recently studied. In the 
proposed scheme, shale oil is first treated by exhaustive delayed coking to make light fractions which are then treated successively 
with dilute alkali, and sulfuric acid to recover the acidic and basic non-hydrocarbon components as fine chemicals. The remaining 
hydrocarbons, containing about 0.4 percent N can then be readily hydrotreated to obtain naphtha, jet fuel and light diesel fuel. 
This scheme is said to be profitable and can be conveniently coupled into a existing petroleum refinery. 

GARY REFINERY - Western Slope Refinin g Company (S-i®) 

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 
(JP4) 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 Forte requirements were 
that JP4 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 eventuall y be delivered to the refinery via a pipeline from the Parachute upgrading facility to th e
 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 Refinina Com pany beean operation in April. 1989. Toll calcininz of netroleum coke, as well as fractionation 
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STATUS OF OIL SHALE PROJECTS (Underline denodes changes since March 1989) 

COMMERCIAL PROJECT'S (Continued) 

Although there are no guarantees regarding quantity, the firm'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 svncrude will be su pplemented with other re gional crude oils. Because the con-

Project Cast: Not Disclosed 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (S-hO) 

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

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
power plant. Jordan is also investigating jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests have 
been carried out at Klocckner in West Germany and in New Brunswick, Canada. 

A consortium of Lurgi and Kloeckner completed in 1988 a study concerning a 50,000 barrel per day shale oil plant operating on El 
Lajjun oil shale. Pilot plant retorting tests were performed in Lurgi's LR pilot plant in Frankfurt, Germany. 

The final results show a required sales revenue of $19.10 per barrel in order to generate an internal rate of return on total invest-
ment of 10 percent. The mean value of the petroleum products ex El Lajjun complex was calculated to be $21.40 per barrel. A 
world oil price of $15.60 per barrel has to be reached to meet an internal rate of return on total investment of 10 percent. 

In 1988, the N.R.A. announced that it was postponing for 5 years the consideration of any commercial oil shale project 

KIVITER PROCESS - Union of Soviet Socialist Republics (S-120) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 4 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts with crosscurrent flow of heat carrier gas and traditionally referred to as generators, is predominantly used in commer- 
cial operation. The retorts have been automated, and have throughput rates of 200 to 220 tons of shale per day. Retorting is per- 
formed in a single retorting (semi-coking) chamber. In the generators, low temperature carbonization of kukersite yields 75 to 
80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 KJ/cubic meters) is 450 to 500 cubic meters per ton of 
shale. 

To meet the needs of re-equipment of the oil shale processing industry, a new generator was developed. The first 1,000 ton-per-day 
generator of this type was constructed at Kohtla-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 'lTD 
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. Alter desulfurization, it is 
utilized as a local fuel for the production of thermal and electric power. 

Project Cast: Not disclosed 

MAOMING COMMMERCIAL SHALE OIL PLANT - Maoming Petroleum Industrial Corporation, SINOPEC, Maoming, China 
(S-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-cars. Current mining rates are 33 million tons of oil shale per year. Approximately 
one-half is suitable for retort feed. The Fischer Assay of the oil shale averages 63% oil yield. 
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COMMERCIAL PROJECTS (Continued) 

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 100,000 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 (T6S, R95W, 6PM) (S-140) 

Mobil is currently evaluating development plans for its shale property located on 10,ODO acres five miles north of Parachute. The 
project is planned to have initial production of 10,ODO to 25,000 barrels per day with an incremental buildup to 100,000 barrels per 
day. The United States Bureau of Land Management has completed an Environmental Impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being processed.. 

Project Cost: Estimated $8 billion for 100, 	 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (S-ISO) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name 13 for the Moroccan oil shale retorting process was derived. 

In February 1982, the Moroccan Government concluded a $4.5 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit was completed with a funding from the World Bank in 1984. During the first quarter of 
1985, the plant went through a successful shakedown test, followed by a preliminary single retorting test. The preliminary test 
produced over 25 barrels of shale oil and proved the fundamental process feasibility of the T3 process. More than a dozen single 
retort tests were conducted to prove the process feasibility as well as to optimize the process conditions. The pilot plant utilizes 
the 13 process developed jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres 
(ONAREF) of Morocco. The 1'3 process consists of a semi-continuous dual retorting system in which heat from one vessel that is 
being cooled provides a portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 
100 tons of raw shale per day capacity using 17 OPT shales. The design of a demonstration plant, which will have an initial output 
of 280 barrels per day, rising to 7,800 barrels per day when full scale commercial production begins, has been deferred. A commer-
cial scale mine development study at Timabdit 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 76 (S-160) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 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.
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COMMERCIAL PROJECTS (Continued) 

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 synenade on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price will be the market price or a contract floor price. If the 
market price is below the DOE contract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. Treasury 
Department in January. 1987 under its Phase I support contract. 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FBC technology. 
A key mason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. The decision does 
not affect Unocal's plans to proceed with the current operations of its shale plant. 

Unocal shinned its 2.000,th barrel of s yncrude on May 6, 1989. Recent cost cuttin g efforts have lowered the breakeven point on 
operating costs to 140.000 barrels per month. 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.) (S-170) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used for 
optimization of the Petrosix technology. Oil shales from other mines can be processed in this plant to obtain data for the basic 
design of new commercial plants. 

A Petrosix pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests, developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale fines. The plant uses 
a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant having a 12-inch diameter reactor, has been in operation since January, 1988. It processes oil shale fines 
coarser than that used in the entrained bed reactor. 

A circulating fluidized bed pilot scale boiler was started up in July, 1988. The combustor will be tested on both spent shale and oil 
shale fines to produce process steam for the Petrosix commercial plants. 

A nominal 2,200 tons per day 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 hours of oneration. and now achieves 
an operatin g factor between 92 and 95 percent. 

A 36 foot inside diameter retort, called the industrial module, is being constructed and will produce 3,343 barrels per day of oil, 
50 tons per day of LPG, 81 tons per day of fuel gas, and 98 tons per day of sulfur from 7,800 tons of oil shale per day in July, 1990. 

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hec-
tares. Rehabilitation comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back 
the local conditions for farming and recreational purposes. 

Current shale oil production is sent by truck to a refinery 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—Rama Synfuels International, Inc. and Greenway Corporation (S-iSO) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The plant is located on property leased 
from a subsidiary of Union Pacific Railroad. In addition to the one section leased for the pilot plant, Ramex also has options on 
ten additional sections. This site was selected because of the accessibility for potential customers, and the abundance of available 
oil shale reserves.
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The pilot plant consists of two specially designed burners that will burn continuously in an underground oil shale bed at a depth 
of 70 feet. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ram" announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ram" announced the completion of the pilot project. The formation was heated to approximately 1200 
degrees creating a high-BTU gas with little or no liquid condensate. The wells substained 75 mcf a day, for a period of 3 months 
then were shut down to evaluate the heaters and the metals used in the manufacturing of the heaters. The test results indicated a S 
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, Ram" announced the project would be moved to Indiana. A total of 5 wells have now been 
drilled. Gas tests resulted in ratings of 1,034 and 968 BTU. Two production volume tests showed 14,0 and 24,000 cubic feet per 
day. 

In late July, 1988 a letter agreement was signed between Tr-Gas Technology, Inc., the licensee of the Ramex process in Indiana, 
and I M. Slaughter Oil Company of R. 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-lenryvitle, Indiana. The funding is conditional upon Slaughter Oil Company's ap-
proval of gas quality and volume tests and a review of the potential gas sales contracts involved. 

Arrangements were made with Midwest Natural Gas to hook up the Ram" gas production to the Midwest Pipeline near Hen-

Ramex is also investigating potential applications in Israel. 

Project Cat: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (T25, R99W, 6PM) 
(S-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 for six months and in February 1988 for an additional 18 months or until the lawsuit over the off-tract 
disposal site is settled. 

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 Center in Har-
marville, Pennsylvania until late 1984 when it was shut down. Data analysis is currently underway. This $29 million represents the 
capital and estimated operating cost for up to 5 years of operation. Engineering and planning for open pit-surface retorting 
development are being continued. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

Project Cost: Four-year process development program cat $132 million 
No cost estimate available for commercial facility.
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COMMERCIAL PROJECTS (Continued) 

RUNDLE PROJECT - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (5-200) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction or 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, I!sso agreed to spend A$JO million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop-
ment. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied For selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $2.65 billion (US). 

In October 1984 SPP/CPM and Esso announced that they have commenced discussions about possible amendments to the Rundle 
Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to the Joint Venture 
Agreement now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12.5 in 1987 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. Cost of this program For 1985/7 was A$13 mil-
lion. 

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of subse-
quent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake 10 

cover that funding. 

Project Cost: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation (1%, R2IE, SLM) (S-210) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State. 
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block conveyors, 
power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in April 1981. 
Final EIS for the project was issued on February 1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and related facilities. Con-
struction of this initial development shaft and experimental mine would enable confirmation of (1) the geologic and geotechnical 
basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing projected mining recovery ratios for the corn-
menial project. The second phase of the Project will consist of the construction of one 11,000 tons per day TOSCO II pyrolysis 
unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotrcated shale oil. During the 
third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 50,000 barrels 
per day of shale oil. Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of the single train 
facilities has been completed. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

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 50:50 mix of 
tortianite and coal. 

The project will consist of an underground mine with mining height of 1 to 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 Cost: $1.0 billion 

Un -3000 RETORTING PROCESS - Union of Soviet Socialist Republics (5-230) 

The UTr-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 U`IT-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 IJTT-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 desi gn 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 U'fl'-30W 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 avenge output of shale oil per run increased from 27 tons in 1980 to 970 tons in 
1984. The output of electric energy for Estonia-Energo continued constant in 1983 and 1984, by burning part of the shale oil in the 
boilers of Estonia ORES. 

By the end of 1984, 159,200 tons of shale was processed and 20,000 tons of shale oil was produced at UTF-3000. 

In 1985, the third test of the reconstructed boiler TP-101 was carried out by using the shale oil produced at the UTT-30W. The im-
provement of the working characteristics of UTF-30W has continued. 

Recently, the LO VGNIPII (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 N.L, 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. Beloba Pty. Ltd. with 1001o, 
Central Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 3.3%. Beloba Pty. Ltd. is owned 50% each by 
SPP and CPM. Peabody Australia manages the Joint Venture which holds two 'Authorities to Prospect' for oil shale in an area of 
approximately 1,080 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 held included the extraction of sam ples for small scale testin g and the drilling of four holes for further 
resource delineation. 

Project Cost: Not disclosed

R&D PROJECTS 

DUO-EX SOLVENT EXTRACFION PILOT PROJECT - Duo-Er (a wholly owned subsidiary of SOIV-EX Corporation) (5.250) 

Duo-Ex is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to shale 
oil recovery. The Duo-Er approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Ex has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Ex process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on previ-
ous work by Duo-Ex in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce scale-
up data and a quantity of raw shale oil for upgrading studies. 

The Duo-Ex process has been patented in the U. S. and is currently being filed for in other countries 

Duo-Es is discussing the project with interested investors. 

Project Cost: $1,000,000 

EASTERN OIL SHALE IN SflhJ PROJECT - Eastern Shale Research Corporation (S.260) 

In 1985, Eastern Shale Research Corporation commenced a project to study the in situ processing of Eastern oil shales, on New 
Albany Shale in Indiana. Test blasts were carried out, followed by the design and blasting of a shot to produce a retort bed for 
burning in the horizontal mode. 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used by Geokinetics Inc. for shallow 
oil shales in Utah. 

The project is currently in the permitting stage. Environmental control methods and equipment designs are being reviewed by the 
involved regulatory agencies. 

The project is located in southern Indiana and uses the uppermost member (Clegg Creek) of the New Albany oil shale. 

Project Cost: Not disclosed 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (5-270) 

Israeli oil shale development is being coordinated by FAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing processes developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging.
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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 economies 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 is expected in late 1989. 

Project Cost: $25 million for combustion demo plant 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (8-280) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cr oss now type) of retorts were built at a scale of about 3 tons per day. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales from the United States, 
Australia, China, and Morocco. 

In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion zone. To 
prevent flow of gas from the combustion zone to the retorting zone, a seal zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical counterfiow of the oil shale and gas. 

With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, retorting, 
combustion and cooling zones, being contacted by the gas which flows downward through these zones. Oil yield obtained from 
several kinds of oil shale was approximately equal to Fischer assay. The main feature of this type of plant is that the process can be 
adapted to the properties of different oil shales because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces of louver walls 
and is contacted by the heating gas which flows horizontally between the walls in several passes. In this plant, oil yield was ap-
proximately equal to Fischer assay. The retorted oil shale is crushed to pieces smaller than 6 millimeters and sent to a fluidized 
bed for combustion of residual carbon. The main features of this type of plant are the low pressure loss in the retorting zone and 
the high carbon utilization ratio obtained with the fluidized bed. 

The second phase of JOSECO's development activities is to conduct a series of tests in a large pilot plant having a capacity of 300 
tons of raw ore per day. The process to be used for the pilot plant was discussed by the advisory committee on the basis of results 
of the experiments on three small scale plants, and then determined to consist mainly of a vertical shaft type retort. 

In addition to a vertical shaft type retort as a retorting/gasifying unit, fixed-bed type drying facilities (circular travelling grate) were 
installed to examine the economies of pre-drying of high water content oil shale and fluidized-bed combustion facilities were also 
juxtaposed to study the efficient combustion of carbon in raw shale and the residual carbon on retorted shale. 

The pilot plant is located in Kitakyushu City approximately 1,000 km west of Tokyo. JOSECO started the civil and foundation 
works for the pilot plant in mid-February 1986, and completed the installation work and trial runs of individual units by the end of 
1986. In January 1987, the integrated load trial fins of the pilot plant and the on-the-job training of the operators were initiated. 
The formal operation started early May 1987. 

By the end of September preliminary tests were conducted. Through these preliminary tests, a number of factors were checked and 
reviewed, including the performance and reliability of the equipment, procedures to ensure operational safety, and research on 
process conditions to maintain stable and efficient operations. 
Based on the results achieved in the preliminary tests, JOSECO conducted the main tests using both Australian Condor and 
Chinese Maoming ores.
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R & D PROJECTS (Continued) 

Sixteen runs totalling 163 days (included the preliminary test runs) were conducted by the end of March 1988, and Condor and 
Maoming ores used for the operation amounted to around 40,000 tons (nude ore basis). 

In the case of sized Condor ore, the maximum ore processing amount restricted by the limit of acceptable hot gas supply volume 
was around 220 tons per day, while maintaining the aimed for oil recovery rate (100% against Fischer Assay). 

In the case of sized Mooning ore (predried from 15-16% free water content to 4-5%), the pilot plant was operated stably at the 
level of 200 tons per day (due to the limitation of drying machine capacity), but there was stilt room in the ore processing ability. 
Judging from the pressure loss in the retort, the maximum ore processing amount for dried Maoming ore was estimated to be 
around 240 tons per day. 

Upon the completion of the above runs, it was decided to extend the 7-year R&D plan till the end of March, 1989. Additional 
27,00) tons of Maoming ore were imported for this purpose. Under the revised plan, a 100-day continuous operation on Maoming 
ore started in July 1988. The pilot plant was operated smoothly and stably at the various throughput levels, ranging from 220 tons 
per day to 115 tons per day (the minimum operation level). 

Project Cost: Approximately US$123 million (approximately 15.2 billion Yen) 

JULIA CREEK PROJECT - Placer Exploration Limited (S-290) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer was CSR Ltd, but as a result of purchasing CSR's mineral interests within Australia, Placer Pacific Ltd. is 
now owner of the project. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content of the shale is approximately 70 litres per dry tonne. 

Work carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a recir-
culating solid heat carrier has been concluded and patents for retorting and hydmtreating processes have been obtained. 

No development is planned 

LLNL CASCADING BED RETORT - Lawrence Livermore National Laboratory, U. S. Department of Energy (S-300) 

Lawrence Livermore National Laboratory (LLNL) for several years has been studying hot-solid recycle retorting in the laboratory 
and in a one-tonne-per-day pilot facility and have developed the LLNL Cascading Bed Retort (CBR) process as a generic second 
generation hot-solid recycle retorting system. Much progress has been made in understanding the basic chemistry of hot-solid 
retorting processes and LLNL believes they are ready to proceed to answer important questions to scale the process to commercial 
sizes. Large scale solid-handling represents one area where additional research is needed. 

In this process, raw shale is rapidly heated in a gravity bed pyrolyzer to produce oil vapor and gas. Residual carbon (char), which 
remains on the spent shale after oil extraction, is burned in a cascading 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 now and burned shale (at a temperature near 500 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,. Understanding and solving solids-handling issues is a major part of that scaleup. 

In fiscal year 1989, fundamental chemistry studies have continued, and LLNL has started to look at scaleup of the cascading bed 
retorting process. They are currently upgrading the facility to process 3.5 tonnes-per-day of raw shale, working with the full particle 
size (0.25 inch). Key components of the CBR process will be studied at this scale by adding a delayed-fall combustor and fluid-bed 
mixer and replacing the rotary feeders with air-actuated valves, suitable for scaleup. In fiscal year 1990, LLNL plans to continue to 
operate the laboratory-scale facility and also test at larger scale the solids mixing and flow control components. 

Additional funding has been requested to enlist industry participation in the design of a commercial-scale plant and 100 ton per day 
pilot-scale test facility.
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R & D PROJECTS (Continued) 

NEW PARAI-IO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (8-310) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at West-
ern Research Institute (WRI) and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a 
significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This is par-
ticularly true for shale oil produced by direct-heated retorting processes, such as Parisian. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(I) 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 Iota Colorado-based 
commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $23 million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of several test strips of shale oil-modified as-
phalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil was produced in Paraho's 
pilot plant facilities, located near Rifle, Colorado in August, 1988. The retort was o perated at mass velocities of 418 to 538 pounds 

a vacuum still at 

Several test strips will be constructed in Colorado, Utah and W yoming. Once constructed, the test strips will 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 commercial production facility. As of A pril, 1989, one test strip had been installed, on Hi ghway 191 south of Moab, Utah. 

The size of the commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200- $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame. 

At the present time, Paraho states that it has access to two different resource sites upon which the commercial production facility 
could be located: a site on the Mahogany Block in northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. 
Of these options, the Mahogany site represents the most economically viable alternative and, accordingly, is the preliminary loca-
tion of choice. 

In October, the Department of Energy announced funding of a grant to the State of Indiana for the first phase of a three phase 
testing program. In the first phase, to be managed by New Paraho, the Department of Energy and Indiana will spend $240,000 to 
conduct laboratory tests on Indiana shale oil as a derivative for an asphalt paving material. If those tests prove successful, New 
Paraho will retort enough Indiana shale to produce 500 barrels of shale oil for field tests in Indiana. 

Project Cost: $2,500,000. The company spent $1,500,000 on shale oil asphalt research last year 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (8-320) 

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 are being conducted on pretreating technology, two hydrorefining processes using fixed-bed type and 
ebullated-bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained. 
Shale oils were partially hydrorefined in the first stage, and further hydrorefined in the second stage under conditions typical of ex-
isting petroleum refineries. Upgrading systems are being established for obtaining operational data with the large bench-scale 
plant (13 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed
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R & D PROJECTS (Continued) 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (S-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 iuzna Moravia 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 Aicksinac 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 4,479 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at roll 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the 1 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,
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COMPLErED AND SUSPENDED PROJECTS 

Prolect Sponsors Last Appearance in SF'R 

American Syncnzde Indiana Project American Syncnsde Corp. September 1987; page 2-53 
Stone & Webster Engineering 

Baytown Pilot Plant Exxon Research and Engineering September 1987; page 2-60 

BX In Situ Oil Shale Equity Oil Company 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 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

Gelsenkirchen-Scholven Veba Oel June 1987; page 2-52 
Cyclone Retort 

Laramie Energy Laramie and Rocky Mountain June 1980 page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page 5-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 247 
Dmo Corporation 
Southern Pacific Petroleum 

Nahcotite 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 Tcchnolog)r, December 1978; page B-3 
American On Association 

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979 page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility 

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

Triad Donor Solvent Project Triad Research Inc. December 1988; page 2-48 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page B-3
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Unnamed Fracture Tat	 Talky Energy Systems	 September 1978; page B-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 INTERIMS

Company or Oreanization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-55 

BeIOba Ply. Ltd. Yaainba Project 2-57 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-48 

Central Oil Shale Ply. Ltd. Yaamba Project 2-57 

Central Pacific Minerals Acorn Project 2-48 
Condor Project 2-49 
Rundle Project 2-56 
Yaamba Project 2-57 

Chevron Shale Oil Company Clear Creek Project 249 

Conoco Inc. Clear Creek Project 249 

Duo-Ex (Solv-Ex Corporation) Duo-Es Solvent Extraction Pilot Project 2-58 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-58 

Edwards Engineering Company Edwards Engineering 2-50 

I3sso Australia Ltd. Rundle Project 2-56 

Exxon Company USA Colony Shale Oil Project 2-49 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-51 

Gary Refining company Gary Refinery 2-51 

Gencor Trans Natal T-Project 2-56 

Greenway Corporation RAMEX Oil Shale Gasification Process 2-54 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-61 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-59 
(JOSECO) 

Jordan Natural Resources Jordan Oil Shale Project 2-52 

Lawrence Livermore National Laboratory LLNL Cascading Bed Retort 2-60 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-52 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-53 

New Brunswick Electric Power Commission Chatham Co-Combustion Boiler 249 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-61 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 248 

Office National de Recherche et Morocco Oil Shale Project 2-53 
d'Exploitation Petrolieres	 - 
(ONAREP) 

PAMA Inc. Israeli Retorting Development 2-58 

Peabody Australia Ply. Ltd. Yaamba Project 2-57
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Company or Or2anization Project Name Page 

Petrobras Petrosix 2-54 

Placer Exploration Limited Julia Creek Project 2-60 

Ramer Synfuels International Raines Oil Shale Gasification Process 2-54 

Republic of South Africa Trans Natal T-Project 2-56 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-55 

Science Applications, Inc. Morocco Oil Shale Project 2-53 

Sinopec Fushun Commercial Shale Oil Plant 2-51 
Maoming Commercial Shale Oil Plant 2-52 

Solv-Ex Corporation Duo-Ex Solvent Extraction Pilot Project 2-58 

Southern Pacific Petroleum Acorn Project 2-48 
Condor Project 249 
Rundle Project 2-56 
Yaamba Project 2-57 

Tosco Corporation Tosco Sand Wash Project 2-56 

Trans Natal Trans Natal T-Projcct 2-56 

Unocal Corporation Parachute Creek Shale Oil Program 2-53 

Union of Soviet Socialists Republics Estonia Power Plants 2-51 
Kiviter Process 2-52 
UTI'-3000 Retorting Process 2-57 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-62 

Yaamba Joint Venture Yaamba Project 2-57 

Western Slope Refining Gary Refinery 2-5I
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PROJECT ACTIVITIES 

WOLF LAKE PHASE 2 DELAYED FOR ONE YEAR 

BP Canada and Petro-Canada say they will delay by 
one year the decision to start up the second phase 
of the Wolf Lake -project in Alberta. Estimated to 
cost some $200 million, Wolf Lake 2 will add 
15,000 barrels per day to the existing facility's 
capacity of 7,000 barrels per day. 

While the Wolf Lake 2	 plant	 will	 be	 commissioned 
during the next nine months,	 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 develop-
ment.

The president of UP Canada said that the decision to 
slow commissioning and delay start-up "resulted from 
consideration of a number of issues, including the 
price of bitumen." He pointed out that "there are 
a number of positive elements In this decision. 	 It 
will defer some 1989 capital expenditure. In addi- 
tion the project development team will be utilized 
as the commissioning task force and initial opera-
tional staff." 

During the extended commissioning period the com-
pany states that certain other additional economies 
and operation efficiencies will be achieved by utiliz-
ing the existing Wolf Lake 1 plant to produce 
bitumen from wells developed for Wolf Lake 2. This 
may entail the use of certain Wolf Lake 2 facilities 
to comply with environmental regulations. 

In announcing the delay, the company said that after 
a considerable study and review it was apparent 
that, on balance, the benefits associated with this 
operating plan outweighed the economies of scale 
associated with Increased production from 
Wolf Lake 2. 

This Is the second time in as many years that the 
companies have decided to delay start-up of the 
Wolf Lake cyclic steam expansion project. 

With the project now about 90 percent complete, UP 
expects construction of the expansion facilities to be 
wrapped up this simmer. At the end of the com- 
missioning period, during which UP will ensure that 
all the plant components are operational, UP 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. 

One of the major installations in the expansion Is a 
C$35 million water recycling plant with a 
126,000 barrel per day capacity. 

The majority of thermal stimulation at Wolf Lake in-
volves cyclic steaming, but UP has been following 
that with in-situ combustion as as alternative to 
steamfloodlng.	 Recovery by steam injection is

limited because of vertical fractures channeling heat 
Into high mobility zones. 

Despite the delay in starting up Phase 2, UP still 
plans this year to go ahead with a 20-well In situ 
combustion pilot to test a process it calls pressure-
up blowdown. 

The technique involves 'vet combustion with con-
tinuous Injection to pressure the zone and force the 
burn front from existing fractures into newly formed 
fractures. 

Output Is restricted at producers to allow thorough 
spread of the burn front. Once that is ac-
complished, the producers are opened, the reservoir 
blows down and the channels are resaturated with 
oil. The process Is then repeated. 

The pilot should begin late in the year and will In-
volve existing wells already used In cyclic steaming. 

Poor performance encountered in the later cycles of 
steaming the existing production pads at Wolf Lake 
was mitigated by a change in operating techniques. 
In the low oil-price scene encountered during 1988, 
Wolf Lake 1 was operating at a cash loss. Wolf 
Lake 2 will incorporate technical advances which, 
together with the increased capacity, will reduce 
overall unit production costs significantly. 

In Its Annual Report, the company states that the 
financial risk resulting from a project of this size 
and nature during periods of low oil prices Is be-
coming excessive for a company the size of UP 
Canada. 

Oil sands development remains a key element of the 
Company's strategy. Despite current operating cash 
losses, due to weak bitumen prices and lower-than-
planned production, oil sands development continues 
to be an Important medium to long-term venture. 

Significant efforts were made in 1988 In technology 
development. Experimental work continued to 
develop a commercial recovery process for both the 
Lower Grand Rapids formation and the undeveloped 
northeast corner of the Wolf Lake lease. Both of 
these prospects contain substantial volumes of 
bitumen In place. 

The Lower Grand Rapids pad was commissioned in 
late 1987. Although production to date has not 
matched earlier pilot performance, work will continue 
in 1989 on the development of a suitable production 
system. A new pad, located on the northeast corner 
of the Wolf Lake lease, commenced partial steaming 
in December 1988 and operating strategies for this 
area will be examined in 1989. 

The in situ combustion pilot project was suspended 
in 1988 after the completion of the third oxygen 
cycle. Data from this project has been essential in 
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designing a prototype commercial combustion satel-
lite. An existing steam satellite is being converted 
and is scheduled for oxygen injection in May, 1989. 
If successful, combustion on a commercial scale 
could be implemented in the early 1990s and has the 
potential to increase considerably bitumen recovery 
from the lease. 

In concert with partners, UP Canada Is continuing to 
evaluate the Transoil water-oil emulsion technology 
developed by UP in the United Kingdom. The winter 
field trial conducted in 1988 was successful and 
plans are being developed for a long-distance ship-
ment and refinery test. Transoil eliminates the need 
for a diluent, such as natural gas condensate, for 
the shipment of bitumen by pipeline. 

TANGLEFLAGS PERFORMANCE EXCEEDS EXPECTATIONS 

Sceptre Resources Limited says its Tangleflags, 
Saskatchewan horizontal-well and steam -injection 
pilot project near Lloydmlnster continues to outper-
form expectations, which could lead to a decision 
during 1990 to implement the process commercially. 
Further investment in heavy oil prospects will be as-
sessed in the context of prevailing crude oil prices. 
In the meantime, encouraged by the technological 
success at Tangleflags, the drilling of two horizontal 
wells on other Company oil properties is con-
templated for 1989. 

Steamflooding operations at the Tangleflags horizontal 
well pilot project commenced in June 1988. By year 
end, thermal response was exceeding expectations as 
the crude all production rate reached 300 barrels 
per thy and continues to increase to recent levels 
of almost 600 barrels per day. Cumulative produc-
tion to December 31, 1988 was 63,000 barrels, 
33 percent above reservoir model predictions. A 
peak production rate of over 1,000 barrels of crude 
oil per day should occur during 1989. 

Murphy Oil Company Limited is a 50 percent partner 
in the project. 

A previous attempt at cyclic steaming in one verti-
cal well on the same North Tangleflags tract 
recovered about 5,000 barrels of oil in three months 
before water encroached. About 25,000 barrels of 
steam was injected. 

Much more experience and production history are 
needed before the project can be fully evaluated. 
Oil-steam ratio is not yet favorable, but Sceptre 
considers the project to be in an early stage. 

"Combined with vertical well steam injection, reser-
voir recovery of 50 percent is anticipated through 
the horizontal production well," the company said in 
its Annual Report. 

On this basis, expansion of the pilot project Into a 
commercial scale development covering 285 acres

suggests the recovery of 8.7 million barrels net to 
Sceptre, well in excess of the level presently recog-
nized in the company's total reserve base. 

As originally envisioned, such a project would have 
involved drilling as many as 14 horizontal wells. 

NEWGRADE STARTUP REVIEWED 

A brief history of planning and startup efforts in-
volving the NewGrnde upgrader was given at the 
Sixth Annual Heavy Oil and Oil Sands Symposium in 
March. 

NewOrade Energy Incorporated is a joint venture 
company with the Province of Saskatchewan and 
Consumers Co-operative Refineries Limited (CCRL) as 
partners. 

During the second half of 1985, NewOrade completed 
its development work which recommended enhancing 
the processing capability of CCRL's ref incry at 
Regina, Saskatchewan to handle heavy crude oil. 
The report showed that proven process technology 
existed that would permit CCRL to process heavy 
crude and still allow maximum utilization of the ex-
isting refinery units. It also showed that the 
economic success of the proposed project was 
primarily dependent on the price differential between 
light and heavy crude oils. Based on the projections 
at that time, the report indicated the project was 
viable at differentials as low as $4.00 per barrel. 

A decision to proceed with the design and construc-
tion of the facility was made in late 1985. Field 
construction started in October, 1986 and the com-
plex processed Its first heavy oil in November, 1988. 

Process Selection 

Initial screening studies using a computer model of 
the refinery clearly showed that hydrogen addition 
routes to upgrading provided a much better answer 
to integrating the upgrading facilities than did car-
bon rejection processes. The latter routes did not 
allow use of the refinery delayed coker and could 
not meet the market requirements for anode grade 
coke. As a result, the focus of the study became 
the analysis of the various hydrogen addition 
processes. The best utilization of the crude barrel 
and the optimum use of the refinery units was ob-
tained when Atmospheric Residuum Desulfurization 
(ARDS) was the primary upgrading process. 

Five licensers submitted detailed technical proposals 
for the ARDS unit. After analysis of pilot plant 
test results, Unocal Corporation was selected to 
provide the technology. 

An additional problem was that the quality of the 
diesel fuel blending components produced from heavy 
oil would not meet the market requirements without 
significant improvement, particularly to cetane. Only 
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hydrotreating could meet the quality requirements, so 
a second high pressure unit was needed. Again, 
Unocal was selected as the supplier after pilot plant 
testing. The Distillate Itydroprocessing Unit (DUU) is 
a combination unit capable of operating as a high 
pressure hydrotreater to provide cetane improvement 
or as a single-pass hydrocracker when additional 
motor gasoline Is required. 

To supply hydrogen to the major units	 a 
steam/methane reformer was added. The raw 
hydrogen is purified by a Pressure Swing Absorption 
Unit. 

The processing of the heavy oil In the complex 
results in the production of large volumes of acid 
gases for which disposal poses an environmental 
problem. A sulfur recovery unit, consisting of amine 
treating, sour water stripping, ammonia destruction, 
and sulfur recovery sections, allows the complex to 
operate within environmental guidelines. 

The final integrated reflnery/upgrader complex has 
the capability to process 50,000 barrels per day of 
Lloydminster/Fosterton type heavy crudes to produce 
a full slate of high quality petroleum fuel products 
and blend a competitive synthetic crude oil for 
pipeline delivery. 

Project Execution 

Construction activities began in the late summer of 
1986 and culminated with Mechanical Completion, 
on-schedule and budget ($700,000,000), In October, 
1988. During this period, up to 2 9 400 tradespeople 
Installed over 250 individual pieces of equipment and 
connected them with close to 100 miles of pipe 
using more than 15,000 valves and fittings. They 
also Installed over 11,000 Instrument and control 
components coupling them with close to 500 miles of 
electrical and instrument cabling. The largest single 
challenge that faced the construction team was the 
delivery and erection of the ARDS reactors. These 
vessels, four of which had walls nearly 12 Inches 
thick and weighed close to 800 tons each, were 
built in Japan and had to be moved half-way around 
the world so that they not only met the project 
schedule but also met the very tight transportation 
windows Imposed by the rail and marine carriers. 

Initial Operations 

The first of the new units to come on-stream was 
the Hydrogen Plant in mid-October, 1988. Once this 
unit was reliably producing hydrogen, the start-up of 
the two hydrotreating units began. These plants 
could not process hydrocarbons until after their 
catalysts had been properly sulfided. The ARDS unit 
came on-line running light oil on November 24, 1988 
and swung to heavy feed on November 27. The DHU 
processed Its first feed on November 25. The last 
unit to be started up was the Sulfur Recovery Unit. 
This happened early In December. 

All of the units started up with very few process 
problems and are said to be performing close to the 
design expectations.	 There have been	 a

reasonable number of mechanical problems, mostly 
related to Inadequate winterization, 	 which have 
reduced the on-stream factor.	 For the most part 
these have been identified and repaired. 

CANADIAN PROJECT DEFERRALS AND CUTBACKS 
SUMMARIZED 

In	 late	 1988	 and	 early	 1989, field	 prices	 for heavy 
crude	 and	 bitumen stood far below	 prices	 for light 
and medium crudes. At	 the beginning of	 the year, 
the	 weighted	 average field price	 for	 Alberta light 
and medium crude was $16.38 per barrel.	 But heavy 
oil	 was	 selling	 for $10.74 per	 barrel	 and crude 
bitumen for just	 $7.41 per barrel.

As a result, a large number of Canadian heavy oil 
and oil sands projects have been shut down, 
deferred, or cut back. Several other articles In this 
issue discuss individual projects which have been af-
fected. The paragraphs following provide a very 
brief summary of the major projects which have an-
nounced changes. 

BP Canada and Petro-Canada have delayed for a 
year the startup of the Wolf Lake Project's 
$200 million Phase Two expansion. 

Murphy Oil Corporation shut down its 2,600 barrel 
per day Lindbergh project which was still In the 
startup phase, and also suspended steam tests at 
Atlee-Buffalo and Morgan. The Eyehill fireflood was 
slowed. 

Suneor postponed completion of Its $200 million 
debottlenecking project, terminated - the Fort Kent 
thermal heavy oil project, and froze spending on the 
$125 million Burnt Lake Phase One project which had 
been scheduled for completion in 1990. 

Husky Oil Operations shut down several hundred mar-
ginal heavy oil wells in the Lindbergh area, including 
all its wells In Alberta, and reduced operating staff. 

Amoco Canada Petroleum said that after taking over 
Dome Petroleum, it had no plans to proceed with 
Dome's planned Primrose commercial project. 

Esso Resources Canada decided to put Its Cold Lake 
Phases Seven and Eight on hold and postpone Phases 
Nine and Ten indefinitely. 

Rctronngnetic OR Recovery has suspended testing 
of electromagnetic stimulation pilots in Wlldmere and 
Medicine Hat fields. 

Shell Canada has deferred Indefinitely construction of 
its 40,000 barrel per day Peace River expansion 
project. 

Table 1 Indicates the status of commercial bitumen 
and oil sands projects In Alberta. 

3-3	 SYNTHETIC FUELS REPORT, JUNE 1989 



TABLE 1 

COMMERCIAL OIL SAILS PRGJECFS IN ALBEItFA 
(Production in Barrels Per Day) 

-	 Current	 Next Phase	 Next Phase 
Project	 Operator	 Area	 Production Production	 Status 

Mining 
Syncrude Syncrude Mildred Lake 155,000 230,000	 P 
Oslo Esso Athabasca --- 77,000	 P 
Suncor Suncor Mildred Lake 53,000 71,000	 D 

In Situ 
Wolf Lake BP Canada Wolf Lake 7,000 22,000	 0 
Cold Lake Esso Cold Lake 90,000 140,000	 0 
Elk Point Armco Lindbergh 8,000 8,000	 - 
Lindbergh Murphy Lindbergh 3,000 10,000	 S 
Lindbergh Aamco (Dame ) Lindbergh 2,000 15,000	 S 
Primrose Anoco(Don) Primrose --- 25,000	 S 
Primrose Suncor Primrose --- 25,000	 S 
Elk Point PanCanadian Frog Lake 1,000 12,000	 D 
Peace River Shell Cadotte Lake 10,000 50,000	 0 

S = Suspended 
D = Delayed 
P = Long-term Planning 

AMOCO CONVERTS TO PATTERN STEAMFLOOD AT ELK 
POINT 

Amoco Canada has several development phases at Its 
Elk Point Project. Phase 1 of the Project involved 
the drilling, construction, and operation of a 13-well 
thermal project (one,	 totally enclosed five-spot 
pattern).	 Construction of the Phase 1 Thermal
Project and cleaning facility was initiated in May 
1985.	 The cleaning facility has been operational 
since October 1985.	 Steam injection into the 
13-well project was initiated in July, 1987.

In	 February,	 1987,	 Amoco Canada	 received approval 
from the Energy Resources Conservation Board to ex-
pand 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 conven-

tional and slant drilling methods. Pad facilities con-
struction occurred in 1988. 

In April, 1989, Amoco switched the 13 wells that 
had completed two cycles of steam stimulation to 
pattern flooding. 

The second group of 34 more wells are still on cold 
production. The performance of the steamflood will 
be a factor in deciding when the 34 wells will be 
steamed. 

Amoco expects the 13-well steamflood to remain 
operational for two to four years. Total production 
at Elk Point is now on the order of 1,200 cubic 
meters per day. 
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CORPORATIONS 

PANCANADIAN RESULTS REFLECT INCREASED OIL 
SANDS HOLDINGS 

PanCanadian Petroleum Limited, at its Annual Meeting 
in Calgary, April 11, noted that 1988 was one of 
the busiest years in recent times. PajCanadian in-
creased production to record levels, improved its 
reserves position, and acquired key conventional and 
synthetic crude oil interests. 

PanCanadian in 1988 spent $450 million to acquire 
additional conventional producing interests and a 
larger position in the production of synthetic crude 
oil. The company increased Its interests in the 
Syncrude operations by six percent and added five 
percent to its position in OSLO at a combined cost 
of $288 million. "Production from the tar sands will 
continue to be of strategic importance to Canada 
well into the next century--and perhaps beyond 
that." 

PanCanadian's total reserves before royalty, Including 
permitted synthetic crude oil, stood at 981 million 
barrels of oil equivalent at year-end 1988, 	 a 
16 percent increase over the previous year. This 
total includes a 19 percent increase In conventional 
crude oil and natural gas liquids reserves, and a 
260 percent increase In the permitted synthetic 
crude oil reserves. 

PanCanadian's 1989 capital programs total $269 mil-
lion compared to $291 million spent in 1988. These 
expenditure levels are consistent with PanCanadlan's 
budgeted cash flow expectations for 1989 based on a 
West Texas Intermediate price level averaging 
US$15 per barrel. 

"We are hopeful the higher crude oil price levels 
we've recently experienced will continue through the 
rest of the year. Nonetheless, in our opinion, West 
Texas Intermediate prices will remain volatile, 
averaging about US$17 to US$ 18 per barrel for the 
year." "Demand will be strong in 1989 for all types 
of crude oil--conventional, light, medium, and heavy 
gravity categories and for synthetics. Pipeline 
capacity to markets in Canada and the United States 
Northern Tier may be tight for short periods, but 
overall, we anticipate few restrictions." 

In Mr. Rombougti's opinion the gas market "situation 
Is much the same again this year. Although gas 
prices should generally relate to crude oil price 
levels, during the past year gas prices have been 
strongly affected in all markets by gas-to-gas and 
Interfuel competition. No significant price improve-
ment is expected in either domestic or export 
markets In 1989." 

Gross income for the first quarter of 1989 was 
$196.7 million, $24.3 million or 14 percent higher 
than the corresponding period in 1988. Net  income 
for the period was $37.2 million, $1.6 million or 
four percent higher than 1988. These results reflect

increased sales volumes of crude oil resulting 
primarily from the property acquisitions In 1908, 
higher natural gas sales volumes and prices, and 
lower current income taxes. These gains were off-
set by increased Syncrude operating expenses, inter-
est expense and provisions for depreciation and 
depletion, all relating to the property acquisitions. 
Pancanadian's share of production from the Syncrude 
oil sands plant averaged 13,040 barrels per day com-
pared to 5,389 barrels per day in 1988. 

ALBERTA ENERGY COMPANY SETS RECORD SALES 

For the year 1980, Alberta Energy Company's (ARC) 
operational results were excellent. In addition to 
record gas and conventional oil production, Syncrude 
performed very well, with record output and reduc-
don of cash operating costs to less than $15 per 
barrel.	 ARC pipelines transported a record
322,000 barrels per thy. 

In	 1988	 the Corporation's	 cash flow	 was comprised 
approximately 54 percent	 from natural gas and con-
ventional oil; nine percent from Synerude; 23 percent 
from	 pipelines and	 14	 percent from	 Forest Products 
and other investments.

Profits were extremely price sensitive. Synthetic oil 
had only a $2.88 per barrel margin between Its cash 
operating cost and an average plant gate sales price 
of $17.70 in 1988. ARC's cash flow from its 
15,000 barrels per day of net production at Syncrude 
is markedly affected by price. 

In Situ Heavy Oil 

ARC holds an estimated 25 billion barrels of heavy 
oil in place, primarily on the Primrose Range In 
northern Alberta, after deducting the portion that 
Joint venture participants have earned or are en-
titled to earn. The Company's share is estimated to 
have the potential to ultimately produce over 
50,000 barrels per day of which approximately 
5,000 barrels per day could be realized within five 
years depending on favorable oil prices, markets, and 
fiscal terms. 

Enhanced Heavy Oil Recovery 

AEC's Suffield oil reservoirs hold approximately 
250 million barrels of conventional heavy oil in 
place, of which only six million barrels of remaining 
reserve is judged recoverable by conventional drilling 
and production methods. Several new methods are 
being investigated which show considerable promise 
for substantially enhancing reserve recovery. 

One technology being applied Is horizontal drilling.. 
The Company's first horizontal well, drilled In late 
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1987, penetrated 020 feet of the producing forma-
tion, compared with 50 feet for a conventional ver-
tical well at the same location. The well produced 
at a controlled rate of 100 barrels per day.

Syrnrude 

Syncrude is the world's largest oil sands mining plant 
and meets approximately 12 percent of Canada's oil 
needs. 

The second horizontal well, using an even more am-
bitious application of this technology, penetrated 
2 1 150 feet of producing formation, 45 times the 
penetration of a vertical well. The new well, 
placed on production at a cost of only 2.5 times 
that of a conventional vertical well, is expected to 
produce much longer, at higher rates, and with sub-
stantially improved profitability. 

In Situ Heavy Oil Sands 

AEC has enormous heavy oil resources on the 
2,000 square-mile Primrose Range located near Cold 
Lake in northern Alberta. To date approximately 
50 billion barrels have been delineated of which AEC 
has the right to about 50 percent or 25 billion bar-
rels. It is conservatively estimated that ap-
proximately 500 million barrels may ultimately be 
produced from AECs holdings depending on oil prices, 
markets and fiscal terms. Large scale development 
of this resource requires sufficiently strong market 
demand and prices to justify the capital investment. 
Although oil price weakness has caused project 
deferments, continued technical improvements and 
operating efficiencies have reduced operating costs 
to the point where relatively small oil price in-
creases could reactivate commercial development. 

During	 1988,	 field	 work commenced	 in the	 Burnt 
Lake	 region	 on a	 12,500 barrel-per-day commercial 
project in which AEC has a 12.5 percent working in-
terest	 plus	 an additional interest	 in net	 profits. 
Late in the year the operator proposed that project 
construction	 be slowed	 in response	 to lower	 oil 
prices.

Regulatory approvals have been awarded for a 
three-stage, 25 9 000 barrel-per-day commercial project 
in the south-central part of AEC's Primrose acreage. 
Drilling and construction are being delayed by the 
operator pending an improvement in oil prices. AEC 
has the right to retain a 25 percent working inter-
est or a net profits interest or a combination of 
both in the project. 

In the Caribou Lake region of Primrose, where AEC 
retains a working Interest ranging from 40 to 
50 percent, testing of the Clearwater formation con-
tinues to yield excellent results. A large pilot test 
is currently under consideration. 

Further north In the AEC-operated ipiatik East region 
where the Company has a 60 percent working inter-
est, the Wabiskaw formation contains six billion bar-
rels of oil in place. Pilot testing at ipiatik, which 
began In 1984, continues to demonstrate progress 
where new technology combining horizontal fracturing 
and a steam additive has Improved production several 
fold. Further optimization of this technology will be 
the emphasis of continued pilot operation in 1989.

AEC has a ten percent joint venture Interest, with 
an average seven percent overriding royalty on 
another ten percent of revenue. 

In 1988, Syncrude celebrated ten years of operation, 
having produced 380 million barrels of oil and com-
pleted a $1.4 billion, six-year capital investment 
program to improve reliability, reduce costs and In-
crease production. A key component of the invest-
ment program was the $680 million Capacity Addition 
Project (CAP) which was completed ahead of schedule 
and under budget. CAP adds approximately 
20,000 barrels per day to Syncrude's production 
capacity. 

AEC	 share of proven developed synthetic oil 
reserves was increased by 97 million barrels, at-
tributable to bringing CAP on stream. At 1900 
production rates, Syncrude's proven reserves are suf-
ficient to sustain 38 years of operation. 

AEC Pipelines is Alberta's largest intraprovinclal 
transporter of oil. During 1988, 322,000 barrels of 
oil per day were transported via its two owned and 
operated pipeline systems. New capital totaling 
$37 million was invested in these systems to meet 
the growing transportation requirements of the 
producers. 

Athena OilSands Pipeline (AOSPL), a wholly owned 
and operated system, is a 270-mlle pipeline deliver-
ing the oil production from the Syncrude plant to 
the Edmonton area where it Is distributed to local 
refineries and other pipeline systems for export from 
Alberta. 

During the year, an $18 million AOSPL system expan-
sion was completed, Increasing peak capacity to 
226,000 barrels per day. As a result of the 
Syncrude and AOSPL expansions, a record volume of 
149,000 barrels per day was transported during 1988. 

Heavy oil blends from in situ heavy oil projects in 
the Cold Lake region are transported to Edmonton 
via the 150-mile, AEC owned and operated Cold Lake 
Heavy Oil Pipeline network. Blended heavy oil 
throughput increased to a record 135,000 barrels per 
day compared with 121,500 barrels per day in 1987. 

An Energy Resources Conservation Board (ERCB) per-
mit was received to expand peak system capacity to 
215,000 barrels per day by constructing new tanks 
and a major pump station near La Corey. These 
facilities became operational in early 1989. Also, an 
ERCB permit was received to construct a lateral 
system to service the planned heavy oil plants on 
the Primrose Range.	 Due to softening oil prices, 
this project will not be completed before 1990. 
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TRAN 500. Technology 

The suitability of transporting heavy oil by using 
-water to reduce its fluid viscosity was successfully 
demonstrated. Water was substituted for the diluent 
traditionally used for this purpose. Further tests of 
the "rRANSOIL" technology are planned for 1989 on 
a major pipeline system. 

AMOCO/DOME MERGER CREATES SINGLE COMPANY 
WITH GIANT OIL SANDS INTERESTS 

The 1908 purchase of Dome Petroleum by Amoco 
Canada Petroleum Company has made Amoco a major 
holder of Canadian heavy oil and oil sands resources 
(see Figure 1).

FIGURE 1 

COMBINED HEAVY OIL AND
OIL SANDS INTERESTS

Since 1955, Amoco Canada has been actively involved 
with a multiplicity of test and development projects, 
and commercial production, while Dome Petroleum 
was similarly active with projects of its own since 
1978. Several of the Amoco Canada oil sands/heavy 
oil leases (Including those of the former Dome) are 
estimated to contain from one to 20 billion barrels 
of oil in place. 

Following are summaries of the major Amoco Canada 
oil sands and heavy oil projects as of the date of 
the merger. 

Dome Petroleum, with a 3.75 percent interest in the 
Syncrude project, received about 5,100 net barrels 
per day of synthetic crude oil In 1907 as its share 
of production. The Syncrude project has about 
100,000 acres of mineable oil sands leases at this 
site, of which 2,500 acres have been developed since 
it became a commercial project in 1978. 

In addition to its participation in the Syncrude 
project, Dome also produced 15,000 gross barrels per 
day (6,800 net) of heavy oil from about 650 wells in 
1987. That same year, Amoco Canada's heavy oil 
projects contributed an average of 5,000 net barrels 
of heavy oil per day, approximately 10 percent of 
Amoco's Canadian crude production. 

Most of this production came from two adjacent 
propertie--Dome's Lindbergh and Amoco Canada's Elk 
Point. The area is 110 miles east of Edmonton, 
near the Alberta-Saskatchewan border. The produc-
tive tar sands in this area are at depths of about 
1,500 to 2,000 feet. Virtually all of the wells In 
the Elk Point! Lindbergh area are on cold production 
(using conventional methods). 

A second Amoco Canada heavy oil project, at Soars 
Lake, Alberta, was expanded significantly in 1988 
with the midyear completion and startup of a 
16-well, slant-well pad and production facilities on 
the Elizabeth Metis Settlement. Huff-and-puff steam 
Is employed to enhance recovery.	 Amoco Canada 
has some 22,000 acres under lease here, 	 with 
100 percent working interest. The Soars Lake 
project's 16 wells are expected to be capable of 
producing about 1,000 barrels of heavy oil daily. 

Amoco Canada's Wabasca heavy-oil project (Amoco 
working Interest, 	 100 percent encompasses some 
170,000 acres of oil sands leases. The projecfl 
26 vertically drilled wells have primary production 
potential of about 360 barrels of heavy oil daily. A 
pilot project to develop the huge resource potential 
of this lease is being developed.	 In October 1988,
two horizontal wells were drilled at Wabasca--the 
first such wells drilled by Amoco Canada. The 
horizontal wells are expected to produce six to 
10 times as much oil on primary production as ver-
tical wells. 

Amoco Canada has a 12.5 percent working interest 
in and is operator of the Gregoire Lake In Situ 
Project, known as CUSP.	 Primarily a research 
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project, It consists of four wells to test the effec-
tiveness and economics of continuous steam (and 
steam with chemical) flooding of a heavy oil forma-
tion. The CLASP research project is directly related 
to Amoco Canada's 85 percent interest in 
105,000 acres of Athabasca tar sands leases In the 
Gregoire Lake area. The company estimates that 
this lease may contain from 15 to 18 billion barrels 
of oil in place. 

Primrose, Dome's other major heavy oil project (prior 
to the acquisition) Is about 60 miles north of the 
Lindbergh area. While low oil prices are a barrier 
to immediate development, the objective Is to bring 
production up to 25,000 barrels of heavy oil per day 
by the early to mid-1990s and maintain It at that 
level for a sustained period of roughly 20 years. 
Development of the project eventually will entail the 
drilling of more than 2,000 closely spaced wells. 

The Primrose commercial project encompasses some 
20 sections of land, or 12,800 acres.	 The total 
Primrose lease block, however, covers some 
200,000 acres, It is estimated that the 12,800 acres 
contain as much as one billion barrels of original oil 
In place. Dome anticipated that It would be able 
to achieve an eventual 20 percent recovery rate 
over the project's 25 year life, or some 200 million 
barrels of oil. The capital investment required to 
realize this objective was estimated at about US$1 
to U S$1.3 billion, plus some $65 million a year of 
operating costs over the life of the project. These 
costs are typical for projects to develop heavy oil 
reserves and production.

and funded by the State Division of Oil, Gas and 
Mining. 

Phase II will be conducted over a 21-month period 
and will consist of technology research and develop-
ment, resource characterization and evaluation and 
product and market development. 

A modular process development unit, based on 
patented University technology, will be constructed 
and operated to obtain engineering design data. 

A	 conceptual, commercial facility	 will	 be optimized 
as to scale	 and location. Deposits	 to be considered 
are Suanyside near	 Price, Whiterocks near Roosevelt, 
Asphalt	 Ridge near	 Vernal and	 P.R.	 Spring near	 the 
Uintah-Grand county line.

Results of the project are expected to make tech-
nology available for commercial development of Utah 
tar sand on a large scale, according to JWBA. The 
technology was developed at the University over the 
past 14 years and the company has purchased a 
license to the technology from the University. 

JWBA Is a recently formed Utah company whose 
primary activities are technology development for the 
energy, hydrocarbon and petrochemical industries. 
The company says that production of Utah tar sands 
for asphalt would improve the availability and 
quality of asphalts used In the Rocky Mountain 
region. 

With current world oil prices so low, Dome's former 
oil sands and heavy oil holdings, now combined with 
Amoco Canada's, primarily represent an opportunity 
for future investment, when oil prices are high 
enough to support further development. Amoco 
Canada clearly will be among the leading producers 
of heavy oil when that time comes. 

HUNGER ASSOCIATES GETS TAR SANDS FUNDING 

The United States Department of Energy has awarded 
James W. Hunger and Associates, Inc. (JWBA) a 
$500,000 contract to expand research and develop-
ment work for producing asphalt from Utah's tar 
sands. 

The president of the University of Utah Research 
Park-based company says the award Is for Phase II 
of a Small Business Innovation Research contract. 
The Phase I study by JWBA verified the technical 
market and economic feasibility for producing a 
premium, specification-grade asphalt from Uinta Basin 
tar sands. 

The potential for producing asphalt from tar sands 
was Identified as early as 1976 in a project in-
itiated by J. W. Sanger and A. C. Oblad of the 
University of Utah's Department of Fuels Engineering

WESFMIN SELLS HEAVY OIL RESOURCES TO NORCEN 

As of publication, subject to the receipt of 
favorable tax rulings and the approval by the voting 
shareholders of Westmin Resources Limited, Noreen 
Energy Resources Limited will purchase substantially 
all of the oil and gas assets of Westmin Resources 
and $56 million In working capital, for approximately 
$528 million. Westmin Resources Limited will seek 
the approval of shareholders at its annual meeting 
on June 12, 1989 in Vancouver, British Columbia. 

Westmln owns the title to the mineral rights on sig-
nificant blocks of property In both the Lindbergh 
heavy oil field and in areas located north, east and 
west of Edmonton, Alberta. 

Although activity has slowed at Westmin's Lindbergh 
Heavy Oil area, two new thermal research projects, 
originally scheduled for 1989, are expected to be 
continued by the new ownership. 

During the latter portion of 1988, Westmin's produc-
tion and sales of heavy oil were severely restricted 
due to the negative Impact of falling prices. 
Operations were reviewed to optimize cash flow and 
field inventory was allowed to increase to take ad 
vantage of higher prices expected during 1989. 
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Sales in tile first half declined from 4,954 barrels 
per day in 1987 to 3,956 barrels per day during 
1988, primarily due to production restraints as a 
result of lower netbacks. Deteriorating prices 
caused a further reduction to 3,002 barrels during 
the last half of 1988 compared to 4 0 926 barrels per 
day during the corresponding period of 1987.

through viscosity modifications are also expected to 
continue. 

Stearn injection continued on Westmin's cyclic steam 
pilot with emphasis focused on operational ef-
ficiencies and improvements to facilities. Many of 
these may be incorporated when full-scale commer-
cial development is initiated. Injection was 
suspended at the steam flood pilot while a new 
technique involving continuous loading of wells was 
refined and additional equipment installed. 	 Single-



well cyclic steam tests were continued on a reduced 
number of wells. Particularly encouraging were 
results obtained when previously marginal producers 
were stimulated under the program. 

Westmin's first thermal activity outside of the 
Lindbergh area was initiated during 1988 when a 
Beacon Hill well was steam-stimulated. Results of 
the test are currently being evaluated. 

During 1988,	 21 infill wells were drilled at 
Lindbergh.	 Log analysis Indicated good Dina poten-
tial In a number of these wells.	 Basal Mannville
sands, which are predominant at Lindbergh, were 
present In all wells. Due to exceptionally low 
prices received In late 1988, it was decided to 
defer completion of these wells until 1989. 

Westmin is discussing a number of projects with the 
proposed new owner of its oil and gas assets, Nor-
cen Energy Resources Limited which could lead to 
major developments. These include one well to be 
drilled to test a computer simulation model involving 
heat transfer between sands. Should field tests 
verify simulated results obtained in 1988, both in-
creased recoveries and decreased operating costs 
could be expected over the long term from the 
Lindbergh operations. 

Simultaneous to these experiments,	 Westmin will 
recommend	 restarting steam injection	 at	 the 
Company's steam flood pilot. The effect of closer 
well spacings, along with continuous loading proce-
dures, are expected to significantly improve project 
economics. 

Due to the experimental nature of the two preceding 
projects, an application was submitted to the Alberta 
Oil	 Sands	 and	 Technology	 Research Authority	 for 
funding	 assistance	 prior	 to	 Norcen's proposed	 pur-
chase.	 Under	 terms	 currently proposed,	 the 
Authority would contribute an equal share of project 
costs	 in	 return	 for	 the	 rights	 to	 market	 any	 new 
technology developed.	 The Company would	 be	 en-
titled	 to	 use	 any	 new	 methods on	 its	 own 
properties.

In addition to AOSTRA funded projects, continuous 
loading may be extended to cyclic steam wells. 
Trials with chemicals which improve productivity

HUSKY DOWNSIZES HEAVY OIL OPERATIONS 

Husky Oil Operations Ltd. announced a downsizing of 
its Lloydminster heavy oil production operations by 
shutting down marginal and uneconomic projects and 
wells. The downsizing caused about 225 uneconomic 
primary oil wells to be shut-in immediately. Most 
of these wells produced less than five barrels of oil 
per day and were not covering their operating costs 
under the continuing low oil price environment. 

As a result of these operating changes, and in an-
ticipation that new enhanced oil recovery projects 
will not be economically attractive over the next 
couple of years, Husky is downsizing its Lloydminster 
production operations group. Approximately 10 Husky 
employees will be transferred to other operating 
areas	 in	 the	 Company	 and	 approximately 
20 employees will be laid off. In addition, about 
20 contract operating staff will no longer be re-
quired. 

Husky anticipates its heavy oil activity will again 
increase in the longer term when oil prices are ex-
pected to improve. After the downsizing, Husky will 
continue to operate approximately 1 9 750 wells In the 
Lloydminster area which will produce approximately 
25,000 barrels of oil and 38 million cubic feet of 
natural gas daily. 

Husky	 said that	 the downsizing	 of	 the	 heavy oil 
production operations will	 have	 no	 impact	 on the 
Ri-Provincial Upgrader Project.	 Engineering work on 
this project is	 continuing and	 field construction will 
resume	 this summer. When the	 Upgrader comes on 
stream,	 it will	 have some impact	 on	 reducing the 
price	 differential	 between	 heavy	 oil	 and	 light oil 
and	 should improve the	 outlook	 for	 heavy oil 
production.

M.W. KELLOGG RWAINS RIGHTS TO FCC/HOC 
TECHNOLOGIES 

An engineering and construction subsidiary of Dresser 
Industries, Inc. says that It once again Is the sole 
owner of the exclusive worldwide rights to its fluid 
catalytic cracking and heavy oil cracking tech-
nologies. M. W. Kellogg had been required to divest 
itself of certain rights to these technologies during 
merger activities In 1983. 

Kellogg sold the exclusive right to license its fluid 
catalytic cracking technology in the United States, 
and non-exclusive rights to offer it worldwide, as 
the result of a 1983 Department of Justice decision. 
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after Kellogg's then-parent company, Wheelabrator 
Frye Inc., merged with The Signal Companies, Inc. 
Kellogg also sold non-exclusive rights to offer its 
heavy oil cracking technology worldwide. 

In a purchase agreement signed In Allentown, Pen-
nsylvania, Kellogg reacquired all worldwide rights to 
the FCC/HOC technology from Air Products and 
Chemicals Inc.'s Houdry Process Corporation. The 
transaction includes rights to all related process im-
provements made by Air Products. 

Several key refining experts have returned to Kel-
logg from Air Products as a result of the agreement. 
M.

 
W. Kellogg officials call the agreement "a key 

indicator that Kellogg intends to stay at the 
forefront of fluid catalytic cracking technology," one 
of the first of many leading-edge processes 
developed in its laboratories. 

SUNCOR RECORDS LOSS, SCHEDULES CUTBACKS 

The Suncor Oil Sands Group achieved the second 
highest production level in its history during the last 
nine months of 1988. This performance followed the 
successful first quarter reconstruction of facilities 
which were damaged in a fire In October 1987. 

For the year, however, Suncor recorded a loss from 
operations of four million dollars In 1988, compared 
to earnings of $48 million in 1987. The loss for 
1988 including unusual charges was $49 million. 
These Items include an after-tax charge of $44 mil-
lion resulting from the sale of some producing 
properties in Western Canada. There was also an 
unusual after-tax charge of nine million dollars e-
lated to manpower reductions at Suncor scheduled 
for 1989. 

Two operating setbacks particularly affected Suncor's 
financial performance In 1988. Synthetic crude 
production was down by more than 50 percent in 
the first quarter over the comparable quarter in 
1987 as a result of the extraction plant fire in Oc-
tober 1987. This was followed by an extended shut-
down of the catalytic cracking unit at the Sarnia 
refinery for fire damage repairs, 

Earnings	 were also severely affected by fluctuations 
in	 world	 crude	 prices, which fell to	 below 
US$13 per barrel and a yearly per barrel average of 
approximately	 US$16.	 The stronger Canadian	 dollar 
further eroded profits.

In the current environment, Suncor is proceeding 
with its objective of rebalancing assets to improve 
the quality and reliability of earnings. A critical 
component is reducing Suncor's financial exposure to 
its oil sands plant.	 The Company is exploring op-



portunities with potential investors who may wish to 
participate in the Fort McMurray facility. On the 
operations side, the debottlenecking project will im-
prove the plant's output and reliability. In addition,

the Company is studying a further expansion of the 
plant. Management believes that this expansion of-
fers a competitive option for future oil sands 
development. The company says It is seeking inves-
tors to help finance such an expansion to as much 
as 125,000 barrels per day at a cost of two billion 
dollars. It would also like to sell a part interest in 
the existing plant. 

A major highlight of the year was the completion of 
rebuilding facilities damaged during the October 1987 
fire. This project was completed ahead of schedule 
and within five percent of budget. The rebuild was 
combined with a maintenance turnaround--the first 
ever In the winter months--which has deferred the 
need for a scheduled shutdown until 1990. 

The plant was successful In maintaining cash operat-
ing costs during the last nine months at $14.50 per 
barrel. 

Sales volumes of syncrude for the last nine months 
of 1980 averaged 56,300 barrels, compared to 
average volumes of 56,800 barrels during the first 
nine months of 1987. 

Early In December, the Company announced a slow-
down of its $200 million debottlenecking project. 
Originally scheduled for completion in 1992, the 
debottlenecking project is intended to increase syn-
thetic crude production to 70,000 barrels per day, 
improve plant reliability and lower operating costs. 
The Oil Sands Group will continue with some en-
gineering studies and work on a consultative basis 
with government and local communities to complete 
necessary licenses and approvals to facilitate a quick 
restart when crude prices Improve. 

A first stage of the debottlenecking project, the 
nine million dollar naphtha recovery unit, was com-
pleted in 1988. The facility, which began operations 
ahead of schedule in November, Is recovering more 
than 1,000 barrels of naphtha per day. 

The Group continued efforts to reduce operating 
costs and improve productivity. The efficiency of 
overburden removal operations was improved through 
the use of a new dispatch system. Mining produc-
tivity increased with the introduction of more effec-
tive blasting patterns.	 The introduction of a new
water analyzer, together with automated control in 
the extraction process, resulted in an Improved 
diluted bitumen product as well as reduced chemical 
costs. 

One of the most effective means of increasing 
productivity is by improving plant reliability. During 
1988, the Group completed a comprehensive facilities 
risk review,	 which examined the potential for 
damage or failure in all plant operations. The 
study, Initiated In response to the extraction plant 
fire, identified opportunities for Improving operating 
design, procedures and working methods, some of 
which will be implemented In 1989. 

The electrical integrity of the plant was considerably 
enhanced with the completion in the first quarter of 
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a two-year project to overhaul and reconfigure the 
electrical distribution system. The plant Is now able 
to withstand electrical failures which in the past 
would have stopped production. Employees can also 
conduct performance maintenance operations on 
electrical equipment without affecting plant opera-
tions. 

Efforts to improve plant reliability continue to focus 
on quality assurance and preventive maintenance 
programs. During 1988, the Group conducted exten-
sive surveys of the small bore piping in the upgrad-
ing area and the electrical systems in the upgrading 
and extraction operations and took appropriate ac-
tions to correct deficiencies. Improvements to the 
Groups computerized maintenance Information system 
in 1988 have enabled employees to schedule and 
track maintenance work more effectively. 
"Remaining life studies" conducted during 1988 indi-
cate that with appropriate maintenance all major 
equipment should continue to operate at least to the 
end of the current lease life. 

Heavy Oil 

Suncor and Its partners decided late In 1988 to 
freeze spending on the development of the Burnt 
Lake, Alberta heavy oil property in response to con-
tinuing uncertainties over crude prices. The 
property, in which Suneor can earn a 79 percent in-
terest,	 contains about 322 million barrels of 
recoverable crude oil. It was originally scheduled to 
begin production in early 1990. A decision to 
proceed with the project will require confidence in 
a higher and sustained crude price outlook. 

Phase one of Burnt Lake will cost $125 million and 
produce about 12,500 barrels per day with total 
recoverable reserves estimated at 250 million barrels. 
The project was originally slated to be complete by 
1990. 

About C$25 million was spent last year at Burnt 
Lake on installation of water treatment facilities and 
a steam generator. Last year, Suncor drilled about 
40 of the project's proposed 160 slant wells. 

In addition, the Company and its 50 percent partner, 
Triton Canada Resources announced the termination 
of operations at the 1,500 barrel per day Fort Kent 
heavy oil project. There are no plans to resume 
work there in the future. 

Pa virat mental Protection 

Steps were taken to investigate and deal with 
sources of odor which have been linked to the 
plant. Odor emissions were reduced through the 
construction and operation of the naphtha recovery 
unit.

The Oil Sands Group also continued Its program to 
reclaim land disturbed by mining operations with the 
reclamation of an additional 120 acres. This 
program has been commended by the Alberta Land 
Conservation and Reclamation Council. 

A	 localized spill of	 PCBs	 resulting from	 the	 extrac-
tion	 plant fire in	 October	 1987 was	 successfully 
cleaned	 up by August	 1988	 and the	 contaminated 
materials were disposed of. 

MURPHY CUTS BACK HEAVY OIL OPERATIONS 

Murphy Oil Corporations Annual Report notes that 
depressed heavy oil prices, which hit a low of $4.70 
a barrel in November, forced temporary closure of 
the Lindbergh plant and removal of five million bar-
rels of proved reserves. 

The Lindbergh project was shut down because 
operating costs exceeded sales prices. Commercial 
operations were still in the start-up phase, but the 
project demonstrated the capability of producing 
2 9 600 barrels of oil a thy, which is above design 
rates. Lindbergh remains an integral part of 
Murphy's future heavy oil plans and will be returned 
to production when prices recover. 

The steam	 tests	 at Atlee-Buffalo and	 Morgan	 were 
also shut down.	 At Morgan,	 two steam cycles were 
completed	 with	 a one-well	 steam stimulation	 test 
prior to shut-down; the technical results are promis-
ing.

The fireflood at Eyehlll continued to meet expecta-
tions. Because of low prices, the process has been 
slowed down to reduce operating costs; the slowdown 
has delayed technical results and extended the life 
of the project. 

The steam pilot at Bodo has performed very well 
technically and will move into the steamflood phase 
in late 1989. Technical information gained from this 
project will be valuable in assessing the process for 
application in the Plover and Eyehill areas. 

At Tangleflags, where a well In 1987 was drilled al-
most 1,200 feet horizontally through a heavy oil 
reservoir, the horizontal steam-stimulation pilot Is a 
new process that could have significant potential in 
Increasing recovery of Murphy's heavy oil reserves. 
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GOVERNMENT 

ERCB REPORTS RECORD PRODUCTION AT CANADIAN 
Oil. SANDS PLANTS IN 1988 

The Alberta Energy Resources Conservation Board 
(ERCU) maintains production statistics for the two 
integrated oil sands plants in Alberta. 

Syncrude (Figure 1) achieved a record production 
level for the year following completion of a major 
capacity addition project. 

At Suncor, despite operating at record levels during 
the latter part of the year, the 1980 total was 
lower than the previous record set in 1986. This is 
because production in January and February had still 
not recovered from the effects of a fire at the 
plant in late 1987 (Figure 2). 

Combined total production of syncrude from the two 
plants easily set a new record (Figure 3). The com-
bined output of 11.7 million cubic meters exceeded 
the previous record established in 1986 by over 
eight percent.

FIGURE 1 
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ENERGY POLICY AND FORECASTS 

ERCB FORECASTS STRONG GROWTH IN BITUMEN 
PRODUCTION 

The Alberta Energy Resources Conservation Board 
(EaCH) has issued it new 15-year forecast of Alberta 
oil supply which shows dramatically higher expecta-
tions for bitumen production in the late 1990s than 
had been forecast by the Board In its last (1985) 
forecast. 

Updated estimates of the ultimate potential for light 
and heavy crude oil, pentanes plus, and bitumen 
(mining and in situ) are summarized in Table 1. 
Reserves have been significantly increased relative to 
those reported In ERCB's 1985 report, except for the 
in situ portion of bitumen which remains unchanged. 

The Board's detailed geological reassessment of con-
ventional in-place reserves shows: 

- The	 ultimate potential for	 light	 and heavy 
crude	 oil	 and	 pentanes	 plus	 has	 been	 in-
creased	 to	 a combined total	 of	 3.335 billion 
cubic	 meters, which	 is seven percent higher 
than the 1985 estimate.

- The established reserves of pentanes plus 
have increased by 14 percent, largely be-
cause of the discovery of the Caroline Pool. 

The total ultimate potential for bitumen that would 
be extracted by mining operations has been increased 
to 10 billion cubic meters, which Is 43 percent

higher than was recognized in the ERCA 1985 
forecast. 

The total ultimate potential for bitumen reserves 
amenable to in situ recovery has remained unchanged 
at 39 billion cubic meters. 

Based on the revised reserves estimates, the Board 
prepared a forecast of future annual supply of crude 
oil and equivalent by considering three different 
price scenarios. The most optimistic of the price 
forecasts (referred to as Base Case 1) starts with an 
oil price of about U S$ 23 per barrel in 1090, which 
increases to nearly US$50 per barrel ($28 per barrel 
in constant $1987) by the year 2000. A slightly 
less optimistic scenario (referred to as Base Case 2) 
begins with an oil price of about $19 in 1990, in-
creasing to about $39 (US$22 in constant $1987) by 
the year 2000. The third scenario (referred to as 
the Low Price Case) reflects recent pessimism 
regarding energy prices, and starts with an oil price 
of about $USI5 per barrel in 1990, gradually in-
creasing to only about $27 by the year 2000. 

The forecasts of total oil supply from Alberta over 
the interval 1988 to 2003, based on the three price 
scenarios, are Illustrated on Figure 1. A narrow 
range of expected supply Is bounded by Base Cases 
1 and 2. Specifically, the forecasts predict that: 

- In all instances, the conventional crude oil 
supply Is expected to decline moderately by 
the mid-1990s. 	 The rate of decline is in-
fluenced significantly by industry activity. 

TABLE 1 

ULTIMATE POTENTIAL OF *IREWFA (flJDE OIL
AND J1VALfl(T--ALL SOURCES 
(Millions of Cubic Meters) 

Pentanes Blttana 
Light Heavy Plus Mining In Situ 

Initial 
Established 2,050 145 294 5,300 84 

Cunv I at le 
Production 1,487 95 165 133 22 

Remaining 
Established 563 50 129 5,167 62 

Discoveries/ 
Additions 350 115 136 - - 

Tertiary 195 50 - - - 
Future Potential - - - 4,700 38,916 
Ut I imate 

Potential 2,595 310 430 10,000 39,000 
Total Remaining 

Potential 1,108 215 265 9,867 38,978

°Colunns show raw bitumen, not synthetic crude oil 
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FIGURE 1 

TOTAL SUPPLY OF ALBERTA'S 
CRUDE OIL AND EQUIVALENT 

200

on. 
240 

S.  

200 On. Ca. 

ISO 

180 

50 z 
C 

a 40 

0 
*955	 *590	 1992	 *994	 '995	 1995	 2000	 2003 

- Pentanes plus supply is Identical In all three 
cases, since production is more directly re-
lated to gas markets than It is a function of 
oil prices. 

- Total supply in Base Cases 1 and 2 is ex-
pected to be maintained at 220,000 cubic 
meters per day or higher over the forecast 
interval. Forecast declines in conventional 
crude oil production are largely offset by in-
creases in bitumen and synthetic etude oil 
(SCO) production. 

Figure 2 shows the breakdown between sources for 
Base Case 1. 

Cnzcie Bitumen Supply 

The pattern of development under each of the price 
scenarios was predicated on an assessment of infor-
mation provided by operators and, to some extent, 
on the results of the Board's economic analysis of 
the most promising development sites in Alberta. In 
general, oil sands developments are expected to be 
much more sensitive to economic conditions than is 
activity In the conventional oil industry. 

The supply of crude bitumen, as shown In Table 2 
and in Figure 3 was based, in part, on an assess-
ment of the most likely development plans for oil 
sands leases, identified by the operators. The as-
sessment included an in-house technical review of 
the lease productive capability in relation to the 
Proposed development technology. In addition, an 
economic analysis of a representative project was 
conducted to help predict the impact of each of the 
price scenarios on the timing of development. The 
impacts of each of the price scenarios on the rep-
resentative project were used as proxies for other 
proposed projects and expansions, for which there

was not enough detailed Information for a complete 
economic analysis.

FIGURE 2 
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In the Base Case 1 forecast, considerable growth in 
the supply of crude bitumen would occur for the 
next 10 years, as an early scheduling of new plants 
and expansions would be expected under this price 
scenario. This optimistic forecast Is not expected to 
be achieved without an expansion in North American 
upgrading and pipeline capacities, and/or continued 
growth In exports to offshore markets. The current 
pipeline-connected North American market for 
Canadian heavy oil Is about 80,000 cubic meters per 
thy and may be constrained by a diluent shortage In 
the late 1990s. 

Moderate growth would occur under the Base Case 2 
price scenario. In general, the expansion plans of 
existing commercial projects would not be expected 
to differ significantly between the two base cases 
over the short term (two to three years). Reduced 
cash flow and financial viability would be expected 
to delay some development plans in the long term, 
however. 

Under both price forecasts non-upgraded bitumen 
production averages 32,000 cubic meters per day in 
1990. In the Base Case 1 scenario, crude bitumen 
production peaks at 65,000 cubic meters per day in 
1998, and declines somewhat with the introduction of 
a bitumen upgrader. Under the Base Case 2 
forecast, crude bitumen reaches 46,000 cubic meters 
per day by the end of the forecast. 

Synthetic Crude Oil 

The Board's forecasts of total synthetic crude oil 
production are shown in Figure 4. A similar 
methodology to that of the crude bitumen forecast 
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TABLE 2 

FORECAST OF (2UDE BIflJMflJ PRaxcrIaJ AND
SYNIHErIC (RUDE OIL SUPPLY 

1988 - 2003 BASE CASE I.
(Thousands of Cubic Meters Per Day)

Gross Synthetic Crude Oil  Non-Upgraded 
Year Bitumen Mining	 In Situ Total Bitumen 

1988 62 31	 - 31 23 
1989 65 32	 - 32 26 
1990 72 33	 - 33 32 
1991 76 34	 - 34 35 
1992 83 36	 - 36 41 
1993 91 36	 - 36 47 
1994 101 38	 - 38 55 
1995 107 41	 - 41 59 
1996 114 46	 - 46 61 
1997 123 54	 - 54 63 
1998 130 58	 - 58 65 
1999 139 64	 2 66 65 
2000 141 65	 4 69 63 
2001 142 67	 4 71 62 
2002 143 67	 5 72 62 
2003 144 67	 6 73 61

FIGURE 4 
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was used. Both synthetic crude oil forecasts assume 
Syncrude's recently completed capacity addition 
project will bring Its total synthetic crude oil 
production to 25 9 000 cubic meters per thy by 1991, 
with an Improvement in the yield of synthetic crude 
oil from bitumen of approximately two to five per-
cent. Each forecast also assumes that Suncor will 
complete a debottlenecking program and increase Its

upgrading capacity to 11,600 cubic meters per day 
by 1993. 

Differences between the two forecasts arise from 
the expected impact each price scenario would have 
on the timing of OSLO, Syncrude and Suncor expan-
sions, and an upgrader. A five-year construction 
period prior to the phase-in of production is as--
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sumed for all plants and expanslo 
capital, engineering, and manpower 
would likely occur If all projects 
projects outside Alberta) proceeded 
staggering of project start-up dates 
porated. 

The yield of synthetic crude oil from bitumen is de-
pendent on the upgrading technology used. The 
Board expects OSLO and other future projects will 
use high-yield hydrogen addition upgrading technology 
which is expected to achieve a yield of ap-
proximately 100 percent. 	 Following its expansion,
Syncrude Is expected to achieve yields in the 92 to 
95 percent range.	 This compares with the current 
project yield of 81 to 84 percent range.

A new bitumen upgrader was assumed to be built In 
both forecasts. In general, the timing for the con-
struction of the upgrader was expected to be a 
function of the price differential between light and 
heavy crude oil, although other factors could in-
fluence the timing of the development. A differen-
tial of approximately US$45 per cubic meter ($7 per 
barrel) between heavy and light was assumed to be 
the commercial threshold necessary for construction 
of an upgrader. From production levels of 
33,000 cubic meters per day in 1990 under the Base 
Cases 1 and 2 price forecasts, synthetic crude oil 
production reaches about 73,000 cubic meters per 
day under each case, albeit with a more gradual in-
crease under the Base Case 2 scenario. 

as. To reflect 
constraints that 
(including major 
concurrently, a 
has been Incor-
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TECHNOLOGY 

KAOLINITE IN CIRCLE CLIFFS TAR SAND CUTS 
RETORTING YIELD 

In a presentation to the Rocky Mountain Fuel 
Society Symposium held in Denver in February, a 
research team at the University of Utah discussed 
experiments involving the pyrolysis of bitumen-
impregnated sandstone from the Circle Cliffs tar 
sand deposit. A series of runs was made in a con-
tinuous flow bench scale fluidized-bed reactor. 

The primary operating variable Investigated was the 
pyrolysis zone temperature,	 which ranged from 
798 0 to 873°K. The feed sand retention time, the 
fluidizing gas velocity or flow rate, the feed sand 
particle size distribution, and the reactor pressure 
were maintained constant throughout the series of 
pyrolysis experiments. The feed sand retention time 
was 21.6 minutes, the fluidization gas velocity was 
three times the minimum fluidization velocity, the 
average feed sand particle size was 359 microns, 
and the disengager-expansion chamber pressure was 
two to three psi above the ambient, atmospheric 
pressure. The C 5 hydrocarbon liquid product yield 
decreased with increasing pyrolysis reactor tempera-
ture above 823 0K and ranged from 17 to 28 weight 
percent based on the bitumen fed to the reactor. 
This amounted to a reduction in liquid product yield 
of more than 50 percent compared to that obtained 
with feed sand from the Tar Sand Triangle tar sand 
deposit, and a reduction of 50 to 75 percent com-
pared to the yields obtained with feed sands from 
the Ulntah Basin tar sand deposits (Sunnyside, 
Whiterocks, and PR Spring) at comparable operating 
conditions. The product distribution and yields ap-
pear to have been significantly affected by the 
presence of kaolinite in the Circle Cliffs host rock, 
which was apparently activated as a cracking 
catalyst at the pyrolysis reactor conditions. The 
kaolinite functioned as a cracking catalyst converting 
the produced C 5 hydrocarbon products to C1-C4 
gases with little influence on the amount of the 
carbonaceous residue on the spent sand. 

The bitumen-free Circle Cliffs tar sand mineral sub-
strate was capable of cracking normal hexane at 
723°K (6 weight percent conversion) and at 7730K 
(20 weight percent conversion) whereas the 
bitumen-free Whiterocks tar sand mineral substrate, 
which Is primarily a Navajo sandstone, gave less 
than one weight percent conversion at 773 0 K. The 
product distribution obtained with the Whiterocks 
mineral substrate was typical of that observed for 
thermal cracking, whereas the product distribution 
obtained with the Circle Cliffs mineral substrate was 
typical of that observed for catalytic cracking at 
723 0 K; that Is, It was typical of the product dis-
tribution for a carbonium Ion mechanism. The 
product distribution obtained with the Circle Cliffs 
mineral substrate at 773 0 K appeared to be typical of 
that expected from a combination of thermal and 
catalytic cracking.

The results suggest that pyrolysis would not be 
practical means of treating Circle Cliffs tar sand. 

I4ICROBUBBLE FLOTATION PROCESS PATENTED 

United States Patent number 4,783,268 has been 
issued to A. H. S. Leung, and assigned to Alberta 
Energy Company, Esso Resources Canada, Gulf Canada 
Resources, the Province of Alberta, Petro-Canada, 
PanCanadian Petroleum and IIBOG-Oil Sands Limited 
Partnership. These companies are the owners of 
Syncrude Canada Ltd. 

The Invention relates to an improvement to the 
known hot water process for extracting bitumen from 
mined oil sand. More particularly, the invention re-
lates to a form of Improved aeration in the process. 

The patent discussion notes that, while many of the 
hot water process parameters have heretofore been 
extensively researched, relatively little research has 
been directed to the addition of air and its effects 
on primary froth recovery. This omission was 
perhaps a consequence of early development work, 
undertaken by Syncrude. Air injected into the 
primary separation vessel had resulted in an Increase 
In the contamination by solids and water of the 
primary froth. Additionally, researchers had Injected 
air into the tumbler, without finding any significant 
increase in primary froth recoveries. 	 At the time 
of the present invention It was, therefore, the 
widely held belief that air addition (as opposed to 
air entrainment In the tumbler) was either mildly 
deleterious In the process or was not a critical 
parameter either way. 

The early work leading up to the present invention 
began by injecting air alone Into the slurry line 
carrying the diluted aqueous slurry. It was found 
that the oil content of the middlings was depressed 
a small amount (which is favorable), but the im-
provement was only minor and the total bitumen 
recovery was not significantly improved. It was 
postulated that the formed bubbles, (whose diameters 
were on the order of four millimeters, as derived 
from photographic studies) might be too large for 
efficient attachment with the minute bitumen 
globules. 

It was postulated that if microbubbles of air could 
be introduced into the flowing diluted aqueous slurry 
stream, improved attachment between the bitumen 
globules and air might take place. This in turn 
could result In improved froth quality coupled with 
increased yield. However, heretofore, the techniques 
and equipment utilized for the generation of 
microbubbles typically Involved	 mechanical spargers 
and the like.	 While suitable for use in clean sys-



tems, such devices would rapidly become plugged and 
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Inoperative In the oily and high solids content fluids 
Involved in the hot water process. 

One aspect of the invention, therefore, Is a par-
ticular	 methodology	 for	 the	 production	 of 
microbubbics of air.	 This technique was found to
yield minute air bubbles using equipment that would 
not plug.	 Specifically, a steam stream and an air
stream in admixture are Injected via a submerged 
nozzle into a flowing aqueous stream. A gaseous 
jet is formed at the outlet of the nozzle. At the 
boundaries of the jet, the eddies create vortices 
which entrain fluid Into the jet. The steam and air 
stream is broken up Into small bubbles which mlic 
with the fluid.	 The steam component condenses, 
leaving a plurality of minute, finely dispersed, un-
condensed air bubbles. Typically, the diameter of 
these "microbubbles" is on the order of 100 microns. 
The microbubble size range may be varied by adjust-
ment of the steam to air ratio and by selection of 
a suitable jet. 

In another broad aspect of the invention, It has 
been discovered that when a profusion of 
microbubbles of air are Injected into the diluted 
aqueous slurry formed in the hot water process after 
the conditioning step, and prior to the introduction 
thereof into the flotation /settling zone, Increased 
recovery of bitumen as primary froth may be ob-
tained.	 The mierobubbles are generated as previ-



ously described. 

The gist of the invention therefore involves the 
combination of: 

- Mixing steam and air in a chamber 

- Discharging the mixture as a pressurized jet 
into the diluted aqueous slurry of the hot 
water process, with resulting production of a 
dispersion of a multitude of minute air 
bubbles 

- Practicing the aeration step on the diluted 
aqueous slurry before it enters the primary 
separation vessel 

The experimental work underlying the Invention was 
carried out In a continuous pilot-scale hot water 
extraction circuit operating at a rate of about 
2,270 kilograms per hour. Results derived from the 
pilot plant, which is illustrated in Figure 1, are cor-
relatable to Syncrude's plant operation. 

The generation of microbubbles was carried out as 
shown In Figure 2: 

A stream of steam was supplied via line 10. This 
line 10 included a variable control valve ba and a 
check valve lob. The steam supplied by the line 10 
was jetted through nozzle 12a Into the mixing cham-
ber 12b of a mixing tube 12. A stream of air was 
supplied via line 13 to the mixing chamber 12b at 
the outlet of the nozzle 12a. Lines 13 included a 
control valve 13a and a check valve 13b. In mixing 
chamber 12b, the steam and air commingled into a

controlled ratio. From mixing chamber 12b, the 
steam air mixture passed through an orifice 12c, a 
line 15, having a check valve 16, and through a 
nozzle 17. The nozzle 17 was positioned at an el-
bow of the slurry line 9. 

FIGURE 1

HOT WATER PILOT PLANT SYSTEM 

________	
HOT WATER 

STEAM

Li t 
PRIMARY	 TENA

FROTH	 .. R 
L__ PRIMARY	 Th7SEEFIG2 TAILINGS

SECONDARY TAILINGS 

SECONDARY
FROTH 

The dimensions	 of	 the equipment	 used were as	 fol-
lows: 

-	 Inside diameter of line	 9 = 25	 millimeters 

- Inside diameter of line	 10 =	 9.4 millimeters 

-	 Inside	 diameter of mixing tube 12 = 10 mIl-
limeters 

- Diameter of outlet of	 nozzle	 12a	 =	 3	 mil-
limeters 

- Orifice diameter 6 millimeters 

-	 Inside diameter of tube	 15 =	 9.4 millimeters 

- Inside diameter of nozzle	 17 = 2 millimeters 

-	 Diameter	 of	 outlet 17a	 of	 nozzle	 17	 =	 1.5 
millimeters
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FIGURE 2 

MICROBUBBLE GENERATOR

TABLE 1

RESULTS OF M1BUBBLE INJECTION 

96011 in 96 Primary 
% 011 in	 Primary	 Froth 

Process Utilized	 Middlings	 Tailings	 Recovery 

No Air Injection 
(Standard Hot Water 
Process)	 3.2	 0.5	 81 

Air Injection Alone 
Into the Aqueous 
Slurry Conduit	 2.0	 0.5	 86 

Steam/Air Mixture 
Injection Into the 
Aqueous Slurry 
Conduit	 0.7	 0.4	 93 

Typically, the steam and air to oil sands ratios were 
2.7 grams of 550 kPa steam and 0.1 liters of air at 
standard temperature pressure (STP) per kilogram of 
oil sand. 

The air bubbles obtained with the equipment and 
materials	 described were	 generally less	 than 
100 microns In diameter. 	 This was determined by 
photographic method. 

The example In Table 1 provides a comparison be-
tween the standard hot water process and the 
steam/air microbubble Injection process of the Inven-
tion, carried out on an oil sand containing 
10.6 percent oil and 30 percent fines.

CHEVRON PATENTS COMBINED TAR SAND/COAL 
UPGRADING PROCESS 

United States Patent 4,764,270, issued to C. R. Hsieh 
and W. I. Donaldson, and assigned to Chevron 
Research Company, describes an improved process for 
the simultaneous extraction/upgrading of tar sand 
bitumen and coal liquefaction. 

Summary of the Invention 

The invention Is a method for producing a liquid 
refinery feedstock, by simultaneously reacting tar 
sands bitumen and solid coal particles by: 

- Admixing a bitumen-containing and solids- 
depleted liquid with comminuted coal par-
ticles; 

3-19	 SYNTHETIC FUELS REPORT, JUNE 1989



Subjecting	 the	 resulting	 mixture	 to
hydrocracicing conditions In the presence of 
hydrogen and without the addition	 of
catalyst; 

- Separating the upgraded bitumen-coal liquid 
from the solids as a liquid refinery 
feedstock. 

The resultant product Is a synthetic crude oil with 
improved viscosity, reduced organo-metallic and metal 
components, and improved H/C ratios. 

As shown in Figure 1, solid comminuted coal par-
ticles are mixed with a tar sand bitumen liquid boil-
ing above 400°F and a recycle liquid to form a 
pumpnble slurry in the mixing zone. A portion of 
the mineral matter normally found in tar sands may 
also be present in the bitumen; it usually poses no 
problem in the process, and dependent upon the 
composition, may even be helpful to the process. 
Likewise, some of the solvents normally used to ex-
tract tar sands bitumen prior to upgrading of the 
bitumen may also be present and do not present a 
problem in the process. Preferably, but not neces-
sarily, a portion of the feed to the system may in-
elude a portion of tar sands which have not been 
previously treated or had the bitumen extracted 
therefrom. Such oil sand may be introduced with 
the coal feed and slurried with the liquid bitumen 
feed and recycled liquid. 

FIGURE 1 

CHEVRON TAR SAND / COAL
COPROCESSING SCHEME 

DISTILLATION COLUMN 

TAR	 RECYCLE GAS	 LIGHT 
SANDS	 PRODUCTS

BITUMEN 

TAR	 UOU1D-VAPOR 
SANDS	 H1	 SEPARATOR 

MIXING ZONE 

OMMINU D 
COAl.

DISSOLVER SOLD-LIQUID 
SEPARATOR 

111111

	

RECYCLE LIQUID	 PRODUCTS 

INSOLUBLE 
RESIDUAL 
SOLIDS 

The slurry from the mixing zone passes to a pres-
surized dissolver vessel where the mixture Is heated.

At least 50 weight percent of the coal is then dis-
solved in the bitumen in the presence of added 
hydrogen. Such reaction at elevated pressures and 
temperatures produces a relatively low-viscosity liq-
Ilid product which may be readily separated from 
any remaining coal residue in distillation columns as 
shown. 

In greater detail, comminuted coal particles having a 
diameter of approximately 0.000 inches or less is 
mixed with separated tar-sand bitumen in the mixing 
zone. Bituminous and subbituininous coal are 
preferred. 

The liquid teed will typically comprise separated tar 
sand bitumen. Preferably, such tar sand bitumen is 
the solute in a liquid solvent comprising recycled 
liquid from the present process, i.e., a portion of 
the liquid mixture of hydrocracked tar sands bitumen 
and liquefied coal. Such liquid bitumen feed may be 
obtained from numerous materials, but the present 
Invention is particularly directed to the use of a 
400°F or higher-boiling separated tar sand bitumen 
fraction. Because such bitumens also usually contain 
high percentages of sulfur, nitrogen and metals, they 
present significantly different and greater problems 
in refining processes than do most commercial 
petroleum crudes. The process of the present inven-
tion, however, tolerates such higher metals, sulfur 
and nitrogen content in the hydrocracktng zone, 
without prior demetallation or pretreatment precau-
tions. Although the reason for tolerance of such 
high percentages of non-hydrocarbon components is 
not fully understood, Chevron believes that a sub-
stantial portion of the metals of the crude tar sands 
bitumen bind to or deposit upon the coal residue, 
remaining suspended in the liquid after the hydrocar-
bon components of the coal have been dissolved. 

The pulverized or comminuted coal particles are 
mixed with the bitumen, and, if desired, recycled li-
quid, at a coal-to-liquid weight ratio from about 
1:2 to about 1:50. 

A liquid-to-solid ratio of about two to one is par-
ticularly preferred because the liquid bitumen feed is 
a considerably higher percent of the feedstock than 
that used in any processes of the prior art for dis-
solving coal. Such greater coal content of the 
reaction mixture contributes to a higher through-put 
for both coal and tar sand bitumen in the process, 
resulting in substantially increased efficiency and 
economy. 

From the mixing zone, the slurry is fed or pumped 
to the dissolver, wherein the slurry is heated in the 
presence of added hydrogen, for example, to a tem-
perature in the range of 800°F to 9000F, for a 
length of time sufficient to substantially dissolve and 
liquefy the coal in the mixture. At least 50 weight 
percent, and preferably greater than 90 weight per-
cent of the coal, on a moisture- and ash-free basis, 
is dissolved, thereby forming a fluid mixture of 
bitumen, dissolved coal and insoluble solids (primarily 
coal residue). It is usually desirable that the react-
ing coal slurry not be heated to temperatures above 
900°F to prevent excessive thermal cracking, which 
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may substantially reduce the overall yield of nor-
mally liquid products. 

Hydrogen Introduced Into the dissolver normally com-
prises fresh hydrogen. It may also include 
hydrogen-rich recycle gas from the light ends distil-
lation. Other reaction conditions in the dissolver 
include a space velocity of 0.5 to two SIISV and a 
pressure in the range of about 2,100 to 2,500 psig. 

The dissolver contains no separate hydrocracking 
catalyst from any external source, but mineral mat-
ter contained in the coal itself may act as such a 
catalyst. It is known that both hydrogenation and 
cracking occur simultaneously and that the higher-
molecular-weight hydrocarbon compounds are con -
verted to lower-molecular weight compounds. At the 
same time the sulfur compounds are converted to 
hydrogen sulfide, nitrogen compounds are converted 
to ammonia, and oxygen compounds are converted to 
water. 

Enmple Results 

A slurry consisting of 25 weight percent River King 
Coal and 75 weight percent Athabasca Tar Sands

Bitumen was passed sequentially through a first stage 
mixing zone and a second stage dissolver zone in 
the presence of added hydrogen without added 
catalyst. The coal was ground to a particle size of 
less than 100 mesh and had the analysis on a 
weight percent dry basis shown In Table 1. The 
crude tar sands bitumen liquid comprised a 4000F 
fraction having the characteristics as shown in 
Table 1. This bitumen had been extracted from the 
raw sands using a hot water extraction process. 
Hydrogen was introduced Into the dissolver at a rate 
of 10,000 standard cubic feet per barrel of slurry. 
The slurry had an hourly space velocity of ap-
proximately one In the dissolver which was main-
tained at a pressure of 2,400 psig and a tempera-
ture of 825 0 F.	 The effluent mixture of gases, li-



quids and solids was passed to a gas-liquid 
separator.	 The liquid product had the properties
shown in Table 1. 

As can be seen from Table 1, the corefined liquid 
product has properties which are desirable for a 
petroleum feedstock for further refining to useful 
products, Including transportation fuels, such as 
gasoline, kerosene and diesel fuel, or heating fuels 
for domestic and Industrial boilers. 

TABLE 1

BI1W4 ME COAL FRED ME COREFINED Prr INSPECTIONS 

River King Athabasca Corefined 
Coal Bit unen Product 

API Gravity at 60°F - 10.2 20.2 
C, Wt % 57.11 84.51 86.24 
H, Wt % 3.96 10.47 11.05 
0, Wt % 14.90 0.45 0.57 
5, Wt % 4.38 4.16 1.72 
N, Wt % 1.21 0.41 0.42 
u/C 0.83 1.49 1.54 
Viscosity at 100 0C,cSt - 46.8 2.2 
Ni, ppn - 75 5 
V, ppn 1,355 167 8 
Fe, ppn 3,768 204 <3 
Coal Conversion, Wt % 82.8 - - 
1,000 +11,000-Yield, Wt % - 85.8 -

HoRIzoNTAl. WELLS PROVE PROMISING IN HEAVY OIL 
PROJECTS 

CS Resources Limited drilled 10 horizontal wells in 
heavy oil reservoirs in 1988, with a total horizontal 
distance of over 5,000 meters. The drilling of these 
wells, located at two different project sites in 
Canada, was described by P. Coffin of CS Resources 
at the Sixth Annual Heavy Oil and Oil Sand Techni-
cal Symposium held at the University of Calgary.

As explained by Coffin, the major benefits of 
horizontal wells are based on increased productivity 
and improved sweep efficiency. Three typical ap-
plications are highlighted on Figure 1. They are: 

- Thin reservoirs, where horizontal wells take 
advantage of a much greater length of well 
bore open to the formation. 
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- Reservoirs subject to water and/or gas coning 
problems, where horizontal wells benefit from 
a reduced drawdown effect. 

- Vertically fractured reservoirs, where 
horizontal welLs can intersect more producing 
fractures than vertical wells. 

FIGURE 1 

THREE APPLICATIONS
OF HORIZONTAL WELLS 

A 

THIN RESERVOIRS 	 4 RESERVOIRS WITH 
GAS	

CONING PROBLEMS 
.,,.. 

wa:cc4 
VERTICAL FRACTURING RESERVOIRS

marine	 sand	 In	 the Wabislcuw formation (Lower 
Cretaceous).	 The structure has a gentle	 dip,	 which 
Is	 favorable	 for	 horizontal drilling. The oil	 is 
heavy,	 14	 degrees API,	 with viscosity in	 the 
600-1,000	 mPa.s	 range (at	 20°C). The sand has	 an 
average	 porosity	 of 29	 percent and	 an average 
horizontal permeability of three Darcies.

FIGURE 2 

PELICAN LAKE AND
WINTER PROJECTS LOCATION MAP 

Heavy oil sand reservoirs often satisfy the first two 
criteria--thin reservoirs and water coning--and thus 
can benefit from horizontal technology. Another 
new area of interest, especially for oil sands, is the 
combination of horizontal wells and thermal recovery. 

From a geometrical point of view, horizontal wells 
have the same advantages as highly deviated wells, 
i.e. they are able to produce fluids from an area 
horizontally very distant from the wellhead. There-
fore, they can be used in situations where hostile or 
environmental requirements necessitate the surface 
drilling location to be offset from the producing 
area. Horizontal wells also enable a larger area to 
be accessed from a single drilling location. 

In 1988, CS Resources Limited and its joint venture 
partner, Lasmo Canada Inc., undertook two horizontal 
projects in heavy oil reservoirs (see Figure 2): 

- The Pelican Lake field in Alberta 

- The Winter field in Saskatchewan 

Eight horizontal wells were drilled, completed and 
Put on stream under primary production at Pelican 
from January to August 1988 while at Winter two 
'veils were completed in September/October 1988. 

Pelican Lake Horizontal WeU Project 

The reservoir is a five meter thick unconsolidated 
sand at 410 meters true vertical depth. 	 It Is a

More difficult was the geological control. Although 
the depth of the reservoir was precisely known in 
each vertical well, and minimal structural Influences 
were present, some differences were found in several 
wells between the prognoses and the actual vertical 
depth of the reservoir. This resulted in extra. 
length being drilled before the intermediate casing 
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Muskeg surface conditions result in difficult access, 
and the cost of roads and surface drilling locations 
Is an important factor. 

The trajectory of the horizontal wells was designed 
to provide a sufficient offset from the vertical well 
(see Figure 3). Each horizontal well starts draining 
the reservoir at 290 meters from the vertical well 
and 240 meters away from the adjacent horizontal 
well. In this manner, overlapping of the respective 
drainage area was minimized, as well as production 
Interference between wells. 

The wells were completed with slotted liners. Three 
different slot configurations were employed in order 
to compare the impact on sand control. 

Operations were commenced in January, 1988. Four 
wells were drilled from the first drilling location 
before spring break-up. The second set of four 
wells was drilled from the second drilling location In 
May and June 1988. The first well required 
12.5 days to drill and complete; 10.5 days for the 
second; and, an average of 8.3 days for the remain-
ing six wells. 



could be run. Also, the top of the reservoir was 
found to be undulating, thus resulting In less than 
optimum trajectory. An estimated 13 percent of the 
total horizontal distance was drilled in the cap rock. 

FIGURE 3 

PELICAN LAKE
HORIZONTAL WELLS TRAJECTORY 

HORIZONTAL DISPLACEMENT (M) 

The drilling and completion cost of the last six 
wells, on a per meter basis, was similar to vertical 
well costs. 

The wells were equipped with a Moineau type pump 
set at about 70 degrees of inclination and produced 
on primary. Early production rates averaged 15 to 
20 cubic meters per day, three to six times average 
vertical well figures. Four wells rapidly produced 
with an unexpected high water cut, although no bot-
tom water had been known to exist In this par-
ticular area. 

Sand production has not been a major problem and 
the production sand content Is lower than in sur-
rounding vertical wells. 

Winter Horizontal Well Project 

The productive interval in the Winter pool is the 
Cummings B reservoir. The Cummings B occurs at a 
depth of about 650 meters and attains a total 
thickness of 30 meters, half of which is impregnated 
by oil. The sand has an average porosity of 
30 percent and an average horizontal permeability of 
six Darcies. The oil is heavy, 14 0 API, and viscous, 
7,500 mPa.s at 20 0C, 3,000 mPa.s under downhole 
conditions.

The trajectory of the horizontal wells had the same 
design as the Pelican wells with a deeper kick-off 
point (350 meters). The drilling and completion 
programs were also similar. 

The operations commenced on September 4, 1988 
with drilling of three observation wells. Only minor 
differences appeared between the prognosed stratig-
raphy along the planned horizontal trajectories and 
the actual one. 

The	 first	 horizontal	 well	 was	 spudded	 on 
September 10, 1988.	 One major problem occurred 
while drilling: sufficient inclination of the well to 
follow the planned trajectory was not achieved. The 
well was plugged and side-tracked and the second 
attempt to land the well at the planned true verti-
cal depth was successful. 	 A total of 568 meters
was then drilled horizontally. It required 18.5 days 
to drill this well. The second well was drilled 
without major problems in nine days and 537 meters 
were drilled horizontally. 

The geological control, again, appeared to be a 
major problem in this project. Less than one half 
of the horizontal length of both wells is located in 
the best part of the pay zone. 

The wells were equipped with downhole reciprocal 
pumps set at about 20 degrees, and produced on 
primary. The ratio of production for horizontal well 
versus vertical well was similar to those achieved 
during the first project, i.e. three to six times. 

Conclusion 

Based on Its experience at the Pelican and Winter 
sites, CS Resources concludes: 

- Long horizontal wells can be successfully 
drilled and completed in shallow, uncon-
solidated oil sand reservoirs for a cost that 
can be qualified as being "vertically 
competitive." 

- Although horizontal drilling Is no longer In 
the research stage, It Is not a routine type 
operation. 

- In thin or complex reservoirs, the geological 
control and the steering of the horizontal 
drainlioles In the reservoir become critical 
factors. 

- Production results are very encouraging, but 
much remains to be learned or improved, in-
cluding rate of decline of production, actual 
drainage areas and sand and water Influx. 
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INTERNATIONAL 

ASPHALTS AND BITUMENS SAID PLENTIFUL IN TURKEY 

According to a report in the UNITAR/LJNDP Heavy 
there are numerous occurrences of natural as-

phalt and bitumen in southeastern Turkey. The best 
known are in the Slirt Province. In the vicinity of 
Mardin, Midynt and Kerburan, bituminous and asphal-
tic substances are found In rock fissures where they 
form veins of varying lengths and thicknesses. Else-
where In the Slirt area, they are associated with 
mineral matter in which they are finely dispersed, 
often In a colloidal form. 

Numerous assays have been conducted on representa-
tive samples; the elementary compositions of all 
known occurrences have been tabulated by several 
authors.	 Within the large family of asphaltic and 
bituminous substance, the samples collected in 
southeastern Turkey are classified as asphaltltes and 
asphaltic pyrobitumens. 

In	 addition	 to various seepages,	 surface shows and 
outcrops which exist	 in the	 general area, bituminous 
matter is	 also found to be present at depth in most 
of the wells drilled in the	 Siirt	 Province. Similarly, 
heavy	 and extra heavy crudes have	 been discovered 
in Bati-Raman, Kahle and in several other oilfields.

One of the most conspicuous occurrences of 
bituminous material is the 10-meter thick 
pyrobituminous carbonate bed (limestone, dolomite and 
calcareous shale) with the Mesozoic Cudi Group, 
which can be traced for over 70 kilometers in the 
vicinity of Diyarbakir. 

In outcrops, asphaltite and asphaltic pyrobitumens 
vary in color from dark gray to dark brown and 
pitch black.	 Asphaltite in the Clzre-Mardin-Silopi 
area is black. Reserves of asphaltite In that area 
have been set at 52,225,000 tons, of which about 
17,535,000 tons are proven; 18,390,000 are probable, 
and 16,300,000 possible. 

In southeastern Turkey, asphaltlte is mined by means 
of underground pits and burned as fuel in domestic 
households. Pits are usually shallow, ranging from 
five to 15 meters depth, while asphalt seams vary 
from 1.0 to 1.5-meters in thickness. 	 Cumulative
thickness, however, may reach 60 meters. 

Asphaltite production figures Indicate a total of 
558,000 metric tons in 1980, an increase from 
456,000 tons in 1975 and 36,000 tons in 1970. The 
main production centers were in the vicinity of Oltlu 
(where production had reached 100,000 tons per 
year), Askale, Balkaya, Cllhoroz, Dubumaden, Kukurtlu 
and Sutkans.

Asphaltite could possibly be used for other purposes 
such as feedstock for power plants and/or chemical 
plants. 

Asphaltic pyrobitumens are still in an early explora-
tion stage. Geological reserves are estimated at 
five billion tons, with over 280 million proven, in 
southeastern Turkey alone. 

NIGERIA TO STUDY TAR SANDS 

A task force will be set up by the Nigerian govern-
ment to prepare a three-year plan for the develop-
ment of tar sand deposits in Ondo State in western 
Nigeria. The task force will be assigned to find 
foreign investors to put up $200 million to start ex-
ploration, to evaluate technology for development 
and production, to identify markets, and to study 
ways to compete with established producers. 	 The
task force will report directly to the president of 
Nigeria. Earlier, the government had directed the 
Ministry of Petroleum Resources to develop a com-
prehensive plan to develop the country's untapped oil 
resources. Only about 60,000 square kilometers out 
of 300,000 square kilometers of basin areas have 
been explored, according to official data. There are 
thought to be hydrocarbons In offshore areas in 
water deeper than 100 meters, along with tar sands 
in the western region area, that can be developed. 

There are more than 43 billion barrels of bitumen 
deposits in the country, according to a geological 
survey commissioned by the government. The survey 
was an attempt to determine the presence of heavy 
oil deposits In an onshore basin stretching from near 
Ghana in the west through Togo, Benin and Nigeria's 
Ogun, Ondo and Bendel states. 

WORLD LIST OF HEAVY CRUDE AND TAR SAND 
OCCURRENCES PUBLISHED 

The United Nations Institute for Training and 
Research (UNITAR) and the United Nations Develop-
ment Programme (UNDP) have compiled a list of 
reported worldwide occurrences of heavy oil and tar 
sands. This list was published in the Heavy Oiler in 
April 1989, and is reproduced here as Table 1. Al-
though no quantities are given, the table serves to 
illustrate the widespread existence of these 
resources. 
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TABLE 1 

WORLD LIST OF HEAVY CRUDE AND TAR SAN) O(flJBWLtS 

____ Jeavy Oil Bitunen 
Knavn Seepage/ Kama

- 
Seepage! 

Production Deposits Shows Production Deposits Shows 

AFRICA 

Algeria X X 
Angola X X X X 
Burundi X 
Camroon X X X 
Cape Verde X 
Chad X 
Congo X X X 
Egypt X X X 
Gabon X IC IC 

Ghana X x 
Ivory Coast IC 

Madagascar IC X IC 

Morocco X IC IC 

Mozambique IC 

Nigeria IC IC IC 

Senegal IC 

Seychelles x 
South Africa X IC 

Uganda x 
Zaire IC IC IC 

Zintabve IC 

ICUlU AMERICA 
Barbados IC IC IC 

Canada IC IC IC IC IC IC 

Cuba X IC X IC 

Dominican 
Republic IC 

El Salvador x 
Greenland x 
Guatennia IC X 
Haiti x 
Mexico X IC IC 

Nicaragua x 
Panann x 
Trinidad 

&Tobago IC IC IC IC IC IC 
United States IC IC IC IC IC IC 

SWIB AMERICA 
Argentina IC IC IC IC IC IC 

Brazil IC IC IC 
Chile X IC IC IC IC 
Colontia IC IC X IC IC 
Ecuador IC IC IC IC 
Guyana IC 

Peru IC IC X IC 

Suriname IC IC IC 

Venezuela IC IC IC IC IC IC 

ASIA - 

Afghanistan IC 
Bahrain IC K 
Bangladesh IC 

Brunel IC IC 

Burnn IC IC 

China IC IC IC IC 
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TABLE 1	 (Continued) 

W)BLD L  ST OF HEAVY CRUDE AND TAR 5MW O&VRRnS 

_____ Heavy Oil Bitumen 
Known Seepage! Known Seepa ge/ 

Production Deposits Shows	 Production Deposits Shows 

India X X X 
Indonesia X X X 
Iran X X X X 
Iraq X X X X 
Israel X X X 
Japan X X x 
Jordan X X X 
Kuwait X X X X 
Kuwaiti-Saudi 
Div. Zone X X X 

Laos x 
Malaysia X X 
Omen X X X 
Pakistan X X X 
Philippines IC 
Qatar IC IC X 
Saudi Arabia IC IC IC 

Syria IC IC IC	 IC 

Taiwan IC 

Thailand IC IC IC 

Turkey IC IC IC	 IC 

United Arab 
Emirates IC IC 

EUROPE
Albania IC IC IC IC 

Austria IC IC IC 

Bulgaria X IC 

Czechoslovakia IC IC IC 

France IC IC IC 

Germany (FRG) IC IC IC IC 

Greece IC IC IC 

Hungary X IC IC IC 

Italy X IC IC IC IC 

Netherlands IC IC IC 

Norway IC IC IC 

Poland IC 

Portugal X IC 

Romania IC IC IC IC IC	 IC 

Spain IC IC IC IC 

Sweden IC IC 

Switzerland IC IC	 IC 

United Kingdorn IC IC IC IC 

USSR X IC IC IC IC	 IC 

Yugoslavia X IC IC IC 

OCEANIA 
Australia X IC 

New Zealand IC
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ENVIRONMENT 

CLEAN-BURNING COAL-FIRED BOILER TO BE INSTALLED 
AT COLD LAKE 

Esso Resources Canada Limited will test a coal- 
burning technology being developed by TransAlta 
Utilities. A 50 million UT!) per hour steam genera-
tor will be installed at Essos Cold Lake heavy oil 
production project. 	 The boiler will generate steam 
for injection by burning coal. A special low-
NO N/SO (LNS) coal burner will be used. The tech-
nology was developed by Rockwell International, and 
bought by Tran.sAlta in 1986. 

The process has been tested In Rockwell's pilot plant 
in California. The Cold Lake design will be a 
scaleup by a factor of two. 

The	 capital cost of	 the demonstration	 plant Is	 es-
timated at C$8.5 million. Esso and TransAlta will be 
partners	 in the project but	 hope	 additional funding 
will	 come from the	 Canadian federal	 and Alberta 
provincial governments. TransAlta	 expects other 
private sector investment in	 the project	 before	 it	 Is 
completed at the end of this	 year.

Once this project Is under way TransAlta will start 
another test pilot at Southern Illinois Power Co-
Operative's plant near Marion, Illinois. TransAlta 
plans to demonstrate the LNS burner on a 
33 megawatt coal-fired boiler at the Co-Op plant. 

This project Is one that has been selected for fund-
ing by the United States Department of Energy's 
Clean Coal Technology Program. The Department of 
Energy will give up to 50 percent of the funding, 
Illinois will provide 20 percent and the remaining 
30 percent will be split between other utilities, the 
Electric Power Research Institute and TransAlta. 

The $13.6 million Marion project Is scheduled to 
come on line in 1990.

Conventional steam generators in steam injection 
projects burn either lease crude or natural gas, and 
some can burn both. Natural gas is now the 
preferred generator fuel because it Is the more 
economic alternative, but the current glut of natural 
gas may be about to disappear. As a result, Al-
berta operators have been looking for alternative 
technologies for steam generators. 

The fact that the process burns its fuel cleanly 
makes It more attractive as environmental concerns 
mount over pollution from conventional units. The 
system has shown it can economically control emis-
sions of both nitrous oxides and sulfur dioxide from 
coal combustion and be used in high-efficiency 
power generation. 

The LNS burns pulverized coal and cleans 90 percent 
of SO, emissions and controls NO x to 100 parts per 
million within the boiler. The technique captures 
SO X and NO x at a fraction of the cost of scrubbers 
or catalytic reduction technologies, 	 according to
TransAlta. 

Described briefly, the process Involves coal pul-
verized with limestone to create a 2:1 calcium to 
sulfur ratio. The coal and limestone are mixed with 
carrier air and blown into the burner. The sulfur is 
captured In the burner in a calcium-based compound 
and the gas stream then enters the boiler cleanly at 
2,800 0 F. Sulfur is captured in the fly ash. The fly 
ash exits the burner above its melting temperature 
and can be removed as slag. The process can take 
out as much as 80 percent of fly ash as slag before 
It enters the boiler. 
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RESOURCE 

USGS SUMMARIZES BITUMEN-BEARING DEPOSITS OF 
THE UNITED STATES 

A new United States Geological Survey (USGS) bul-
letin, Number 1784, summarizes by state, the loca-
tions, resources and petrophysical data of known 
bitumen-bearing deposits. 

Tar,	 or	 bitumen	 Is	 defined	 as	 any	 hydrocarbon 
deposit	 with	 a	 gas-free	 viscosity greater	 than 
10,000	 centlpoise	 (cp)	 measured	 at	 original	 reservoir 
conditions,	 and	 density	 greater	 than 1,000	 kilograms 
per	 cubic	 meter	 (jQO	 API	 gravity) at 15.6 0 C	 at	 at-
mospheric pressure.	 Viscosity	 data for many	 of	 the 
deposits	 generally	 are	 not	 available, so	 bitumen	 as 
used	 in	 the	 report	 Is	 defined	 by	 the API	 gravity 
cutoff	 of	 less	 than	 10°.	 The	 report	 notes	 that 
bitumen-bearing	 rocks	 are	 known	 by several	 other 
names,	 such	 as	 natural	 asphalt,	 tarry oIl,	 bituminous 
rock,	 tar	 sands,	 oil	 sands,	 and	 rock asphalt.	 All 
appear	 to	 be	 used Interchangeably. Host	 lithologies 
Of	 the	 various	 bitumen-bearing rocks	 include 
sandstone,	 limestone,	 dolomite, conglomerate, 
siltstone,	 and	 unconsolidated	 sands. Most	 of	 the 
bitumen-bearing rocks are	 located on the	 margins	 of 
sedimentary	 basins,	 and have	 outcrop or surface ex-
posures, although they do extend into the subsurface.

Bitumen-bearing rocks have been recognized in the 
United States since the late 1800s. Bail Associates 
in 1965 listed over 500 occurrences, most of them 
small, isolated outcrops. Lewin and Associates In 
1984 reassessed the bitumen resource, estimating the 
total at 54 billion barrels, with 25 major (greater 
than 100 million barrels) and 19 minor (10 to 
100 million barrels) occurrences. Lewis categorized 
slightly less than half of this amount (22 billion 
barrels) as reserves and considered the remainder to 
be speculative resource. Deposits occur primarily In 
Alabama, California, Kentucky, Texas, and Utah. 
Utah contains the largest deposits in terms of 
resource, size, and number, with an estimated 
28 billion barrels of bitumen on more than 
700,000 acres of land. Accumulations In the tn-
state area of Missouri, Kansas, and Oklahoma are es-
timated to contain approximately three billion barrels 
of petroleum; however, they are not listed In this 
report as most of these accumulations appear to 
consist of heavy oil (crude oils with densities from 
934 to 1 0 000 kilograms per cubic meter and API 
gravities of 20 0 to 10 0). Similarly, the giant 
Kuparuk deposit on the Alaska North Slope is now 
known to consist mainly of heavy oil, not bitumen, 
with a resource estimated as high as 40 billion bar-
rels. Lewin and Associates considered 10 billion 
barrels of the Kuparuk deposit to be bitumen; conse-
quently, the USGS says their total bitumen resource 
estimate of 54 billion barrels should be adjusted 
downward to 44 billion barrels. 

Bitumen-bearing rocks were quarried extensively for 
road-paving material in the United States from the 
late 1800s through the 1940s, until it became un-

economic to continue mining operations. Bitumen-
bearing rocks have been recognized for many years 
as potential energy sources; however, the USGS says 
Interest has remained marginal due to (1) unfavorable 
economic conditions for extracting the bitumen from 
the rock, (2) limited knowledge of the character of 
bitumen-bearing deposits, and (3) large, readily avail-
able reserves of conventional petroleum. Recent in-
terest has centered on developing methods of In situ 
recovery of the bitumen. 

The bitumen deposits of the United States are sum-
marized in 17 tables listed by State which generally 
coincide with field outlines of major deposits 
described by Lewin and Associates (1984) and minor 
deposits characterized by Ball Associates (1965). 
Descriptions in the tables include the following in-
formation:	 (1) map number located on the included 
plates; (2) name of the deposit and Its location; 
(3) geologic formation containing the bitumen, age of 
the formation, and lithology of the host rock; 
(4) depth to pay, and pay thickness; (5) number of 
acres the deposit covers, either measured (by well 
control and core analysis) or speculative (by tar 
shows and geologic interpretations); (6) API gravity 
and viscosity of the bitumen; (7) porosity and per-
meability of the host rock; (8) water saturation (in 
percent) and bitumen saturation (either percent or 
weight percent) of the host rock; (9) sulfur content 
of the bitumen (bitumens generally contain three 
weight percent or more of sulfur); and (10) amount 
of bitumen resource in place, both measured and 
speculative. The Included large plates illustrate the 
outlines of sedimentary basins in the conterminous 
United States and Alaska. 

ALBERTA COULD MAKE MORE OIL SANDS LEASES 
AVAILABLE 

The Alberta Energy Resources Conservation Board 
says recent drilling within the shaded area shown in 
Figure 1 has indicated the presence of potential oil 
sands resources beyond existing oil sands area (OSA) 
boundaries. Consequently, the Board intends to ex-
pand the current Athabasca OSA to Include the area 
within Townships 88 to 103 in Ranges 4, 5, and 6 
W5M, Townships 88 to 92 in Range 7 WSM, and 
Townships 83 to 88 in Range 4 W5M, as shown in 
the figure. The Athabasca OSA includes all strata 
between the top of the Viking Formation and the 
base of the Woodbend Group as declared by Order 
No. OSA 1. 

If this proposal becomes a reality the Department of 
Energy Is prepared to consider, upon request, 
preferential issuance of oil sands permits to those 
operators currently holding petroleum and natural gas 
leases that include these rights within the shaded 
area. 
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FIGURE 1 

ALBERTA'S OIL SANDS AREAS 

Area to be added to OSA 1 ______
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SOCIOECONOMIC 

RI-PROVINCIAL PROJECT HOLDS LOCAL OPPORTUNITY 
SESSIONS 

Uusky Oil Operations Limited, construction manager 
and operator of the li-Provincial Upgrader sponsored 
Public Opportunity Sessions in Lloydmlnster, Sas-
katoon, Regina, Edmonton and Calgary In April and 
May to provide information on the business oppor-
tunities arising from the Upgrader. 

The Public Opportunity Sessions were open houses 
with display booths and fact sheets to provide 
details on engineering, procurement, construction and 
operations requirements and socioeconomic and en-
vironmental impacts. 

Key federal and provincial agencies also hosted dis-
play booths: Government of Canada, Department of 
Industry, Science and Technology and Department of 
Western Economic Diversification; Alberta Economic 
Development Authority; and Buy-Saskatchewan. 

The Public Opportunity Sessions are consistent with 
policies established to maximize local, provincial and

Canadian content in, and benefits from, the business 
opportunities generated by the Upgrader, bearing in 
mind the need for firms to be competitive and for 
the Project to remain on schedule. 

The	 BI-Provincial	 Upgrader	 is	 a	 $1.3 billion	 project 
located	 In	 the Regional Municipality of	 Wilton,	 Sas-
katchewan,	 just east	 of the	 border city	 of	 Lloyd-
minster.	 The tJpgrader is	 scheduled for	 completion 
In	 1992	 and will	 be	 capable of	 producing 
46,000	 barrels per	 day of	 high	 quality synthetic 
crude oil from heavy oil and bitumen feedstock.

The Upgrnder is expected to create about 
5,800 person years of employment during its four-
year construction phase. The peak on-site construc-
tion work force, expected toward the end of 1991, 
is estimated to be 2,700. Operations will generate 
approximately 290 full-time positions and an addi-
tional 750 positions every 18 months for plant tur-
naround. 
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RECENT OIL SANDS PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following articles appeared in The AOSTRA Journal of Research, Volume 4, Number 4: 

Isaacs, E., et at., "Use of Foam-Forming Surfactants to Enhance the Recovery of Heavy Oils." 

ICotlyar, L. S., at al., "Properties of Fines Size Fractions in Relation to the Distribution of hiumic-
Inorganic Matter Complexes in Athabasca Oil Sands." 

Nomura, M., et al., "Carbonization Properties of Resin Fractions From Oil Sand Bitumen: 	 Possible
Production of High-Performance Carbon Fiber and heavy Oil." 

Vermeulen, F. E., at al., "Physical Modelling of Electrothermal Processes in OIL Sands." 

The following articles appeared in recent issues of The Journal of Canadian Petroleum Technology: 

Miller, K. A., et al., "Evaluation and Application of Pikes Peak Cyclic Steam Injection Pressure Data." 

Tsang, P. W., at al., "Rationale for Low Injection Rates and Pressure Cycles for Firefloods in Heavy 
Oil Reservoirs." 

Kimber, K. D., et al., "Verification of Scaling Approaches for Steam Injection Experiments." 

Chung, K. H., et al., "In Situ Emulsification by the Condensation of Steam in Contact With Bitumen." 

Kwan, M. Y., et al., "A Laboratory Study of Permeability Damage to Cold Lake Tar Sand Cores." 

Sufi, A. II., "Injectivity Enhancement in Tar Sands - a Physical Model Study.' 

MacKenzie, W. T., at al., "Fracture Stimulation in the ClASP Tar Sands Pilot - Case History." 

Settari, A., at al., 	 "Coupling of Fluid Flow and Soil Behaviour to Model Injection into Uncemented 
Oil Sands." 

Polikar, M., at al., "Relative Permeability Curves for Bitumen and Water in Oil Sand Systems." 

Kok, S., at al., "Total Dissolved Solids Removal From Water Produced During the In Situ Recovery of 
Heavy Oil and Bitumen." 	 - 

Bojes, J. M., et al., "Application of Fluid Analyses to the Operation of an In Situ Combustion Pilot." 

Svrcek, W. Y., et al., "Properties of Peach River Bitumen Saturated With Field Gas Mixtures." 

Margeson, J. L, at al.,	 "Characterization of the Humic-Clay Complex and Its Influence on Bitumen 
Displacement from Athabasca Oil Sand." 

Oballa, V., at al., "An Experimental Study of Diffusion in the Bitumen-Toluene System." 

Des Brisay, C. M., et al., 	 "Pumping Heavy Oils With the Aid of Downhole Oil-in-Water 
Emulsifications." 

The following papers were presented at the Sixth Annual Heavy Oil and Oil Sands Technical Symposium, held 
March 8, 1989, at the University of Calgary: 

Coffin, "Horizontal Well Application In the Pelican Lake and Winter Reservoirs." 

Elgert, et al., "Cold Lake Artificial Lift Optimization." 

Chase, "The Husky Bi-Provinclal Upgrader Design Basis." 

Chakma, et al., "Jet Cracking - A Novel Coke Free Vlsbreaklng Process." 

Court, et al., "The Newgrade Upgrnder."

3-31	 SYNTHETIC FUELS REPORT, JUNE 1989



Dowdie,	 "Oslo Project Update and Upgrader Technology Selection.' 

Dugdale,	 et	 cii.,	 'Thermal Screening Criteria- 	 Should They Exist?" 

Leshchyshyn,	 at	 al.,	 "In Situ OIL Sands Temperature Logging." 

Bitter,	 et	 al.,	 "Identification	 of Interwell Communication in Cyclic Steam	 Projects." 

Coskuner,	 at	 al.,	 "Prevention	 of	 Formation	 Damage	 Through	 Injection	 and	 Production Practices	 in 
Heavy Oil Reservoirs." 

Erno, et	 al.,	 'the Role	 of Combustion Gases in Recovering Oil In In Situ Combustion Process." 

The	 following papers	 were presented	 at	 the Joint	 Meeting of the Rocky Mountain Fuel Society and the Western 
States Catalysis Club, February 23-24, 	 1989 in Denver, Colorado: 

Hanson,	 F.	 V.,	 et	 al.,	 "Catalytic Activity	 of	 the Circle Cliffs Tar Sand 	 Mineral Substrate at	 Pyrolysis 
Conditions." 

Cha,	 S.	 et	 al.,	 'The	 Pyrolysis	 of	 the	 Mined Ore	 from the Whiterocks Tar Sand Deposit in a	 Rotary 
Kiln," 

The	 following papers	 were	 presented at	 the	 Fourteenth	 International Conference	 on Coal and Slurry Technology, 
April	 24-27 9	 1989 in Clearwater, Florida: 

Kemeny,	 P. at	 al.,	 "Orimulsion	 Fuel Firing Retrofit Study for Virginia Power Yorktown No. 3	 Unit." 

Eckhart, C. F.	 at	 al.,	 "Testing Orimulsion in Support 	 of a Field Retrofit." 

Rodriguez,	 U., at al.,	 "Orimulsion Demonstration Tests at New Brunswick, Canada: 	 A New Technologi-
cal Step Towards Bitumen Commercialization."

OIL SANDS - PATENTS 

"Method for Stripping of Residual Solvent," Robert L. Mehtherg - Inventor, Amoco Corporation, United States 
Patent Number 4,802,975, February 7, 1989, A method for stripping adsorbed organic solvent from a solid com-
prising feeding a slurry of the solid containing the adsorbed solvent Into a packed column and countercurrently 
contacting the slurry with stripping gas, removing an overhead stream comprising desorbed solvent and a bottom 
stream comprising a solvent stripped solids slurry. A preferred embodiment uses a vertical packed column, an 
aqueous slurry of the solid, and steam as the stripping gas. The method is particularly suitable for stripping 
extraction solvents from spent tar sands or spent diatomite resulting from bitumen extraction methods. The ver-
tical packed-bed stripping column has two separate zones: (A) a hot stripping zone where the feed enters at the 
top and the hot stripping gas enters at the bottom of the hot stripping zone; (B) and a cold stripping zone 
where the depleted feed from the hot stripping zone enters at the top and a cold stripping gas is introduced at 
the bottom of the cold stripping zone. The tower stripping zone is maintained at a temperature less than the 
upper zone of the same stripping column. 

"Process for Upgrading Tar Sand Bitumen," David B. Bartholic, William J. Reagan - Inventors, Engelhard Corpora-
tion, United States Patent Number 4,804,459, February 14, 1989. A method for upgrading a concentrate of tar 
sands bitumen containing colloidal clay in which solvent-diluted bitumen is contacted for a short time in a riser 
with hot attrition-resistant substantially catalytically inert fluldizable microspheres, causing a selective vaporiza-
tion of the lighter high hydrogen content components of the bitumen. A portion of the heavier asphaitenes and 
most of the components which contain metals, sulfur and nitrogen remain on the attrition-resistant microspheres. 
Colloidal clay in the bitumen feed also deposits on the microspheres instead of being carried over with the 
vaporized hydrocarbon product. The contact material, with deposit, Is passed to a burner provided with high 
velocity air jets which attrites the colloidal clay away from the microspheres and the material removed by attri-
tion is recovered. The heated microspheres are reintroduced into the riser for further contact with incoming 
diluted bitumen charge, 

"Process for Upgrading Tar and Bitumen," David B. Bartholic, William J. Reagan - Inventors, Engelhard Corporation, 
United States Patent Number 4,818,373, April 4, 1989. A method for upgrading a concentrate of tar sands 
bitumen containing tine mineral matter and optionally coarse mineral matter in which solvent-diluted bitumen Is 
contacted for a short time in a riser with hot attrition-resistant substantially catalytically inert acid-resistant 
fiuidizabie particles, causing a selective vaporization of the lighter high hydrogen content components of the 
bitumen. The preferred particles are composed of silica-alumina, most preferably a mixture of mullite and crys-
talline silica or mullite, crystalline silica and an acid-resistant form of alumina. 	 A portion of the heavier as-
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phaltenes and most of the components which contain metals, sulfur and nitrogen remain on the attrition-resistant 
fluidizable particles. Fine mineral matter in the bitumen feed also deposits on the fluidized particles instead of 
being carried over with the vaporized hydrocarbon product. The contact material, with deposit, is contacted 
with a solution of acid to remove the deposit of mineral matter and deposited metals without decomposing the 
particles of contact material. The heated particles of contact material are reintroduced into the riser for fur-
ther contact with incoming diluted bitumen charge. 

"Recovery Of Heavy OH," Alistair S. Taylor - Inventor, British Petroleum Company Limited, United States Patent 
Number 4,822,481, April 18, 1989. Heavy crude oil is recovered from tar sand by treating the tar sand with a 
low concentration emulsion of a solvent In water containing 0.5 to 15 percent by volume of the solvent. 
Suitable solvents include hydrocarbons and halogenated hydrocarbons. Solvent in water emulsions are efficient in 
extracting bitumen with the major advantage of greatly reduced solvent:tar sand ratios. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1989) 

BI-PROVINCIAJ. PROJECT - IJPGRADER FACILITY - Husky Oil Operations Ltd. (F-Ia) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Wilton, near Lloydminster, Sas-
katchewan. The facility will be designed to process 40 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 fol-
lowed by delayed coking of the hydrocracker residual. The output will be 46,0 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 May 1988 a tentative agreement was announced involving $650 million of government aid, but requiring Husky to obtain addi-
tional equity participation. In September, 1999, Husky and the governments of Canada, Alberta and Saskatchewan, signed a bind-
ing joint venture agreement to finance and build the Bi-Provincial Upgrader. Project completion is targeted for late 1992. 

In February, 1989 the Ri-Provincial Upgrader Joint Venture announced the award of $120 million in engineering contracts, with 
work to start immediately and be in full swing by April, 1989. 

Project Cost:	 Upgrader Facility estimated at C$l.267 billion 

BI'TUMOUNT PROJECT - Solv-Ex Corp. (T-20) 

The Solv-Ex Bitumount Project will be a phased development of an open pit mine and an extraction plant using Solv-Ex's process 
for recovery of bitumen and metals. 

Solv-Ex will use a naphtha solvent to boost the power of hot water to separate oil from sand. The increased efficiency of the 
process increases oil yield and also allows metals such as gold, silver and titanium to be extracted from the very clean sand. 

Solv-Ex has proposed a $C22 million dollar feasibility study based on a 10,ODO barrel per day plant that would also produce 30, 
tonnes per year of titanium dioxide pigment. 

The Bitumount lease covers 5,874 acres north of Fort McMurray, Alberta. 

BURNF 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 is the first commercial development of these heavy oil 
resources on the Primrose Range. This required the close cooperation of Canada's military. Several other heavy oil development 
activities are underway on the 2,000 square-mile Primrose Range. 

The pipelines division of ABC is expanding its Cold Lake Heavy Oil Pipeline to boost shipping capacity from AEC's La Corey Oil 
Terminal near Bonnyville to Edmonton. ABC Piplines has obtained regulatory approval for a lateral pipeline from the new Burnt 
Lake project to La Corey. Burnt Lake daily production would increase the pipeline's current daily throughput by some 10 percent. 

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 rnoiect as of early 1989 has attain 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. 

Project Cost: C$80 million through 1990 
C5470 million over 25 years

SYNTHETIC FUELS REPORT, JUNE 1989 
3-34



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL PROJECTS (Continued) 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (140) 

California Tar Sands has developed a downhole hydraulic mining system whereby oil sands occurring at depths from 100 to 600 feet 
will be mined using a hydraulic mining tool. Bitumen will be extracted from the sand using a surface removal process. Operations 
will take place in California, Canada and China. 

Project Cost:	 $547 million 

COLD LAKE PROJECT - Esso Resources Canada Limited (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 (AERCE) granted l3sso 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 1995, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake avenged 60,0 barrels per day. Production in 
early 1988 reached 85,000 barrels per day. A debottlenecking of the first six phases has added 19,000 barrels per day in 1988, at a 
cost of $45 million. 

The AERCB approved Esso's application to add Phases 7 through 10, which will eventually add another 44,000 barrels per day. A 
decision has been made not to complete the facility at this time. Phases 9 and 10 have been postponed indefinitely. 

However, all construction will be completed on the central processing plant for Phases 7 and 8 and partially completed for the field 
facilities. The construction is 70% completed. 

Project Cost:	 Approximately $770 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (1-60) 

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) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (1-70) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (1-80) 

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 (11TH]) 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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes slate March 1989) 

COMMERCIAL PROJECTS (Continued) 

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, OHS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a well in the Uoydminster 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 II 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 alter 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. BOR signed a contract in 1988 
with Shell which will lead to a field test of the Technology in Europe during 1989. 

OHS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another OHS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout 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. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Limited. (T-90) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a I® percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the Project will involve the drilling, construc-
tion, and operation of a 13-welt Thermal Project (one, totally enclosed 54pot pattern), a continuation of field delineation and 
development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 16.19 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Steam injection into the 13-well project was initiated in July, 1987. 

In February, 1987, Amoco Canada received approval from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this expansion, Amoco drilled 34 wells in the north half of section 29 in 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 1,220 cubic meters per day. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing 

Project Cost: 	 Phase 1 - $50 Million (Canadian)
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COMMERCIAL PROJECTS (Continued) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum limited. (1-100) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project would involve development of primary and thermal recovery operations in the Lindbergh and Frog Lake see- 
torn near Elk Point in east-central Alberta. Phase I operations include development of 16 sections of land where129 wells were 
drilled by the end of 1988. 

PanCanadian expects Phase I recovery to average 3,ODO barrels per day of bitumen, with peak production at 4,E barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase III would go into operation in the late 1990's, and production would increase to 12,000 barrels per day. 

Thus far, steam stimulation has been a pplied experimentally in two sections, and the results are bein g evaluated while study 
proceeds on a pilot steam flood process in one of these sections. 

Project Cost:	 Phase I = C$90 Million 

FOREST HILL PROJECT - Greenwich Oil Corporation (1-110) 

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 1,00) barrels per day. 

Project Cost:	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Amoco Canada Petroleum Company Ltd. (1-120) 

Dome Petroleum (now Amoco) received approval from the Alberta Energy Resources Conservation Board for a commercial 
project in Lindbergh. The project will cover live sections and and was planned to be developed at a rate of one section per year 
for live years. It will employ 'huff-and.pufr 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 yeats and will result in peak production 
of 12,ODO 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. 1.0w oil prices have forced a delay in the proposed commercial 
development. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (1.130) 

Murphy Oil Company Ltd., has completed construction and startup of a 3,00 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.
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COMMERCIAL PROJECTS (Continued) 

The project uses the a buff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand 
Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

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 

NEWGRAOE HEAVY OIL UPORADER - NewOrade Energy, Inc., a partnership of Consumers Co-Operative Refineries W. and 
the Saskatchewan Government (T-140) 

Construction and commissioning of the upgrader was completed in October, 1988. The upgrader is slated for full production by 
June, 1989. The official opening has been set for June 24, 1989. 

The complex start-up procedures have gone very well, according to NewGrade. In January, the refinery/upgrader combination was 
running at about 66 percent capacity, putting 35,000 barrels per day of crude through the refinery itself. From that, 20,000 barrels 
per day of heavy mid bottoms are sent to the new Atmospheric Residual Desulfurization unit which performs primary upgrading. 
From there 8,ODO barrels per day is being run through the Distillate Hydrotreater which improves the quality of the distillate fuel 
oil streams by adding hydrogen. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries will provide  percent of the costs as equity, plus the existing refinery, while the provincial government will 
provide 15 percent. The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the 
costs as debt. 

NewGrade selected process technology licensed by Union Oil of California for the upgrader. The integrated facility will be 
capable of producing a full slate of refined products or alternately 50,000 barrels per day of upgraded crude oil or as will be the ini-
tial case, some combination of these two scenarios. 

Project Cat:	 $700 million 

OSLO PROJECT - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. (T-150) 

The OSLO ioint venture is planning a 77,0 barrel per day oil sands mining, extraction and utnradinz plant 60 kilometers north of 
Fort McMurray. Production is scheduled to begin in 1997. 

The OSLO ioint venture consists of Esso Resources (25 percent), Canadian Occidental Petroleum (20 percent), Gulf Canada 
Resources (20 percent), Petit-Canada (15 percent), PanCanadian Petroleum (10 percent) and Alberta Oil Sands Equity (10 
percent). To date some IN 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 
ioint venture to proceed with the development of the integrated oil sands project. The expected date for a binding agreement on 
the project is fall 1989. 

The government will contribute jointly up to $850 million towards up-front costs. Capital costs of over $3 billion will be supplied or 
raised by the project sponsors, including $1.2 billion in loans from private lenders which will be guaranteed by the governments. 
Repayable interest assistance to a maximum of $250 million will be available for pre-production loans. 

The project would use conventional surface mining techniques to strip the overburden and mine the oil sands. At the plant, the 
bitumen would be extracted from the sand by warm water and chemicals and fed into an upgrader. There, it would be converted 
into synthetic crude oil with properties similar to conventional light crude oil—suitable as feedstock for Canadian refineries. 

In 1991, assuming the project meets specified economic criteria, major contracts will be tendered and construction will begin. 
Production is expected to start in j
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COMMERCIAL PROJECTS (Continued) 

Current plans all for developing immediately only one of the six OSLO leases (lease 31). The surface mineable portion of lease 31 
is estimated to contain 3.8 billion barrels of bitumen. At 77,000 barrels of oil a day, there should be enough bitumen in the one 
lease, which coven about 75 square miles, to keep the plant operating for well over 100 years. 

The OSLO plant could eventually be expanded to produce as much as 200,000 barrels of synthetic crude oil per day for 50 wars. 

The OSLO reserves are of higher quality than most of what remains at Syncrude, and OSLO's layer of overburden is thinner, ad-
vantages that will help make OSLO's estimated production costs slightly lower than those of Syncrude. 

Project Cost: $4.1 billion estimated 

PEACE RIVER COMPLEX - Shell Canada limited (F-160) 

Shell Canada limited expanded the original Peace River In Situ Pilot Project to an avenge production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP 1, 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 ini-
tially 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-term 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 km south of PREP I. PREP 
11 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 II 

PRIMROSE LAKE COMMERCIAL PROJECT - Amoco Canada Petroleum Company and Alberta Ener gy Company (17-170) 

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 ZOOO 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 carry a capital cost of at least 
$C1.2 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each 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 650) barrel per day modules will be used to meet the 25,000 barrel per 
day target. 

Due to the recent decline in oil prices, the proposed drilling schedule has been postponed. The project will proceed when oil prices 
return to levels which make the project viable. Amoco indicates this would be above $20 per barrel. 

Project Cat:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost

SYNThETiC FUELS REPORT, JUNE 1989 
3-39



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL PROJECTS (Continued) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (17-180) 

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 Cat:	 $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 Conned 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 estimated remaining reserves of synthetic nude oil are 370 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 lull production in September, 1988. An expansion of capacity to 63,000 barrels per day is under way. Suncor will also in-
crease its upgrading capacity by an additional 10,000 barrels per day to a total of 73,000 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 71,0 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 1988, the Oil Sands Group posted a loss of $1 million compared to earnings of $35 million in 1987. The loss was primarily the 
result of a continued downward shift in 1988 oil prices. Production avenged 49,386 barrels a day in 1988 compared to 43,957 in 
1987. 

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. Therefore spending on the $200 million debottlenecking project was slowed down. 

Suncor has entered into preliminary discussions with the Alberta and federal governments on the feasibility of a further significant 
expansion of the oil sands plant in the early 1990s. 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (1'-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
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COMMERCIAL PROJECTS (Continued) 

SUNNYSIDE TAR SANDS PROJECT - (iNC Tar Sands Corporation (T-210) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by (iNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and found it to be simpler and 
cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today (iNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and Saudi 
Heavy. 

(iNC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7,500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SFC) for tar sands projects 
that utilize mining and surface processing methods, (iNC requested loan and price guarantees of $452,419.. Construction would 
start in the third quarter 1986 with first production in the first quarter 1989. On November 19, 1985 the SFC determined that the 
project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. (iNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg and Engelhard indicating feasibility, after the 
decline in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent 
gasoline and 69 percent diesel. The 7,500 barrels per day plant including upgrading to products, with some used equipment, would 
cost $149 million. 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCO SUNNYS!DE 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. 

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 2 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 reserve of four billion barrels of oil in the tar sands and 230 million tons of coal at the Sunnyside site. Both raw 
materials could be conveyed to the plant by conveyor belt. 

The demonstration size plant would produce 8,000 barrels of refined oil, 330 megawatts of electricity, and various other products 
including marketable amounts of sulfur. 

An application has been filed by Synco with the Utah Division of State Lands for an industrial special use lease containing the en-
tire Section 36 of State land bordering the town of Sunnyside, Utah. 

Project Cost: $350 million
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SYNCRUDE CANADA, LTD. - I3sso Resources Canada limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (7.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada 
Resources Ltd. (9.03 percent); PanCanadian Petroleum Limited (10.0 percent); Amoco Canada Petroleum Company Ltd. (5.0 percent) 
(T-no) 

Located near Fort McMurray, the Syncnide surface mining and extraction plant produces 155,0010 barrels per calendar day. The 
original plant with a capacity of 108,000 barrels was based upon: oil sand mining and ore delivery with four dragline-bucketwheel 
reclaimer-conveyor systems; oil extraction with hot water flotation of the ore followed by dilution centrifuging; and upgrading by 
fluid coking followed by hydrotreating. During 1988, a 6-year $13 billion investment program in plant capacity was completed to 
bring the production capability to over 155,000 barrels per calendar day. Included in this investment program are a 40,000 barrel 
per day L-C Fining hydrocracker, additional hydrotreating and sulfur recovery capacity, and auxiliary mine feed systems as well as 
dcbottlenecldng of the original processes. 

In early 1987 Syncrude filed an application with the Alberta Energy Resources Conservation Board for a $4 billion Phase Three ex-
pansion. A decision to go ahead with the third expansion phase Will be based on oil prices, crude reserves and royalty agreements. 

If Syncrude decides to go with the project, it could be completed in the mid-1990's and boost the plant's output by 50 percent to 
over 230,ODO barrels per day, which would be 15 percent of Canada's total crude production. 

Project Cost: 	 Total cost $3.8 billion 

iT! RUE STAR OIL MINING PROJECT - Three Star Drilling and Producing Corp. (T-240) 

Three Star Drilling and Producing Corporation has sunk a 375 foot deep vertical shaft into the Upper Siggins sandstone of the Sig. 
gins oil field in Illinois. 

Three Star plans to drill horizontal boreholes up to 900 feet long through the reservoir. The drilling pattern is planned to allow the 
borehole to wander up and dawn through the producing interval in a 'snake pattern. Three Star estimates the Upper Siggins still 
contains some 35 million barrels of oil. 

The initial plans call for drilling one to four levels of horizontal boreholes. Them would be up to 25 horizontal holes per level. 

Project Cost:	 Three Star has budgeted $33 million for the first shaft. 

WOLF LAKE PROJECT - B? Canada Resources Ltd. and Petro-Canada (F-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 
mom wells will be drilled. 

Twenty-two wells were drilled in 1981 to determine a site for the plant. Application to the ERCU was approved in September 1982. 
An EPC contract for the Central Plant was awarded to Saturn Process Plant Constructors Ltd., in August 1983. Construction was 
complete in the first quarter 1985, 53 months ahead of schedule. Drilling of wells began October 15, 1983 and the initial 192 wells 
were complete in early July 1984, 75 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. Them are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United States. 

B? and Petro-Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 

By mid-1988 production had dropped 22 percent below 1987 levels. Following a change of strategy in operation of the reservoir, 
however, production had increased back to 3,028 barrels per day in late 1988. 

In 1987, a program designed to expand production by 2,400 cubic meters per day to 3,700 cubic meters per day, total bitumen 
production was initiated. The major contract for the central plant was let to Fluor Corporation in October, 1987. Wolf Lake 2 was 
expected to be completed in mid-1989. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day).
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BP has drilled all 248 phase-two wells, brinain g 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 

R & D PROJECTS 

ATI-IAI3ASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Husky Oil Opera-
tions Ltd., Tenneco Energy 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, only one of two groups of patterns are being operated. The 
group of patterns being operated consists of 3 patterns: 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. 

Project Cost:	 $125 million (estimate) 

BATI'RUM IN Sfli WET COMBUSTION - Mobil Oil Canada, Ltd. Unocal Canada Limited, Saskoil, Husky Oil Ltd., Hudson's Bay 
Oil and Gas (17-280) 

Mobil Oil Canada initiated dry combustion in the Battrum field in the Swift Current producing area of Saskatchewan in 1965 and 
converted to wet combustion in 1978. 

In 1987 Mobil began a $32 million expansion program to increase oil production from three in situ wet combustion units. 

This expansion includes drilling additional wells; convening some of the wells to air/water injection; recompleting existing wells, 
and upgrading surface production and air injection facilities. 

At Battrum Unit I the drilling of 14 new wells and ignition of 8 new burns has been completed. In addition, 14 existing wells have 
been recompleted. Overall completion is expected in mid-1988. At Unit 2, the drilling of 11 new wells and ignition of one new 
burn has been completed. Surface production facilities serving both units are also being upgraded. 

In total, $16 million is being spent on these two projects. Costs will be shared by the companies participating in these projects. At 
Unit 1, participants are: Mobil Oil Canada, Ltd. 49 percent; Unocal Canada Limited 31 percent; and Saskoil 20 percent. At Unit 
2, participating companies are; Saskoil 46 percent; Mobil Oil Canada, Ltd. 27 percent; Unocal Canada Limited, 16 percent; and 
Husky Oil Ltd. 11 percent. 

The Unit 3 expansion involved drilling 21 wells and 3 new burns, with a projected cost of $12 million. The unit enlargement in-
volved adding four eighty acre tracts to the unit. Unit participation is as follows: Mobil Oil Canada Ltd. 35 percent; Unocal 31 
percent; Saskoil 14 percent; and Hudson's Bay Oil & Gas 20 percent. 

The expansions have increased total oil production from the three units by more than 2,300 barrels per day. 

Project Cost:	 $32 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 Clear-
water formation. The project currently consists of 16 welts directionally drilled from two pad locations. 
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The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot from 
1977 to 1979. Bow Valley has a 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 Cast:	 $13 million 

CANMET HYDROCRACIUNG 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 benefi-
cial effect of the additive in achieving high conversions. 

Further testing, in pilot plants, led to the use of a simpler additive which could be prepared in a single stage operation. Since 
March 1987 the demonstration unit has been operating with this simplified additive scheme at pitch conversion greater than 85 
weight percent. Up to February 1988 data has been collected for two different feedstocks (pitches from Western Canada Crude 
blend and Cold Lake heavy oil). Pitch conversion of 86 weight percent has been achieved with the Cold Lake Feed. A long term 
test run at high conversion is currently in progress. 

Two scheduled shutdown and subsequent unit inspections show no corrosion or material problems. The onstream factor was 90% 
for 1987 and is projected to be higher for 1988. 

The high conversion Canmet HC process has been successfully demonstrated and is now available for commercial application. 
Patent protection and process guarantees are provided by the licensors. 

Project Cost:	 Not disclosed 

CARIBOU LAKE PILOT PROJECT - Husky Oil Operations Ltd. and Alberta Energy Co. (17-310) 

Husky Oil Operations Ltd. (60% interest) and Alberta Energy Co. (40% interest) received ERCB 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. 

The Caribou Lake steam stimulation pilot would involve drilling 24 directional cyclic steam wells on six-acre spacing from two pads. 
Preliminary plans call for the directional wells to be drilled at angle building rates of 23 degrees/ 100 feet to a depth of 400 feet and 
then 6.5 degrees/I® feet until the end of the build section. The minimum kick-off depth will be 100 feet with maximum hole 
angles of 45 degrees. Maximum horizontal displacement will be about 1,000 degrees when target depth is 1,518 feet. Steam will be 
injected into a maximum of five wells at a time and wells will be soaked one to two days before being placed on production. 

Two existing wells are currently producing 155 barrels of oil per day with a peak production rate of 200 barrels per day expected 

A decision whether to resume construction is expected in June 1989. 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (F-320) 

Mobil's heavy oil project is located in 132 and R23, W3M in the Celtic Field, northeast of Uoydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and Inc injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells.
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R & I) PROJECTS (Continued) 

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 1981 The seventh steam injection cycle commenced in January, 1987 and operations are 
continuing. 

Project Cost:	 $21 million (Canadian) (Capital) 

C-H SYNF'UELS DREDGING PROJECT - C-H Synfuels Ltd. (17-330) 

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 Home 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 time and a non-toxic polyaciylamide polymer to the tailings stream. This would cause the fines to attach to 
the sand eliminating the need for a sludge pond. 

Project Cost: Not disclosed 

CIRCLE CUFFS PROJECT - Kirkwood Oil and Gas (17-340) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (F-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 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the Upper 
and Lower Grand Rapids formation. The 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, were still in operation in 1988; the remaining wells were suspended at the conclusion 
of their testing programs. Beginning in July, 1988, Mobil plans to test three additional multi-zone wells in the Iron River area. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour Is Valorization des Huila Lourdes (ASVAHL) (17-360) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations were 
completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
raise 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.
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K & U PROJECTS (Continued) 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Ease Resources Canada Ltd. (T-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 Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is currently 3,100 cubic meters per day—i.e., about 19,500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as on follow-up recovery methods, such as steam displacement and horizontal wells. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEIIILL IN SITU STEAM PROJECT— Canadian Occidental Petroleum, Ltd., Texaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (T-390) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that arc located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

Production in 1988 reached 500 barrels per day and is expected to eventually peak at 1,000 barrels per day. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 md. 
Cumulative production reached one million barrels in 1988. This represents about 6 percent of the oil originally in place in the 
project area. Another four million barrels is expected to be recovered in the project's remaining 10 years of life. 

Project Cost:	 $15.2 million 

FT. KEr'ff THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T400) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of 
Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an average 
gravity of 12.5 degrees API, and a sulfur content of 33 percent. The project utilizes huff and puff, with steamdrive as an additional 
recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns convened from 1984 through 
1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an Swell cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 59 welts are now operating, with production avenging 1,600 barrels per 
day. Further development work, including tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are an-
ticipated to be greater than 21 percent with recoveries in the 26 percent range in the 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 indefinitel y susriended 

Project Cost: See Above
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R & D PROJECTS (Continued) 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-410) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir. The thy combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased. 

Project Cost:	 Not Disclosed 

GLLSP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-420) 

The Gregoire Lake In Situ Steam Pilot (GLISP) Project is an experimental steam pilot located at Section 2-86-7W4. The par-
ticipants are Amoco (123 percent), AOSTRA (75 percent), and Petro-Canada Inc. (123 percent). Other parties may participate 
by reducing AOSTRA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petit-Canada (15 percent). 
Amoco is the operator. The production pattern consists of a four-spot geometry with an enclosed area of 028 hectacres 
(0.68 acres). Observation wells have been drilled. The process has tested the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). Special fracturing techniques have been used and 
sophisticated seismic methods and other techniques are being used to monitor the in situ process. Steam Foam Flooding is cur-
rently being investigated. 

The project began operation in September 1985. 

Project Cost:	 $22.8 million (Canadian) 

FlANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japan 
Canadian Oil Sands (F-430) 

The Hanging Stone Project is located 50 km south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three wells have been tested for injection and recovery. Planning is underwa y for a 13-
well pilot. 

Total land holding for the project is one-half million hectares. 

Project Cost:	 Not formulated. 

IPIATIK EAST PROJECT - Alberta Eneny Company Limited, Amoco Canada and Deminex Canada (T435) 
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R & D PROJECTS (Continued) 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (F440) 

The Iron River Pilot Project commenced steam stimulation operations in March 1988. It consists of a 10 acre pad development 
with 23 slant and directional wells on eight and tour acre spacing within a 160 acre 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 1450 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 100 million BTU/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. The fuel is supplied from Mobil's fuel gas supply system and the treated 
oil is trucked to the nearby Husky facility at Tucker Lake. 

Project Cost:	 $14 million 

JET LEACHING PROJECT - HP Resources Canada Ltd. (T-450) 

HP Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The process, called jet leaching, involves high-rate 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. HP 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 

The project involves drilling four wells, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncased bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the wellbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees F. 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cost: C$500, 

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 
10,000 barrels per day operation. Timing is not yet firm pending stabilization of oil prices. 

Project Cost:	 Not disclosed 

LINDBERGH STEAM PROJECT— Murphy Oil Company, Ltd. (T.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 30,000 Cp at 70 degrees F. Porosity is 33 percent and permeability is 2500 md. 
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R & D PROJECTS (Continued) 

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. (T-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-
ients 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 bunting 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. (1-490) 

Amoco completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to evaluate a combination ther-
mal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have been steam stimulated. The 
producers in these patterns have received multiple steam and air/steam stimulations to provide for production enhancements and 
oil depletion prior to the initiation of bunting with air as the injection medium. To date, six of the nine patterns have been ignited 
and are being pressure cycled using air injection. 

Project Cost: 	 $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Lid., 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 farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phases I and II by contributing $57 
million. 

Phase II, designed initially to further test and delineate the resource, is now complete. Phase III began in December, 1988. The 
program includes a multi-cycle single well steam simulation test at 16-27-84-11 W4 in its eighth production cycle. A second multi-
cycle single well steam stimulation test at 4-35-84-11 W4 is in its sixth cycle. Operation of the third single well test at 13-27 was 
suspended after completion of its fourth cycle. 

Project Cost: 	 Not disclosed 

PELICAN LAKE PROJECT - CS Resources and Devran Petroleum limited (1-510) 

CS Resources has acauired from Gulf Canada, the orizinal o perator, the Pelican Lake Proiect comnrised 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. 

EIz1i 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 1,5w 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 thejgjj well was completed in June 1988. 
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Five more horizontal wells with horizontal sections of upwards of 3,0QQ feet are proposed for 1989. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation and CS Resources (17-520) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the i-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 convened to a steam drive, another pattern convened to a water drive. Remaining wells retained on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot was convened to steamflood in fall 1987. 

As of early 1989 thermal operations, with the exce ption of the seven-spot steamflood nroiect. have been terminated and the wells 
placed in a flowdown phase. 

Project Cost:	 Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - Norcen 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. 

All nine pattern wells were placed on primary production in February 1985. 

Project Cat: Not Disclosed 

PR SPRING PROJECT- Enercor and Solv-Ex Corporation, (T-540) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
avenge grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital and 
operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project which uses 
the same technology. 

The extraction plant for the project has been designed to 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-
gress on December 19, 1985 before financial assistance was awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought.
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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 (1-550) 

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. Hydroconver-
Lion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. Research with the 5 BPD pilot plant was finished in 1988. A 10 barrels per day 
pilot plant with suspended-bed reactor, designed by the M. W. Kellogg Company, was completed in 1985 and is in operation. A 
new type catalyst for the suspended bed process has been developed, and data have been obtained for process scaleup. 

Project Cost:	 Not Disclosed 

RAS GHARJB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (1-560) 

The tar sand thermal pilot lies onshore in the Ras Oharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, spaced 
approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million BTU per hour single pass steam generator was purchased. The first 3 cycles recovered nothing but water from the 300 
foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone. 

Project Cost: 	 Not Disclosed 

RTR PILOT PROJECT - Rfl Oil Sands (Alberta) Ltd. (1-570) 

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 farmout 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 farinout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the tease with Home retaining 10 percent and 
Mobil Canada Lid. 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.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1919) 

R & 0 PROJECTS (Continued) 

Little proness has been rerorted since 1987. 

Project Cost:	 Not Specified 

SOARS LAKE HEAVY OIL PILOT - Amoco Canada Petroleum Company Ltd. 7-590) 

Amoco Canada in July, 1988 officially opened the company's 16-well heavy oil pilot facilities located on the Elizabeth Metis Settle-
ment south of Cold Lake. 

Amoco Canada has been actively evaluating the heavy oil potential of its Soars Lake leases since 1965 when the company drilled 
two successful wells. The company now has 57 wells at this site with most having been drilled since 1985. The heavy oil reservoir at 
Soars Lake is located in the Sparky formation at a depth of 1,500 feet. 

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 MMI3T1U/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 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum limited, Westcoast 
Petroleum Ltd. (T-600) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir is a Glauconitic sand in the Upper Man-
nville formation which is underlain by water. The wells, including three temperature observation wells, were drilled during the 
summer of 1980. Completion of facilities construction occurred in the fall of 1981 and injection started in early 1981 AOSTRA 
holds a 50 percent interest in the project, Alberta Energy Company holds a 33.3 percent interest and Westcoast Petroleum holds a 
16.6 percent interest. 

The pilot fulfilled its technical objectives in 1986. The technology is now planned to be implemented in selected regions of the 
South Jenner field. 

Project Cost:	 $11 million (Canadian) 

TACIUK PROCESSOR PILOT - AOSTRAfThe UMA Group Ltd. (F-610) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat ex-
change, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The in-
formation agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the in-
formation generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid 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 $43 million, two-year extension to the project. The principal objective of this continuation is to carry out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant to be 
constructed and operated in the Athabasca region. 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1989) 

R & D PROJECTS (Continued) 

Project Cost: 	 To Date:	 $53 million 
Outstanding:	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TANGLI3FLAGS NORTH - Sceptre Resources Limited and Murphy Oil Company Ltd. (1-620) 

The project, located some 35 kilometers northeast of Lloydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Lloydminster region. 

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 Tangieflags 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 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot has advanced to the continuous steam injection phase. With one horizontal well and four vertical steam injec-
tion wells in place, the project was producing 300 barrels of oil per day at yearend 1988. Cumulative production to the end of 1988 
was 63,000 barrels, 33 percent above original predictions. Production is expected to increase to 1,000 barrels of oil per day by the 
end of 1989. At that time a decision will be made with respect to expanding the pilot to a commercial operation involving 14 
horizontal wells or more, on 285 acres with 8.7 million barrels of potentially recoverable reserves. 

Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (1-630) 

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 Gunsigbt Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-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 109,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost:	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T-640) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the lease. 

Preliminary estimates indicate that oil in place at the project area exceeds 680 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 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. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1989) 

R & 0 PROJECTS (Continued) 

The project was mothballed atain in the fourth quarter of 1988 due to low oil prices. There are currentl y 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, Mints 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. (17-650) 

In early 1984 AOS1'RA 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 now by gravity into the tunnels. 

AOSTRA refers to the technology as Shalt 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 mite access road started early in January 1984. 
A $23 million contract was signed with Patrick Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the 
sinking of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. The shafts have been completed and 
approximately 1 kilometer of tunnel is in place. 

An innovative underground drilling machine has been designed and fabricated by Drill Systems for the project. After undergoing 
surface testing at Enhaw, 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 AOS'FRA as the Phase A program, and a joint test with Chevron Canada Resources of the 
proprietory Chevron HASDrive process. 

Process facilities construction was completed in October 1987 and steaming started on both tests that November. Both pilot 
have nerformed exce ytionaiy±wji and the programs have been extended to March 1990. 

Project Cat:	 $100 million 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T-670) 

The Yarega oilficld (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 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost: 	 Not Disclosed
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COMPLETED AND SUSPENDED PROJECTS

Project Sponsor 

Aberfeldy Project Husky Oil Operations, Ltd. 

A.D.I. Chemical Extraction Aarian Development, Inc. 

Alsands Project Shell Canada Resources, Ltd. 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. 

Asphalt Ridge Tar Sands Pilot Sohio 

Asphalt Ridge Pilot Plant Enercor 
Mobil 
University of Utah 

Athabasca Project Shell Canada Umited 
Solv-Ex Corp. 

Beaver Crossing Thermal Recovery Pilot Chevron Canada Resources 

Block One Project Amoco Canada Petroleum Company Ltd. 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor 

Calsyn Project California Synfuels Research Corporation 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova 
Petro-Canada 

Cat Canyon Steamflood Project Getty Oil Company 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company 

Charlotte Lake Project Canadian Worldwide Energy Ltd. 

Chcmech Project Chemech 

Chetopa Project EOR Petroleum Company 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources 

Dcepsteam Project Sandia Laboratories 
United States Department of Energy

Last Appearance in SER 

March 1983; page 3-33 

December 1983; page 3-56 

September 198Z page 3-35 

December 1984; page 3-44 

December 1983; page 3-56 

December 1986; page 3-51 

September 1984; page T-7 

September 1988; page 3-50 

December 1988; page 3-67 

September 1984; page T-8 

September 1984; page T-8 

December 1986; page 3-43 

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 3-41 
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Enpex Syntaro Project Enpex Corporation March 1989 page 3-63 
Texas Tar Sands Ltd. 
Getty Oil Company 
Superior Oil Company 
M. H. Whittier Corporation 
Ray M. Southworth 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

Grossmont Thermal Recovery Project Unocal Canada Ltd. December 1988; page 3-71 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986; page 3-63 
Petro-Canada 

Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Ltoydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 198Z page 3-43 
Westcoast Petroleum 

Marguerite Lake 0' Unit AOSTRA December 1988; page 3-72 
HP 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. 
Petro-Canada 

MM. 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 
Norcen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project In' 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 Alter Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SOIV-EX Corporation March 1985; page 3-45
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Sarnia-London Road Mining Assisted Project Devnn 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 3-43 

Wabasca flrcflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

Wolf Lake Oxygen Project BP Canada Resources September 1988; page 3-70 
Petro Canada 

2" Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Ornnization Project Name 

Alberta Energy Company Burnt Lake Project 3-34 
Caribou Lake Pilot Project 3-44 
Ipiatik East Project 3-47 
Primrose Lake Commercial Project 3-39 
Suffield Heavy Oil Pilot 3-52 
SyncTude Canada Ltd. 3-42 

Alberta Oil Sands Equity Oslo Group 3-38 
Syncrude Canada Ltd. 342 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-43 
and Research Authority (AOSTRA) Donor Refined Bitumen Process 3-45 

GUSP Project 347 
Suffield Heavy Oil Pilot 3-52 
Taciuk Process Pilot 3-52 
Underground Test Facility Project 3-54 

Amoco Canada Ltd. Elk Point 3-36 
GLISP Project 3-47 
Ipiatik East Project 347 
Lindbergh Commercial Project 3-37 
Lindbergh Thermal Project 3-49 
Morgan Combination Thermal Drive Project 3-49 
Primrose Lake Commercial Project 3-39 
Soars Lake Heavy Oil Pilot 3-52 
Suffield Heavy Oil Pilot 3-52 
Underground Test Facility 3-54 

Amoco Production Company Sunnyside Project 340 

Bow Valley Industries, Inc. DVI Cold Lake Pilot 343 

OP Resources Canada Ltd. Jet Leaching Project 348 
Wolf Lake Project 3-42 

California Tar Sands Development Corp. California Tar Sands Development Project 3-35 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 344 
Technology Underground Test Facility 3-54 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-46 
PCEJ Project 3-49 

Canadian Hunter Exploration Burnt Lake Project 3-34 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-42 
Hanging Stone Project 3-47 
Oslo Group 3-38 
Eyehill In Situ Steam Project 3-46 

CANMET Underground Test Facility 3-54 

C-I-I Synfuels Ltd. C-H Synfuels Dredging Project 345 

Chevron Canada Resources Ltd. Underground Test Facility 3-54 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgmder 3-38 

CS Resources Pelican-Wabasca Project 3-50 
Pelican Lake Project 349 

Deminex Canada Ipiatik East Project 3-47 

Devran Petroleum Ltd. Pelican Lake Project 3-49
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Comsonv or Organization Project Name 

Enerror PR Spring Project 3-50 

Esso Resources Canada Ltd. Cold Lake Project 3-35 
Paso Cold Lake Pilot Projects 3-46 
Oslo Group 3-38 
PCI Project 3.49 
Syncrude Canada Ltd. 3-42 
Hanging Stone Project 347 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-51 

GNC Tar Sands Corporation Sunnide Tar Sands Project 341 

Greenwich Oil Corporation Forest Hill Project 3-37 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 345 
Oslo Group 3-38 
Pelican-Wabasca Project 3-50 
Sandalta 3-51 
Syncrude Canada Ltd. 3-42 

111300 Oil Sands Partnership Syncrude Canada Ltd. 3-42 

Home Oil Company Sandalla 3-51 

Hudson's Bay Oil and Gas Batlrum In Situ Wet Combustion Project 343 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-43 
Bi-Provincial Project Upgrader Facility 3-34 
Tucker Lake Pilot Project 3-53 
Athabasca In Situ Pilot Project 343 
Caribou Lake Pilot Project 3-44 

Improved Petroleum Recovery Ras Gharib Thermal Pilot 3-51 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-51 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-49 
Hanging Stone Project 347 

Kenoco Corporation Kenoco Project 3-48 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-45 
Tar Sand Triangle 3-53 

L'Associalion pour Is Valorization Donor Refined Bitumen Process 3-45 
des Huiles Lourdes (ASVAJ-IL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-43 
Celtic Heavy Oil Wet Combustion 3-44 
Cold Lake Steam Stimulation Program 3-45 
Fosterton N.W. In Situ Wet Combustion 347 
Iron River 3-48 
Sandalla 3-51 
Underground Test Facility 3-54 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-46 
Lindbcrgh Commercial Thermal Recovery Project 3-37 
lindbergh Steam Project 3-48 
Tangleflags North 3-53 

NcwGrade Energy Inc. NewOrade Heavy Oil Upgrader 3-58 
Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-50 

Ontario Energy Resources Ltd. Suncor, Inc. 3-40
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Company or Omrtization Project Name 

ORS Corporation Electromagnetic Well Stimulation Process 3-35 

PanCanadian Petroleum Elk Point Oil Sands Project 3-37 
Oslo Group 3-38 
Synenide Canada Ltd. 3-42 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-44 

Petro-Canada CANMET Hydrocracking Process 3-44 
Daphne Project 3-35 
GUS? Project 3-47 
Hanging Stone Project 3-47 
Oslo Group 3-38 
PCEJ Project 3-49 
Syncrude Canada Ltd. 3-42 
Wolf Lake Project 3-42 
Underground Test Facility 3-54 

Research Association for RAPAD Bitumen Upgrading Project 3-51 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-51 

Saskatchewan Government NewGrade Heavy Oil Upgrader 3-38 

Saskoil Battn.m In Situ Wet Combustion Project 3-43 

Sceptre Resources Ltd. 	 - TangJefla	 North 3-53 

Shell Canada Resources, Ltd. Peace River Complex 3-39 
Scottford Synthetic Crude Refinery 340 
Underground Test Facility 344 

Solv-Ex Corporation Bitumount Project 3-34 
PR Spring Project 3-50 

Suncor, Inc. Burnt Lake Project 3-34 
Fort Kent Thermal Project 346 
Suncor 3-40 

Sun Oil Company Suncor, Inc. 340 

Synco Energy Corporation Synco Sunnyside Project 3-41 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-43 

Texaco Inc. Diatomaceous Earth Project 3-35 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-46 
Underground Test Facility 3-54 

Uentech Corporation Electromagnetic Well Stimulation Process 3-35 

Underwood McLellan & Associates Taciuk Processor Pilot 3-52 
(UMA Group) 

Unocal Canada Battrum In Situ Wet Combustion Project 3-43 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-54 

West Coast Petroleum Ltd. Suffield Heavy Oil Pilot 3-52 

Worldwide Energy Fort Kent Thermal Project 3-46
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PROJECT ACTIVITIES 

ENERGY INTERNA11ONAI. STILL STRUGGLING, LIKELY 
TO MISS TAX CREDIT DEADLINE 

The Rawlins Coal to Ammonia Project, one of the 
award recipients under the first round of the federal 
Clean Coal Technology Program, Is planned by Energy 
International to be a demonstration of underground 
coal gasification technology, producing ammonia as 
the final product. Energy International (El) had 
hoped to be able to take advantage of the noncon-
ventional fuels production tax credit. This credit 
originally required that a facility be in operation by 
December 31, 1989, but El was unable to line up 
project financing in 1988. Late in 1988, Congress 
extended the tax credit provisions, but only for one 
year, requiring that a project be in operation by 
December 31, 1990. Since EL has still been unable 
to finalize the sources of capital for the project It 
appears unlikely they will be able to get the project 
into operation by the new deadline. 

According to El's Burl Davis, underground coal 
gasification (UCG) provides a new and radically im-
proved means for producing chemical feedstocks from 
coal. This technology was perfected during the 
course of a 10 year project near Rawlins, Wyoming, 
which demonstrated commercial-scale gasification 
rates as high as 200 tons of coal per day over 
periods of several months.	 The project was con-



ducted by the Synthetic Fuels Development Depart-
ment of Gull Oil Corporation. The significance of 
this work was the demonstration of the production 
of ammonia feedstock at less than one-half the cost 
of feedstock when natural gas is employed. 

Rawlins UCG Company Limited Partnership (RUCG) is 
a Wyoming limited partnership which was formed to 
construct and operate the underground coal gasifica-
tion plant (RIJCG Facility) near Rawlins. The facility 
will produce synthesis gas that will be used as 
feedstock by Rawlins Products, Inc. (BPI), a Delaware 
corporation, which plans to construct and operate an 
ammonia plant (aPI F acility) adjacent to the RUCG 
facility (collectively, the El Project). 

The El Project will function as an integrated facility 
with the following specific operations: 

- Drilling injection and production wells Into 
the coal seam 

- Gasifying the coal, In situ, using proven 
technology 

- Processing the gas produced by the under-
ground coal gasification process to a 
specification suitable for ammonia production 

- Producing ammonia from the processed gas 

- Producing internally all oxygen, steam, and 
some of the electricity, needed for the 
project

- Storage, distribution and delivery of ammonia 

RUCG and BPI were structured as separate entitles 
in order to qualify for nonconventional energy 
production tax credits. The FtUCG facility design is 
based on the process successfully operated by Gulf 
Oil Corporation at a site near the project in the 
same steeply dipping coal seam.	 RUCG will supply 
synthesis gas and fuel gas to iti.	 RN will supply
electricity, steam, and water to RUCG. 

RUCG . Facility 

The RIJCG facility is made up of the underground 
coal gasification plant, the gas cleanup plant, and 
the oxygen plant. The underground coal gasification 
plant will utilize four independent modules. Each 
module will have one production well, four injection 
wells (two upper and two lower) and up to seven 
monitoring wells. Each module is designed to gasify 
approximately 300 tons per day of coal normally or 
up to 400 tons per day If required. Normally a 
continuous burn would be Ignited through the lower 
well or reactor in the steeply dipping coal seam. 

The oxygen plant will provide the oxygen which, 
when combined with steam, gasifies the coal to 
produce approximately 65 million standard cubic feet 
per thy of raw synthesis gas. The gas cleanup 
plant treats the raw synthesis gas to remove carbon 
dioxide, tars, oils and other impurities. The result-
ing gas is sold to BPI for Its conversion into am-
monia and use as process fuel. 

The oxygen plant is presently located at Sault St. 
Marie, Canada with a system capacity rating of 
360 tons per day. Derating for the altitude dif-
ference will require the addition of a larger front 
end capacity air handler and a larger drive motor 
for the oxygen compressor. The cold box and re-
lated equipment Is rated at 420 tons per day. It 
was originally designed and operated by the Linde 
Division, Canada, of Union Carbide. 

RPI Facility 

The BPI facility Is made up of an ammonia plant, 
ammonia storage and rail loading facilities,	 a 
cogeneration plant, and utilities and offsites. The 
BPI plant will be an existing Columbia Nitrogen Cor-
poration facility located in Augusta, Georgia that 
will be relocated to the Project site. It Is 
presently rated at producing 360 tons per day of 
anhydrous ammonia utilizing natural gas as feedstock. 
The facility will be refurbished and modified so as 
to produce 420 tons per day of anhydrous ammonia 
using the clean underground coal gasification gas as 
feedstock.	 Major units included at the BPI facility
include synthesis gas secondary reforming, feedstock 
cleanup,	 ammonia synthesis and a 25,000 ton 
capacity storage facility. 
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Raw Materials 

The principal raw material for tile underground coal 
gasification process is coal, which is provided in situ 
under the terms of an agreement with the minerals 
owner, Rock Springs Royalty Company, a wholly 
owned subsidiary of Union Pacific Corporation. 

The coat is located In what is known as the North 
Knobs area, Is subbituminons B in rank, low in ash 
and sulfur content, with an average heating value of 
9,945 BTU per pound. It is located In the Fort 
Union Formation In three seams known as the I, C 
and Wally seams. The C seam, which is the primary 
seam of interest, Is 23 feet In thickness and dips at 
an angle of 63 degrees to the horizontal. Rights to 
all of the coal suitable for underground coal 
gasification purposes (i.e., below 350 feet) on Sec-
tions 11 and 13 north of Interstate 80 right of way, 
have been provided to the Project. Such reserves 
are sufficient to operate the UCG plant for at least 
15 years. A large amount of additional coal may be 
available on land which adjoins North Knobs. 

The Production Process 

The process for this project is basically the same as 
for the production of ammonia from natural gas. 
The clean underground coal gasification feed gas Is 
quite similar In composition to partially reformed 
natural gas product. The RPI facility will use this 
material as a feed to the secondary reformer in a 
plant originally designed and operated on natural 
gas. From this point on, the process chemistry Is 
the same as for all of the other ammonia plants 
now operating in the United States. Figure 1 Is a 
flow schematic of the overall facility. 

FIGURE 1 
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Using existing process plants decreases the time and 
cost for plant design. However, there is significant

time needed for both process and facility Integration 
In going this route in order to assure both physical 
and process matchups. 

The (leG welifleld will follow the coal seam out-
crop, running southeast to northwest. Gas clean-up, 
fuel processing, the ammonia synthesis units and 
utilities will be located In the central western por-
tion of Section 11.	 Gas and utility transfer piping 
will connect these two surface areas. Ammonia 
storage and shipping docks will be located ap-
proximately three miles away at the Union Pacific 
rail lines.	 Ammonia will be transported by pipeline 
to atmospheric storage tanks. The 0CC production 
field permit to mine covers approximately 204 acres. 
The surface plant and related facility will encompass 
38 acres and the storage site and railroad, 30 acres. 

Marketing 

Market/economic analysis indicated a 400 ton per 
day ammonia plant would be large enough to meet 
economic return requirements and was the most cost 
effective facility size. Suitable markets which could 
absorb this volume of ammonia, with minimum dis-
ruption, were also shown to be available. Urea 
production was originally considered as an Integral 
part of the facility.	 However, capital Investments 
for urea production were too high with minimal In-
cremental economic benefits.	 The incremental
revenue derived from urea sales would not support 
the Incremental capital,	 marketing and operating 
costs. Therefore, urea production was eliminated 
from the first stages of the project and held in 
abeyance for future expansion considerations. 

Reductions in ammonia production capacity over the 
past several years combined with expected increases 
in demand for product are expected to create tight 
markets for ammonia and improve the revenue 
prospects for the project beyond the Immediate com-
petitive position. 

The total cost of the project is to be financed 
through a combination of equity, bank loans, United 
States Department of Energy Clean Coal Technology 
Program funds, and limited partnership interests. 

GREAT PLAINS CONTINUES RECORD-BREAKING 
PERFORMANCE 

The Great Plains Coal Gasification Project began 
operation in 1984, with a design capacity of 
137.5 million cubic feet of synthetic natural gas 
(SNG) per day. Since Dakota Gasification Company 
(a subsidiary of Basin Electric Power Cooperative) 
assumed operations last November 1, the plant has 
produced at more than 110 percent of design. Daily 
SNG production has averaged about 147 million cubic 
feet a day during the first six months of Dakota 
Gasification Company ownership. 
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Progress on Emissions 

Dakota Gasification Company (DCC) is working with 
the North Dakota State Department of Health to 
satisfy environmental deficiencies. The Great Plains 
plant is currently operating by the authority of a 
permit to construct. The plant Is in compliance 
with ambient air quality standards, but does not 
comply with the hourly emission cap set for the 
plant prior to its construction. Dakota Gasification 
Company is proceeding to take steps necessary to 
obtain an operating permit. 

Updated information analyzing the best available 
control technology (BACT) for sulfur dioxide emission 
at the plant was submitted to the state by the 
February 20 deadline. That Is part of DGC's effort 
to amend the existing permit. 

When the more stringent standards were set for 
Great Plains, the original owners, the Environmental 
Protection Agency and the state Health Department 
all believed they could be met, based on DACT. 
However, that technology did not work as efficiently 
as hoped, so conditions in the construction permit 
could not be met. 

The consent agreement between DCC and the Health 
Department lays out schedules for developing a new 
BACT. Based on the new analysis, DCC will propose 
best available control technology considering criteria 
such as environment, energy use and economies. 

Additional analysis and information was submitted on 
May 1. DCC must now forward the applications for 
an amendment to the original Permit to Construct by 
July 1. 

After the Health Department has reviewed the ap-
plication and an agreement has been reached on the 
control technology, DCC will propose a schedule for 
implementation and compliance. 

The consent agreement requires that a penalty be 
assessed if certain conditions are not met. DCC and 
the Health Department agreed that penalties of up 
to $140,000 could be imposed. 

Emphasis on Byproducts 

Dakota	 Gasification	 is aggressively pursuing	 the 
marketing of byproducts from the Great Plains plant. 
The	 recent completion of	 a	 government-sponsored 
study shows that	 liquid fuels	 from	 the Great	 Plains 
plant	 have a	 greater potential	 value as	 chemicals 
rather than as specialized jet fuel.

Results reported at a final project review meeting 
confirmed that the United States Department of 
Defense would have to pay a high premium to jus-
tify making jet fuels at Great Plains. 

"These studies further confirm that our approach to 
byproduct development In refining tar oils and naph-
tha rather than turning to a specialized fuel is 
appropriate," according to K. Janssen, DCC's chief 
operating officer.

Since the purchase agreement provides that Dakota 
Gasification Company receives all profits from 
byproducts, they have n strong incentive to proceed 
expeditiously. Several byproducts that generally re-
quire little or no additional processing are currently 
being marketed. 

Seventy-four tons per day of anhydrous ammonia is 
being produced and sold for fertilizer. This repre-
sents about 10 percent of North Dakota's fertilizer 
market. 

The 40 tons of sulfur produced daily is sold to an 
out-of-state customer. Liquid nitrogen produced at 
the plant is sold and used locally. 

Revenues from new byproducts have the potential of 
adding more than $50 million a year in gross 
revenues. 

Rare gases from the large oxygen plant arc In 
demand. About 100 tons of argon is available daily. 
The plant could also produce about 3.5 million liters 
per year of krypton-xenon. 

The marketing of liquid hydrocarbons produced at the 
plant could be profitable. The hydrocarbon liquid 
streams are currently used as a boiler fuel for 
steam production. The plant has liquid streams that 
contain about 35-40 million pounds per year of 
phenol. About the same volume of cresylic acid is 
available from these liquid streams. 

The plant produces about nine million gallons a year 
of naphtha. After hydrotreatment to remove sulfur, 
the crude naphtha containing benzene, toluene and 
xylene could be used In making solvents, polystyrene 
and as a fuel octane booster. 

Creosote is another potential liquid hydrocarbon 
byproduct. 

Another byproduct Is carbon dioxide. Carbon dioxide 
injected into partially depleted oil reservoirs within 
the Williston Basin can displace and recover oil that 
otherwise would be lost. Discussions are on-going 
with oil producers regarding enhanced oil recovery. 
Studies have been done in prior years as to the 
merits of constructing a carbon dioxide pipeline from 
the Great Plains plant to oil fields in western North 
Dakota, eastern Montana and the Canadian province 
of Saskatchewan. 

The plant produces about 12,000 tons of carbon 
dioxide daily. 

DCC Assigned Financial Eating 

Dun & Bradstreet has assigned a financial strength 
rating of 5A2 to Dakota Gasification Company, the 
same as Basin Electric, Its parent company. 

The 5A2 rating represents an overall appraisal of the 
firm's financial strength and credit worthiness. 

Financial strength is based on tangible net worth. 
Creditworthiness Is a composite evaluation of several 
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factors, including Payment performance, management 
experience, financial condition and banking record. 
The top Dun & Bradstreet rating possible is 5A1. 

ANG, the former operator of the Great Plains 
project, had not been assigned a rating by Dun & 
Bradstreet because of the uncertainty of continued 
plant operations. 

Gas Contract Changes 

A crucial factor in the ability of the Great Plains 
plant to continue in operation is its gas sales con-
tracts.

As	 a	 result,	 the	 State	 of Wyoming gave Char-Fuels 
one	 million	 dollars	 in	 state funds, with the	 promise 
of	 five	 million	 more	 after the	 sale of an additional 
H limited partnerships. 	 A total	 of $16.5 million has 
been	 promised	 by	 state	 officials	 to the highly	 con-
troversial project. 

Char-Fuels and its parent, Carbon FueL9 Corporation 
want to build a 1,000 ton per day commercial 
hydropyrolysfs project at an electrical power station 
in Wyoming. The first stage would be building a 
150 ton per day demonstration unit. 

SNG produced is sent through a 32-mile, 24-inch 
diameter pipeline southwest to the Northern Border 
Pipeline which crosses the southwest corner of North 
Dakota. The pipeline transports Canadian gas to 
Ventura, Iowa, where it feeds a network of pipeline 
systems serving customers throughout the eastern 
half of the United States. The gas contracts reside 
with the pipeline subsidiaries of four of the original 
partners of the gasification project. 	 These are 
25-year contracts that extend to July 2009. These 
purchasers are Tennessee Gas Pipeline Company, ANR 
Pipe Line Company, Transcontinental Gas PipeLine 
Company and Natural Gas Pipeline Company. 

There are three phases to the pipeline contracts. 
Through the first half of 1989, the plant's gas price 
is tied to the going price of No. 2 fuel oil. The 
second phase, running until 1994, binds the pipelines 
to a sale price no more than that of the most ex-
pensive 10 percent of natural gas they are 
transporting. The third and final phase, ending in 
2009, aligns the price of Great Plains gas to the 
average selling price of natural gas at the wellhead. 

Although lignite used in the conversion process is 
low cost, about 70 cents per million 11Th, and the 
plant has almost no debt, the synfuels plant would 
fail were It not for the gas contracts. The cost of 
synthetic gas produced at Great Plains is about 
twice the average cost of natural gas, despite the 
advantages of low-cost fuel and essentially no debt. 

It Is not yet known how the upcoming change in 
contract pricing basis will affect Great Plains, but 
the company is hoping that the upper 10 percent 
natural gas price will still be above No. 2 fuel oil 
price, and they will see no immediate change. 
Eventually, as the high-priced natural gas contracts 
run out, all natural gas prices will conform to the 
average and Great Plains will lose Its favorable 
pricing basis. If Congress should decide on full 
decontrol of natural gas, that could happen even 
sooner. 

CHAR-FUELS GETS STATE FUNDS 

Char-Fuels of Wyoming has managed to persuade 
31 investors to put $82,500 each into limited 
partnerships for its proposed coal conversion process.

CALDERON GASIFICATION PROJECT BACK ON TRACK 

After an eight-month delay due to non-project-
related problems, Calderon Energy Company has again 
begun construction of a coal gasification process 
development unit. 

The Calderon process targets the clean production of 
electrical power with coproduction of fuel methanol. 

Phase I activity and Phase II, detailed design, have 
been completed. Construction of the process 
development unit (PDU) Is scheduled for completion 
by the end of 1989. Test operation is scheduled to 
begin upon completion of construction and extend 
through July 1990. 

The P91.1 will demonstrate the Calderon gasification 
process. In the process, run-of-mine high sulfur 
coal is first pyrolyzed to recover a rich gas 
(medium BTU gas), after which the resulting char is 
subjected to airblown gasification to yield a lean 
gas (low 11Th gas). 

The process incorporates an Integrated system of hot 
gas cleanup which removes both particulate and sul-
fur components of the gas products, and which 
cracks the rich gas to yield a syngas (Co and 
11 2 mix) suitable for further conversion (e.g., to 
methanol). The lean gas is suitable to fuel the 
combustion turbine of a combined cycle power gen-
eration plant. 

The PDU Is sized to process one ton per hour of a 
high sulfur midwestern coal. The rich and lean gas 
will be produced	 separately for	 the	 demonstration 
but will be combined during the test for disposal by 
flaring.

The construction and operation of the PDU will take 
place on the property of Alliance Machine Company 
in Alliance, Ohio. The project is being aided by 
$5 million in government funding. 

PDU Description 

Coal is fed through a horizontal rotary pyrolyzer 
where it is heated to drive off Its volatile content 
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as a rich gas.	 The char remaining from the 
pyrolysis is gasified with air. The ash is removed 
as a molten slag. The hot lean gas provides heat 
to the pyrolyzer and the rich gas cracker and in so 
doing is cooled to suitable temperature to teed a 
combustion turbine. 

The cooled lean gas is passed through the lean gas 
contactor where it contacts a moving bed of lime 
for removal of sulfur components and dust from the 
gasifier. The rich gas is heated in contact with 
lime in the rich gas cracker for removal of sulfur 
and for cracking of the tam and other hydrocarbon 
components to carbon, 	 carbon monoxide and 
hydrogen. The lime from the gas treating is 
regenerated by partial combustion with air to 
recover elemental sulfur and additional CO from the 
carbon burnoff. 

The entire process operates at pressure so that In a 
commercial system the treated lean gas may be fed 
hot directly to a combined cycle generation plant. 
The treated rich gas (syngas) Is suitable for further 
processing for conversion to methanol. 

Process Appileatfous 

The Calderon process is characterized by its in-
tegrated system of pyrolysis, air-blown gasification, 
and regenerative hot gas cleanup which provides 
direct recovery of sulfur in elemental form. 

For a commercial application, incorporating liquid 
fuel production, the feed coal is first pyrolyzed to 
yield a crude hydrocarbon-containing rich gas. This 
gas is then cracked and treated for sulfur removal 
to yield a syngas. The syngas is then converted to 
methanol for use as a liquid transportation fuel. 

The low-volatile-content char remaining from the 
pyrolysis is gasified by partial combustion with air 
to yield a dilute (low-BTU) gas. This gas is cleaned 
for sulfur removal and It is then used to fuel a gas 
turbine with steam cycle to produce electrical 
power. 

For commercial applications, the Calderon process 
claims advantages relative to current gasification 
technologies including 

- The production of a substantial portion of 
the coal energy as a medium BTU syngas 
without the need for oxygen 

- The coproduction of a clean low BTU gas at 
pressure and at elevated temperature suitable 
to efficiently fuel a combined cycle electri-
cal power generation train 

- Minimal adverse environmental impacts, and 
recovery of sulfur in marketable elemental 
form

- Potential for high thermal efficiency as a 
result of hot gas cleanup and elimination or 
a steam cycle normally employed with other 
gasification systems to cool the product 
gases 

- The ability to accommodate unsized feed 
(run-of mine coal or blends of coal with 
other carbonaceous solids). 

The cold gas efficiency is estimated to be 91 per-
cent. This efficiency, which is defined as the ratio 
of the heat content of the clean gas products to 
the heat content of the coal reed, excludes the 
contribution of heat recovery steam production. 
Comparable efficiencies of oxygen blown processes 
range between 67 and 88 percent. 

When the Calderon rich gas is employed for methanol 
production,	 the process has the potential to 
coproduce 119 gallons of methanol and 
1,338 kilowatt-hours of power from a ton of typical 
high sulfur coal as delivered. 

To achieve Its efficiency advantage, the Calderon 
process employs integration of gas cooling, coal 
pyrolysis, and hot gas cleanup. This integration 
requires heat transfer at high temperature from hot 
gas to coal during pyrolysis and to the lime bed 
during the treating of the pyrolysis gas product. 

Results to Date 

The separate operations of pyrolysis, char gasifica-
tion, and hot gas cleanup, Including sulfur recovery, 
have been tested and demonstrated In batch mode 
processing using batch sizes of 160 pounds of coal. 
Pyrolysis tests have also been conducted in con-
tinuous mode and with a variety of coals and with 
mixtures of coal with chopped tires and with grain 
(corn). 

The PDU is Intended to verify process features that 
have not been demonstrated in either continuous 
operation or under design temperature and pressure 
conditions. The PDU is specified for a coal feed 
rate of one ton per hour and an operating pressure 
of 350 psig as would be required to support com-
bined cycle power production. 

Calderon Energy has obtained certification from the 
Federal Energy Regulatory Commission as a Qualifying 
Facility for a commercial site In Bowling Green, 
Ohio. Plans are to file a proposal under the Clean 
Coal Technology program to build a cogeneration 
facility supplying 72 megawatts of electricity and 
600 tons of methanol per day. 
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CORPORATIONS 

DOW CHEMICAL CREATES ENERGY SUBSIDIARY 

Dow Chemical Company has formed a new subsidiary 
to focus on long term opportunities In power and 
steam generation, syngos manufacturing, lignite 
resource development, and related technical services. 
The name of the new unit Is Destec Energy Inc. 
Operations are scheduled to begin immediately from 
headquarters in Houston.	 Destec will incorporate
several Dow assets and Interests, including: 

- Rofan Energy Inc., which holds Dow's Interest 
In the Midland Cogeneration Venture in 
Michigan 

- Louisiana Gasification Technology Inc., which 
owns the coal gasification plant at Dow's 
Louisiana Division, the largest coal gasifica-
tion plant in the United States 

- A major portion of Dow's one billion tons of 
lignite reserves 

- Certain United States oil and gas properties 

- Dow's 38 percent ownership In Magma Power 
Company 

- Access to all of Dow's power generation and 
coal gasification technology 

- Cogeneration power, lignite and syngas sales 

- Coal gasification technology licensing 

Dow points out that the independent power market 
emerged In the early 1980s after passage of the 
Public Utility Regulatory Policies Act of 1978. Dow 
expects industry sales to grow from $10 billion per 
year in 1988 to $22 billion per year In 1995. 

With a strong technological base In gas fired 
cogeneration and coal gasification, as well as exten-
sive lignite reserves, Destec is strategically posi-
tioned In this noncyclical industry, says Dow. 

fl#11 

£TSI PIPELINE AWARD) BILLION DOLLARS IN 
DAMAGES FROM SANTA FE 

A Texas jury awarded the grsi Pipeline Project (EFSI) 
$345 million in damages from Santa Fe Railway Com-
pany and Santa Fe Southern Pacific Corporation 
(Santa Fe). Judge Robert Parker had Issued a 
directed verdict last week against the Santa Fe 
determining that it had participated in an illegal 
conspiracy consisting of a number of railroad com-
panies whose purpose it was to delay, hinder, or 
stop ETSI's proposed 1,700-mile, $3 billion pipeline 
project designed to transport coal slurry from Wyom-
ing to Texas and Oklahoma utilities. The jury found

that the illegal conspiracy was a material cause for 
the termination of the project and awarded damages 
In the above amount. That amount will be 
automatically trebled to $1.035 billion under antitrust 
laws. 

Santa Fe plans to appeal the verdict. The court 
will determine how damages awarded by the jury are 
to be offset by prior settlements by other railroads. 

Santa Fe expects the amount of damages to be 
reduced by $285 million as a result of prior settle-
ments by other railroads with ETS1. 

Settlements were paid before the trial by the Union 
Pacific, Chicago & Northwestern, Burlington Northern, 
and Kansas City Southern railroads. 

Partners in the conspiracy, which Parker said In-
volved several railroad companies, blocked a proposed 
1,700 mile pipeline that would have carried Wyoming 
coal to Oklahoma and Texas utilities. 

The jury found the conspiracy to be a material 
cause for termination of the 1970s coal slurry 
pipeline project, formerly known as Energy Transpor-
tation Systems Inc. 

ETSI canceled the project In 1984 after 11 years of 
planning, citing "protracted railroad opposition." It 
had spent $125 million on the project. 

QUESTAR REPORTS GASIFICATION ACTIYrnES 

During 1988, Questar Corporation's subsidiary Moun-
tain Fuel continued to work with the Utah State 
Department of Health to investigate the type and 
extent of subsurface contamination at Its north 
operations center In Salt Lake City, Utah. The 
property was the site of an abandoned coal gasifica-
tion plant that operated from 1907 until 1929. In-
vestigation of the problem revealed that con-
taminants are present In the soil, but that there is 
no Immediate health hazard to employees or nearby 
residents. As the result of conducting additional 
tests at the north operations center, Mountain Fuel, 
with the help of retained consultants and pursuant 
to an agreement with the Utah State Department of 
Health, built a slurry wall in 1988 that is designed 
to contain the contaminants on site. Mountain Fuel 
will have ongoing responsibility to monitor the ef-
fectiveness of the containment wall. 

Research activities pursued by Questar Development 
included reviewing cogeneration projects and explor-
ing opportunities to use coal gasification technology. 
In addition to conducting research activities, the, 
Company and its affiliates also contribute to 
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research and development projects of industry as-
sociates, e.g., the Gas Research Institute.

Xcel Group, inc. is a company providing engineering 
and consulting services in the fields of energy and 
the environment. 

XCEL GROUP SHIPS LIGNITE GASIFICATION PILOT UNIT 
TO GREECE 

In June, 1988, Xcel Group, Inc. of Milwaukee, Wis-
consin, received a $1 million contract from the 
Public Power Corporation (PPC) of Greece to supply 
a modular lignite gasification pilot plant for their 
research and development program. Increased use of 
Greek lignite for electric power production will per-
mit Greece to become less dependent on Mid-East 
oil. For this reason, the program Is being jointly 
funded by PPC and the North Atlantic Treaty Or-
ganization (NATO), Science for Stability Program in 
Brussels, Belgium. 

A key goal of the program is technology transfer. 
Toward this end, three Greek engineers were resi-
dents in Milwaukee for several months to receive 
training and assist in testing of the unit. 

The equipment was shipped by sea in March and will 
be reassembled in a suburb of Athens, Greece this 
summer.

Incorporated in early 1988, Xcel was founded by 
four senior managers, formerly with the Allis-
Chalmers Coalgas Corporation, who were involved in 
n $250 million venture to develop and demonstrate 
the Allis-Chalmers process for the gasification of 
high-sulfur coal. After Allis-Chalmers entered Chap-
ter 11 bankruptcy in 1987 they formed the new or-
ganization to carry on the coal gasification technol-
ogy. 

The rotary kiln reactor for Greece was manufactured 
and tested at Evers Manufacturing Co., Menomonee 
Fall, Wisconsin. 

Public Power will use the reactor to study the 
physical and chemical properties of gas created by 
lignite. 

With the completion of the contract, Xcel is turning 
its attention to a mix of smaller contracts ranging 
from improving coke-forming processes to modifying 
hazardous waste incineration. 

The company also is pursuing plans to produce a 
plant that collects, treats and recycles Inorganic 
wastes from electroplating and metal finishing plants. 
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GOVERNMENT 

DOE ISSUES SOLICTTAThON FOR CLEAN COAl. 
TECHNOLOGY ROUND THREE 

The United States Department of Energy Issued a 
caR for Clean Coal Technology proposals on May 1, 
beginning the third in a series of nationwide com-
petitions in a program cited by President Bush as a 
key element in efforts to reduce acid rain. 

Proposers will be competing for more than 500 mil-
lion dollars in federal matching funds. 

Proposals are due August 29, 1989. The department 
expects to select approximately 15 to 20 projects 
that will demonstrate environmentally superior ways 
of controlling coal-burning emissions. The agency 
will announce its choices near the end of the year. 

Ultimately, when all five rounds of competition are 
completed by 1992, the Clean Coal Technology 
Program is expected to finance more than five bil-
lion dollars of innovative demonstration projects, 
with the private sector providing at least half of 
the funds. 

The first two rounds of competition, run in 1986 and 
1988, have produced 29 selected projects valued at 
more than $2.3 billion. 

"Our third solicitation incorporates several major ob-
jectives of great importance to this country's energy 
and environmental future," said Secretary of Energy 
James D. Watkins. 

"Without losing sight of the statutory directive to 
focus on technologies capable of reducing pollutants 
from existing facilities, the solicitation balances the 
needs and interests of all United States coals, 
regardless of their origin or current market 
locations," Watkins said. 

"It also introduces consideration of global warming 
without diminishing the central environmental con-
cerns of the Clean Coal Technology Program," he 
said. 

In February, President Bush pledged to restore the 
five-year schedule for the Clean Coal Technology 
Program recommended in 1986 by specially-appointed 
United States and Canadian envoys. 

The Envoys called for the program as a way of 
easing concerns over the problem of acid rain. 

Previously, the department's budget for fiscal 1990 
had stretched out the five-round competition to 
10 years rather than the original five. 

President Bush also endorsed the previously approved 
appropriation of $575 million for the third round, of 
which $545.5 million will be made available for 
project financing.

The Third Round solicitation incorporates several 
changes from prior solicitations, as well as from an 
earlier draft issued for public comment. 

In comparison with the initial two rounds of com-
petition, the Energy Department assigned greater 
weight to the commitment of a proposer to provide 
its share of private financing. 

The agency has also provided a more complete list-
ing of the information that will be needed from 
selected companies on a preliminary step in nego-
tiations for actual awards. 

Changes have also been made in provisions for 
repaying the government's share of funding if the 
new technology ultimately becomes commercially suc-
cessful. 

The department adjusted the percentages of gross 
sales and licensing fees upon which the recoupment 
would be based and offered a grace period to 
provide private participants with maximum short-term 
revenues. 

Also, in a change from the earlier draft solicitation, 
the department added a provision enabling the 
Secretary of Energy to waive a previously negotiated 
repayment plan If the repayment would put the 
private sponsor at a competitive disadvantage. 

Repayment Provki ens 

Replication of the demonstrated technologies Is the 
objective of the Clean Coal Program. It is the 
policy of the Government to require repayment of an 
amount up to (but not to exceed) its actual con-
tribution to the Project. Repayment will derive 
from those projects which are successful and achieve 
commercial application. Individual Repayment Agree-
ments for each project will be negotiated on the 
following: 

- The government's right to recover its con-
tribution will continue until either the 
Government has recouped its contribution or 
20 years have elapsed. 

- The Repayment Agreement may be waived If 
the Secretary of Energy determines that such 
repayment places the participant at a com-
petitive disadvantage in domestic or interna-
tional markets. 

- Any unpaid amount remaining at the end of 
the 20 year period will be forgiven by the 
government. 

- Repayment will only apply to that portion of 
the technology identified as being inside the 
technology envelope. 
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- Repayment will be generated only from the 
revenue sources specified in the negotiated 
Repayment Agreement (i.e., corporate assets 
are not pledged to the repayment). 

- Repayment will be based on: 

- 0.5 percent of gross revenues from the 
sale or lease of equipment that Is 
manufactured and embodies the 
demonstrated technology. 

- Five percent of gross fees resulting from 
the licensing of the demonstrated technol-
ogy. 

- Proposers may provide an alternative plan 
whereby any revenue source may be used to 
provide payment that, on an annual basis, is 
equivalent to the revenue which would be 
realized from the two sources listed above. 

- To promote commercialization, negotiators 
may agree that a grace period from repay-
ment may be appropriate. This grace period 
may be for a set period, a certain number 
of facilities, or a certain number of licenses. 
The terms for any grace period will be 
developed during negotiations but will not 
exceed five years or 10 percent of projected 
sales during the repayment period, whichever 
is less. 

- The government is under no obligation to 
share any cost overruns. The government 
may at its own discretion share in the cost 
of overruns, if funds are available. 

The Department apparently dropped its earlier 
proposal to also require a payment of 0.5 percent of 
the gross sales of any new fuel forms resulting from 
the demonstration. This proposal drew widespread 
objections. The Council on Alternate Fuels said such 
a "new fuel forms" component would represent a tax 
on coal gases and liquids. "If the 0.5 percent re-
quirement Is applied to coal gases, coal liquids and 
electricity from clean coal technologies, this new 
element to the mandatory repayment provisions will 
work strongly at cross purposes to the goals of the 
clean coal technology program," the council said. 

fl#4 

COAL CONVERSION PROJECTS IN CLEAN COAL 
PROGRAM HAVE PROBLEMS 

The United States General Accounting Office (GAO) 
at the request of Congress, surveyed the Department 
of Energy's Clean Coal Technology first round 
program and found several instances where the 
projects have failed to meet original schedules be-
cause of difficulties in financing or other problems. 

Three of the projects listed as having serious dif-
ficulties are those involving some form of coal con-
version.

Energy International UCG Project 

The Wyoming underground coal gasification project 
planned by Energy International has had to ask the 
Department of Energy (DOE) to amend its agreement 
four times to extend the design phase nearly 
16 months. Construction start, already a year be-
hind schedule, won't happen until El gets private 
financing. GAO quotes DOE as saying the project's 
financiers don't believe it will be able to produce 
fuel in time for the sponsor to qualify for the non-
conventional fuels production tax credit. 

The $70.1 million cost estimate has increased by 
$43 million in order to redesign the system to gasify 
more coal, but the government's contribution to cost 
increases is capped, indicating financial problems for 
the company. 

M. N. Kellogg Advanced Coal Gasification Project 

This $243 million project may be scaled back con-
siderably because Kellogg has decided to repower an 
existing unit instead of building a new unit in Pen-
nsylvania. This may reduce the project cost to 
$190 million. That follows three extensions of the 
preliminary engineering and analysis phase because of 
trouble finding a utility to buy power from the 
project. 

DOE has asked project sponsors to submit a full as-
sessment of project viability by the end of June. 

Ohio Ontario Clean Fuels CcçrocsIag Project 

Completion could be delayed 13 months, to 
January 1996, because of project problems with per-
mits. 

The Ohio-Ontario Clean Fuels Inc. project is designed 
to	 produce	 a liquid transportation fuel	 from 
coprocessing of coal and residual	 oil. Preliminary 
engineering and initial financing are completed.	 The 
original estimated project cost was $226 million.

However, DOE says the transportation market no 
longer appears viable for the fuel, and financing for 
the remainder of the project hinges on the success 
Ohio-Ontario has in finding an alternative market. 
The project has therefore switched to trying to find 
a host utility to use the fuel for electricity genera-
tion. 

DOE MAKES COAL RESEARCH AWARDS TO UNIVERSITIES 

In May, the United States Department of Energy 
(DOE) selected 28 colleges and universities in 
22 states to share in approximately $5.7 million of 
federal funds to conduct basic research aimed at in-
creasing the ability to utilize coal resources cleanly 
and efficiently. 
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Secretary of Energy James Watkins announced the 
selections following a comprehensive evaluation of 
284 proposals submitted in response to the Energy 
Department's tenth annual solicitation for university 
coal research proposals. 

"Basic research at our colleges and universities 
provides the nation with a double benefit," said 
Watkins. "First, it allows for the kind of long-term, 
high risk research that can result in revolutionary 
advances in the ways we can produce energy from 
coal. And, just as important, it provides critical 
education and training to a new generation of scien-
tists and engineers." 

"The real strength of coal ties not so much in its 
natural abundance, but In the ingenuity of the men 
and women who have the ability to develop creative 
and efficient means for its use. It is our respon-
sibility to do all we can to motivate and encourage 
young people in this area. Moreover, through this 
program, the department Is promoting minority par-
ticipation in coal research and providing much 
needed opportunities for underrepresented minority 
and disadvantaged youth in science and engineering 
fields."

A total of 32 projects will be conducted this year 
at the 28 institutions. Two institutions, the Univer-
sity of Minnesota and Lehigh University, were 
selected for two projects each and the Massachusetts 
Institute of Technology was selected for three 
projects. Four historically black colleges and 
universities will participate in the program through a 
special DOE commitment to promote minority par-
ticipation in coal research. 

This year's selections boost the total federal invest-
ment under this program to nearly $50 million over 
the past decade. The projects will run from two to 
three years, with grants ranging from $90,000 to 
$200,000. Thirteen of the projects will contribute a 
total of nearly $575,000 in cost-shared funds. 

The Energy Department's Pittsburgh Energy Technology 
Center, which oversees the University Coal Research 
program, expects to complete the award of all 
grants by September of this year. 

Table 1 is a list of the 32 selected projects ar-
ranged alphabetically be state. 

TABLE 1 

Technical 
Grantee	 Mount	 Category	 Project Title 

Jeffrey R. Levine 
School of Mines & Energy Development 
University of Alabmm 

George R. Gavalas 
Chemistry and Chemical Engineering 
California Institute of Technology 

Kai V. S. Sastry 
University of California, Berkeley 

Lisa D. Pfefferle 
Chemical Engineering 
Yale University 

Robert H. Davis 
Physics 
Florida State University 

Godfrled M. K. Abotsi 
Chemistry 
Atlanta University 

Dimitri Gidaspcw 
Chemical Engineering 
Illinois Institute of Technology

	

$139,411 Coal Science	 "Permeability Changes in Coal 
Geos ci ence	 Resulting from Gas Desorption" 

	

$199,546 Engineering	 "Si02 Membranes for 112 
Fundamentals and Separation In Coal Gas 
Thermodynamics	 Processing" 

	

$194,052 Coal Surface	 "Pelletizatlon of Fine Coals" 
Science 

	

$197,358 Coal Science 	 "Novel Technique of Coal 
Analytical
	

Pyrolysis and Hydrogenation 
Product Analysis" 

	

$137,958 Environmental
	

"Pulsed Electron Bean
Science Gaseous/ P rech rger" 
Particulate 
Pollutants 

$145,000 Advanced Process "A Novel Approach to Highly 
Concepts	 Dispersing Catalytic Materials 

	

Gasification	 in Coal for Gasification" 

	

$199,680 Engineering	 "Predictive Models for 
Fundamentals and Circulating Fluidized Bed 
Thermodynamics	 Ccnbustors" 

4-10	 SYNTHETIC FUELS REPORT, JUNE 1989



TABLE 1 (Continued) 

PROPOSALS SELECTED FOR CHANT AWARDS 

Grantee 

Clifford P. Kubiak 
Purdue Research Foundation 

Raul Miranda 
Chemical Engineering 
University of Louisville 

Akundi N. Murty 
Physics 
Grumbling State University 

Judith K. Marquis 
Pharmacology 
Boston University

Technical 
Mmunt	 Category 

$200,000 Reaction 
Chemistry Non-
Biochemical 
Reactions 

$135,111 Reaction 
Chemistry Non-
Biochemical 
Reactions 

$115,000 Advanced Process 
Concepts 
Indirect 
Liquefaction 

$197,005 Reaction 
Chemistry 
Biochemical 
Reactions

Project Title 

"Preconversion Catalytic 
Deoxygenation of Phenolic 
Functional Groups!! 

"liechanisrn of 
ilydrodeni trogenut ion" 

"NQR-MAR Studies of Higher 
Alcohol Synthesis Cu-Co 
Catalysts" 

"Applications of Micellar 
Enzmlogy to Clean Coal 
Technology" 

Jack B. Howard 
Chemical Engineering and Energy Lab 
Massachusetts Institute of Technology 

John P. Longwell 
Chemical Engineering 
Massachusetts Institute of Technology 

Charles N. Satterfield 
Chemical Engineering 
Massachusetts Institute of Technology 

Ylannis A. Levendis 
Mechanical Engineering 
Northeastern University 

Dennis J. Miller 
Engineering Research Complex 
Michigan State University 

Malcolm T. Hepworth 
Mineral Resources Research Center 
University of Minnesota 

Kenneth J. Reid 
Mineral Resources Research Center 
University of Minnesota 

Edward M. Arnett 
Chemistry 
Duke University

$200,000 Engineering 
Fundamentals and 
The rnndynaml cs 

$200,000 High-Temperature 
Phenomena 

$200,000 Advanced Process 
Concepts Direct 
Liquefaction 

$200,000 Advanced Process 
Concepts 
Cathust Ion 

$140,000 Advanced Process 
Concepts 
Gasification 

$199,871 Environmental 
Science Gaseous! 
Particulate 
Pollutants 

$199,999 Coal Science 
Structure! 
Characteristics! 
Reactivity

"Coal Plasticity at High Heating 
Rates and Temperatures" 

"Effect of 00!00 2 on 
Temperature and Burning Tine for 
Char Combustion" 

"Control of Catalytic 
Hydrotreating Selectivity with 
Amion i a" 

"Effects of Calcium Magnesium 
Acetate on the Combustion of 
Coal-Water Slurries" 

"Enhanced Coal Hydrogasification 
Via Oxidative Pretreatment" 

"Molten Iron Oxysulfide as a 
Superior Sulfur Sorbent" 

"Basic Properties of Coals and 
Other Solids" 

$132,417 Environmental 	 "Ccrparison of Line and Iron 
Science Gaseous! Oxide for High Temperature 
Particulate	 Sulfur Removal" 
Pollutants 
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$198,875 Reaction 
Chemistry Non-
Biochemical 
Reactions 

$199,988 Environmental 
Science Gaseous! 
Particulate 
Pollutants 

$200,000 Coal Science 
Structure/  
Characteristics! 
Reactivity 

$199,643 Advanced Process 
Concepts 
Indirect 
Liquefaction

"Fundamental Studies of 
Catalytic Processing of 
Synthetic Liquids" 

"Binding and Catalytic 
Reductions of NO by 
Transition Metal 
Aluminosilicates" 

"Single Electron Chemistry of 
Coals" 

"A Novel Process for Methanol 
Synthesis" 

$200,000 Advanced Process "Novel Reactor Configuration for 
Concepts	 Syngas Conversion to Alcohols" 
Indirect 
Liquefaction 

$90,000 Environnental 	 "Transport of Heavy Metals in 
Science Liquid!	 Process Wastewaters" 
Solid Pollutants 

$200,000 Advanced Process "Novel Process for Depolynrri-
Concepts	 zation of Coal to C2-C4 
Gasification	 Hydrocarbons" 

$199,941 Coal Surface 
Science 

$199,849 Coal Science 
Analytical

"Control of Pyrite Surface 
Chemistry in Physical Coal 
Cleaning" 

"Chemistry of Coal-Related 
Microparticles" 

$199,979 High-Temperature "Mineral Transformations and 
Phenomena	 Fragnentat ion in Coal 

Combustion" 

TABLE 1 (Continued) 

PROPOSALS SELECTED FOR GRANT AWARE 

Technical 
Grantee	 Mount	 Category 

Vlnayak N. Kabadi	 $100,000 Engineering 
Chemical Engineering	 Fundamentals and 
North Carolina All State University 	 Thermodynamics

S

Project Title 

"Thermodynamic Model for Cajori-
rn,tric and Phase Coexistence 
Properties of Coal Derived 
Fluids" 

Soon-Jai Khnng	 $198,419 Engineering	 "A Novel Coal Feeder for 
Chemical	 Nuclear Engineering	 Fundnnnntals and Production of Low Sulfur Fuel" 
University of Cincinnati 	 The rynodyna,nlcs 

Asrmre AtaIay	 $140,000 Environimntal 	 "Selenium Trnnsforrmt ion in Coal 
Civil Engineering and Environnontal Science	 Science Liquid!	 Mine Spoils: Its Environmental 
University of Oklahoma	 Solid Pollutants Inpact" 

Philip R. Watson 
Chemistry 
Oregon State University 

Kamil Klier 
Chemistry 
Lehigh University 

John W. Larsen 
Chemistry 
Lehigh University 

John W. Tierney 
Chemical and Petroleum Engineering 
University of Pittsburgh 

Aydin Akgernmn 
Chemical Engineering and Thermodynamics 
Texas A&M Research Foundation 

Ray F. Wilson 
Chemistry 
Texas Southern University 

Wendell H. Wiser 
Fuels Engineering 
University of Utah 

Roe-loan Yoon 
Mining and Minerals Engineering 
Virginia Polytechnic Institute 

E. James Davis 
Chemical Engineering 
University of Washington 

Boyd F. Edwards 
Physics 
West Virginia University
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ENERGY POLICY AND FORECASTS 

CLEAN COAL TECHNOLOGIES COULD PRESENT AN 
INTERNATIONAL MARKET OPPORTUNITY 

In remarks to the Fourth Annual Clean Coal Technol-
ogy	 Conference, held	 in Washington,	 D.C. in	 April, 
David R.	 Williams Jr. addressed the potential interna-
tional	 market	 for clean coal	 technologies. Excerpts 
from his	 talk	 follow.

He noted the need for a sense of urgency, in that 
we dare not find out if there will be another 
energy crisis to which we have become more, in-
stead of less, vulnerable. To make sure this does 
not happen, coal technologies will have an important 
role to play. 

Oil will become cheaper and more plentiful in the 
near term, and Increasingly more costly and scarce 
in the long term. It is this "boomerang" syndrome 
that makes us complacent in the face of danger. 
On a long term basis, this leads to one ultimate 
overwhelming conclusion: "only coal can fill the oil 
gap," as oil's decline over the next forty years will 
be nearly as sharp as its postwar rise. Diversifying 
away from overdependence upon oil could be one of 
civilization's greatest challenges. In the next forty 
years, we must call upon coal to come to our 
rescue. 

To address new markets for Clean Coal Technologies, 
it is necessary to anticipate the future role of coal 
In world energy, and how coal must be used in ful-
filling this role. This discussion begins with the 
premise that over the next 40 years, coal must take 
the place of oil, In a zero sum relationship. While 
there is less than total agreement, we cannot afford 
to overlook the possibility that for a brief time in 
history, world stability will depend upon rapid and 
immediate expansion of the role of coal Into a full 
range of substitutes for petroleum products. 

This urgent challenge Is tailor-made for United 
States leadership, at a time when Its leadership is 
faltering In other fields. ConsumIng 30 percent of 
world energy; having a third of world proven coal 
reserves; and being the leading nation in hydrocar-
boris processing; the United States Is uniquely post- 
tioned to develop technologies and Implement them 
all over the world. 

Today's urban societies have become fragile and in-
terdependent, and lack the self-sufficiency and 
resilience of only 50 years ago when a world 
depression was followed by a world war; neither of 
which our political, social, and economic systems 
might survive today. 

At this moment In history, we are near the top of 
a bell-shaped curve of au-time world oil production; 
the midpoint and apex. In a handful of years, It 
will begin Its Inexorable decline--the backside of the 
curve--returning to the point, some forty years from 
now, to about where we were forty years ago. This

means, in forty years time, world oil production may 
be about halt of what it Is today. 

Only coal has the crustal abundance, wide distribu-
tion, minimal finding cost, low lifting cost, and 
adaptability to existing infrastructure, to fill a gap 
so large and so immediate. Today the finding and 
lifting cost of coal runs from $0.10 to $1.00 per 
million UT!.), while the same costs for oil run from 
$2.00 to $3.00.	 Refining coal into liquid products 
will cost more than oil refining, but there Is room. 

Global Worming (a.k.a. The Greenhouse Effect) 

It would not be possible to advocate greater and 
more varied use of coal If global warming is real 
and has no remedy other than phasing out fossil 
fuels quickly. Much has been made of the 25 per-
cent increase in atmospheric CO 2 content in the last 
100 years (280 parts per million to 350 parts per 
million), which is so widely believed to account for 
the rise of average world climatic temperatures over 
that period of about one degree Celsius. Little 
notice has been given to the fact that this has not 
been a steady rise. In fact, between 1940 and 1965 
there was a cooling effect, which no one can ex-
plain.	 Does it not make sense to first mount an 
Intensive investigation of the earth's heat balance 
and all	 factors	 and variables	 before	 taking
precipitous actions? 

Nevertheless, there are many urging for Immediate 
action, without waiting for better understanding. 
Legislation was Introduced in the Congress last year 
mandating a 20 percent reduction of coal use by the 
year 2000. Those who advocate government action 
to reduce the CO 2 emissions should examine more 
carefully the Impact upon the United States economy 
of even a modest cutback In the use of fossil fuels. 

Instead of calling for drastic political fixes, the 
United States should take the lead In a high priority 
International program to improve the necessary math-
ematical models to simulate the heat-mass-dynamic 
equilibria of the planet. 

Opportunities 

Even if coal did not have such a future strategic 
role to play, there are some near term and remark-
able opportunities that could be lost to the 
American coal industry and Its technical services 
sector. 

In 20 years, world trade In coal could quadruple to 
reach $100 billion a year, (with most of this growth 
In steam coal) and another $50 billion In annual 
volume of technology license fees and technical 
services. 

While low growth metallurgic coal tracks the ups 
and downs of the world steel industry It serves, 
there are signs of enormous growth In world steam 
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coal markets; nearly half of which growth may 
In a half dozen Asian countries (wherein lies 
two thirds of the United States balance of pay 
deficit). The United States exports almost no 
coal to this single greatest potential export (Pi 
market,	 It will be necessary to find ways 
and clean western United States coals, and to 
its high inland transportation disadvantage, to 
some of this market. 

Some of these foreign markets are like pai 
United States, primarily California, and to 
extent New England, the Gulf Coast, an 
where little steam coal Is used today. 
for environmentally acceptable burning of 
these regions will show we can solve our 
problems at home, and be better equipped 
the solutions abroad.

new technologies to mak 
industry, its manufacturers 

more competitive; instead o 
o retrofitting or repowering 

Manufacturers and engineers must not assume that 
conventional fuels will be available at reasonable 
cost for the life of the equipment they sell. New 
technologies, new equipment and new fuels will be 
needed in the future. 	 Equipment development and 
fuels development must proceed hand-in-hand. For 
example, In considering commitments for new com-
bustion turbine generators, both the sellers and the 
buyers should join with energy producers in the 
development of the alternative fuels this equipment 
must burn in the latter part of Its life; as It is not 
likely to be the kind Initially used. 

Expanding overseas export opportunities, particularly 
In the Pacific Rim and Third World countries will be 
for new market applications, new technologies, and 
new coal facilities; all given no serious consideration 
to date in the CCT program. CCT also ignores that 
large steam boilers may not be the main source of 
new electric power generation in the future. 

The Innovative Clean Coal Technology Pro€ 
was originally called, was mandated by th 
and had as its purpose, not only the re 
pollutants to solve Acid Rain, but also th 
ment of new technologies that will mak 
more self-sufficient In energy and improve 
petitiveness of American Industry in world 

The broader purposes of the original mandate from 
Congress have been narrowed to give a higher 
priority to solving Acid Rain. As a result, evalua-
tion of proposals gives more weight to retrofit and 
repowering to address the urgency of quickly abating 
the "trans-boundary" emissions from a band of older 
power plants from the Mississippi Valley through the 
Great Lakes to the East Coast that are largely 
responsible for Acid Rain. This has meant a high 
degree of concentration upon older technologies that 
are proven and ready for retrofit, mostly In the 
areas of combustion techniques, and flue gas treat-
ment. There has also been much duplication, with 
numbers of technologies competing for the same pur-
pose. Furthermore, this focus has Ignored tech-
nologies for processing coal Into cleaner fuels that 
may have enormous trade-offs In transportation and 
materials handling, as well as reduced emissions. 
Oriented to coal-fired boilers, it does not anticipate 
the trend to combustion turbines and the need to 
adapt them to coal-derived fuels. 

The CCT Program to date, with its 
retrofit and repowering, has little 
Western coal industry, where newer, 
technologies are more likely solutions to 
tiveness.

Technology Program should 
le its broader original pu

For coal to begin to share the burden of oil, a 
dramatic increase must occur in coal production, as 
well as in the amount of coal that enters world 
trade. For this to happen, an Intensive research 
and development effort Is needed to create coal-
derived substitutes for petroleum products by govern-
ment and industry cooperation. 

World trade In coal today (that is coal exported 
from one country to another) Is about at the level 
(on a thermal equivalency basis) of oil in world 
trade in 1950. In the almost 40 years since then, 
oil in world trade has multiplied about 10 times. A 
reasonable guess Is that oil in world trade is near 
its all-time peak, and will decline in the next 
40 years to one-half of its current level. 	 If so,
only coal can fill such an Immediate and urgent g 
until the more renewable technologies of the next 
century pick up a large part of the load. If truly 
this burden must fail so heavily upon coal, it means 
world coal trade must at least Increase by 10 times 
to fill a major part of this gap. If so, more than 
three billion tons of coal must then be moved into 
world trade by those countries that produce more 
coal than they consume. Sometime sooner than 
40 years, coal in world trade must eclipse oil in 
world trade (on a thermal basis), and oil will be 
headed downward, while coal will be headed upward, 
beyond this intersection. 

Coal is a relatively undeveloped energy resource, and 
unlike oil, United States coal reserves and economics 
of scale could conceivably dominate world coal trade 
In the future. United States energy leadership will 
depend upon not only developing a new generation 
of technologies for coal, but also adopting oil in-
dustry type international trading for coal. In 
20 years time, the United States should be exporting 
one billion tons per year of coal, or 70 percent 
more than It will then consume at home (Instead of 
todays 15 percent).

industry should take 
w the United States



the dominant force in world oil trade. It was 
primarily technology driven, and the United States 
had the good fortune of having the first significant 
oil production, and developing the needed tech-
nologies first for its own use, after which It ex-
ported this technology to the rest of the world. By 
following this technology to where It was needed in 
all parts of the world, the United States held the 
initiatives In discovering most of the major oil 
basins of the world, and in establishing the 
worldwide infrastructure of production, transportation, 
refining, and distribution. It was American technol-
ogy that made this possible, plus an earlier more 
venturesome attitude toward risk capital. This ex-
ample has much to offer to the United States coal 
industry today, in that technology was the key to 
the United States competitiveness in the world oil 
trade. 

First solving coal's problems at home, as it was done 
in the oil business, we must develop a new genera-
tion of coal technologies for use here at home 
before we can successfully export them. For ex-
ample, It is surprising that California, our largest 
energy consuming state, 	 burns almost no coal,
domestic or foreign. The same is to a lesser extent 
true of New England and Florida. How can the 
United States coal industry expect Its full share of 
world markets, when some of Its best domestic 
markets have yet to be fully served?

It	 is	 wrong to	 single	 out	 the	 coal	 industry for 
blame,	 since United	 States' lag in	 innovation	 is not 
limited to one Industry.	 if	 the United States	 oil in-
dustry	 were at	 the same	 stage today	 as	 It	 was in 
1950,	 it	 is doubtful	 that	 it	 would again	 forge the 
kind of world leadership	 that	 it did.	 We simply no 
longer have the entrepreneurial risk-taking	 spirit we 
once had, a large	 factor in the current lapse in in-
novation and technology.	 Part of	 this	 is	 our tax

structure, and part of it is our investment and 
savings climate.	 As a result, corporate America 
sacrifices its future to maximize the present. Al-
most none of our industries, much less the coal in-
dustry, would make investments in research and new 
technology that won't make returns for ten years. 

Therefore, the message is that coal technologies vill 
have a very special national strategic importance. 
If coal is the only transitional fuel capable of span-
ning the gap between present overdependence on 
petroleum until the more renewable sources of the 
next century can take over, then research and 
development work on coal technologies is already 
behind the curve. If truly coal must go through a 
refining step, as does oil, then we are already late 
In developing the processes. 

The coal industry itself will have to become more 
Involved In downstream risk-taking investments, if It 
is going to be a part of the sequence of steps that 
will ultimately lie between it and the marketplace. 

For all industries, and the engineering firms and 
manufacturers that serve them, It is time to join in 
working toward a common goal; to process coal so 
that each can have clean component products from 
the refining of coal, at consistent quality and effi-
cient costs. It will ultimately be better to process 
coal so that each industry can have the coal frac-
tion it needs in the way that a barrel of oil Is 
carved up in refineries to serve many industries. 
Total refining of coal will be the most efficient use 
of all components from coke and carbon, to clean 
fuels	 for	 combustion	 turbines,	 plus	 a
range of chemical feedstocks. 
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ECONOMICS 

SUELL/EPRI ECONOMIC STUDIES ON SHELL GASIFIER 
SUMMARIZED 

Shell Oil Company believes that the first opportunity 
to commercialize the Shell Coal Gasification Process 
in the United States will occur in conjunction with 
electric power generation, probably in the rnId1990s. 
In parallel wit), its extensive research and develop-
ment program on coal gasification, Shell has been 
working with electric utilities for several years on 
commercial applications of the technology. Studies 
on coal gasification combined cycle (CGCC) power 
generation, utilizing the Shell Coal Gasification 
Process, have been carried out with a number of 
electric utilities, and five of those studios were 
sponsored by the Electric Power Research institute 
(EPRI).	 Results of the EPR1-sponsored studies were
recently summarized by Shell. 

Study Locations 

The first of these studies involved Northeast 
Utilities, United Engineers, General Electric, Shell, 
and EPRi looking into repowering Northeast's Devon 
Station located near Milford, Connecticut. 	 The 
second study evaluated expansion of PEPCO's 
Station H at Dickerson, Maryland. PEPCO, Fluor, GE, 
EPI1I and Shell were the participants in this study. 
A grassroots addition to Florida Power and Light's 
(FPL) Martin Station, located just east of Lake 
Okeechobee in southern Florida, was the third study. 
It was completed by FPL, Fluor, GE, EPRI, and Shell. 
This study had a second case which looked at siting 
the gasification portion of the project at Martin and 
the combined cycle at Fort Lauderdale (97 miles 
away) an an alternative to both portions being at 
Martin. 

The fourth study was of an addition to the Virginia 
Power Chesterfield Station located south of Rich-
mond, Virginia. Virginia Power (VP), Bechtel, GE 
EPRI, and Shell were the participants. Finally, Bal-
timore Gas and Electric (BG&E), Bechtel, GE, EPRI 
and Shell studied an addition to BG&E's Perryman 
Station in Maryland. 

Each of these studies required two to three years 
and cost at least a half million dollars. As an in-
dication of the level of detail involved, heat balance 
closure on intake versus outturn of less than 
0.5 percent was required. The studies were site 
specific which means that existing infrastructures 
were different. All of the studies looked at nominal 
400 megawatt plants except for the Northeast study 
which was a nominal 640 megawatt size. All of the 
studies included the use of the Shell Coal Gasifica-
tion Process coupled to two or three of General 
Electric's Model 7001F advanced combustion turbines. 

CGCC Block Diagram 

The simplified block flow diagram shown in Figure 1 
is typical for the Shell CGCC plants studied. The

plant Includes facilities to receive, store, and 
reclaim the coal. The reclaimed coal then is milled 
and dried before it Is conveyed into the gasifier 
using nitrogen. Oxygen, as required in the gasifica-
tion process, is fed to the gasifier from an air 
separation plant.	 The gasifier produces a medIum 
BTU gas (rinG), superheated steam, and slag. 

FIGURE 1 

SIMPLIFIED BLOCK FLOW DIAGRAM 
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The medium medium STU gas Is cooled by raising superheated 
steam. The cooled gas then undergoes dry particu- 
late removal and is scrubbed with water before 
passing to a sulfur removal column which uses a 
solvent to absorb the hydrogen sulfide. The sulfur 
removed from the gas is converted to liquid elemen-
tal sulfur In a Claus plant. The clean medium 
BTU gas is then sent to the combustion turbines. 
The exhaust gas from the combustion turbine passes 
to a heat recovery steam generator which generates 
superheated steam that is fed to a steam turbine 
along with the superheated steam which was genera-
ted directly in the gasifier. 

Input variables 

The five EPRI studies included a wide variety of in-
put variables some of which are summarized in 
Table 1. The first two of the studies had the 
gasification plant integrated with the power block 
steam system.	 The other three did not integrate 
the two sections of the plant. Ambient tempera-
tures varied from 59 0 to 95 0 F. Each of the studies 
premised a different coal, although they were all 
from the central and northern Appalachia regions. 
The BTU contents varied from 11,000 to 13,300 BTU 
per pound, sulfur contents ranged from one to 
greater than three percent, and ash contents from 
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as lu': as seven to as high as 15 percent were con-
sidered.	 Some of the coals required the addition of 
flux to control slag viscosity. Two alternate coals 
were also looked at as sensitivity cases in each of 
the studies. 

Plant Performances 

Some of the more important aspects of the plant 
performances from the five studies are presented on 
Table 2. The percent of sulfur removed from the 
feed coal varied from 05 to 99 percent depending 
on the requirements of the utility company. The 
heat rates for the plants range from the FPL study 
low of 8,798 to the Northeast Utilities 9,864 BTU

per kilowatt-hour. The poorer heat rate in the 
Northeast study is directly related to the use of ex-
isting steam turbines at the Devon station which 
were not as efficient as new turbines. The overall 
thermal efficiency	 for the studies came out near 
38 percent. The NO5 and SO emissions from the 
Shell CGCC plants were as shown. The reason that 
76 parts per million NO X values appear is because 
this level of NO 5 emission was the existing New 
Source Performance Standard at the time of the 
studies. Combined cycle technologies no'v appear to 
be able to achieve lower NO emissions. 

The cold gas efficiency for each of the studies 
came out very close to 80 percent. 

TABLE 1 

SUELL/EPRI STUDIES INPUT SIJSSART 

NE PEPtO FPL VP BG&E 

Integrated N Y N N 
Ambient Teip (°F) 59 88 95 90 90 
Coal Data Source Pitts	 8 W. Mary W.	 Vir. C. Appa Pitts 
lillY (BTU/lb) 13,394 11,000 13,250 12,770 12,650 
Sulfur	 (Wt %) 3.26 2.50 3.20 1.00 2.95 
Ash (Wt %) 7.2 15.0 7.0 9.6 11.0 
Coal Feed (ST/U) 5,688 3,719 3,054 3,220 3,312 
Oxygen Feed (ST/0) 5,110 2,847 2,541 2,609 2,515 

Also did a nonintegrated second case 

TABLE 2 

PLANI PERFORMANCES 

NE PEItO FPL VP BG&E 

S Removal (%) 99 95 99 98 99 
Heat Rate BTU/kWh 9,864 8,963 8,798 8,868 9,101 
Overall Elf,	 (%) -- 38.1 38.8 38.5 37.5 
No	 (Pjn) - 75 75 75 75 
SOX (Ppn) -- 56 12 9 12 
Cold Gas Eff (%HHY) 80.0 79.2 80.5 81.2 81.0 

Gasification Plant 
Raw Water Intake (G1xn) -- -- 188 1,319 1,283 
Treated 1120 (Gpi) -- 257 247 245 316 
Slag/Flyash (ST/U) 421 594 248 403 400 
Sulfur	 (LT/D) 160 69 76 27 76 
Carbon Cony (%) 99.0 99.0 99.0 99.0 99.0

Cast Summaries 

The air separation plant incorporated In the CGCC 
plant is a big consumer of power. It alone ac-
counts for as much as 50 of the 60 to

70 megawatts of power shown on Table 3 as being 
consumed Internally within the nominal 400 megawatt 
CGCC plants. Future designs would very likely In-
clude means to reduce this air separation plant con-, 
sumption. 
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TABLE 3 

CAPITAL (ST SUWMRIKS 

NE PEPcO FPL VP BGE 

Gross Power	 (Fill) 757 450 441 447 449 
Power Cons (MW) 113 70 58 65 65 
Net Power	 (MW) 644 380 383 382 384 

Labor 
Const Wage Rate ($Ihr) -- 17.92 16.00 12.00 16.13 
Productivity Factor' -- .9375 .9375 .90 .90 

Coats ( 1 87	 ) 
Total Direct Field Cost 674 341 350 338 347 
Indirect Field Cost 127 73 65 91 96 
Home Office, Tax, 	 Fills 48 60 83 54 56 
Contingency 246 58 65 59 65 
Total Plant	 Inv. 1,095 532 563 542 564 

5/KW 1,700 1,400 1,470 1,419 1,472 

'Versus United States Gulf Coast 

The total plant investment cost In dollars per 
kilowatt fell In the $1,400 to $1,475 range for all 
the studies except for the Northeast case, which 
was higher mainly because of a much higher contin-
gency element and a spare gasifier. 

A breakdown of the direct field costs between the 
various major portions of the total CGCC plant Is 
given in Table 4. 

An attempt was made to estimate the operating 
costs for the CGCC plants designed for each of the 
five studies. The resulting cost data in Table 5 
show that the staffing philosophies of the host

utilities varied widely as did their definitions for 
what parts of costs should be classified as fixed or 
variable or, for that matter, which costs were 
operating versus variable. Since the analyses showed 
that these CGCC plants were going to dispatch right 
behind existing nuclear plants if operating costs fell 
anywhere within the range of costs suggested by the 
various participants, more detailed consideration of 
this subject did not occur. Shell believes that 
operating and maintenance costs of $18-$20 million 
per year are appropriate for the 400 megawatt plant 
staffed by approximately 30 people per shift. Vari-
able costs of less than one mill per kilowatt-hour 
also seem appropriate. 

TABLE 4

COST BREAEIXW4S 

NE	 PEPQO	 FPL	 VP	 RG&E 

Costs ('87	 )
Combined Cycle 214. 113 123 121 101 
Coal Ree/Dry/Grd 28 27 27 23 40 
Oxygen Plant 103 45 46 39 44 
Gas Cleanup/Sat 26 11 10 13 15 
Gen. Facilities 89 62 64 62 60 
Gasification 214 82 80 80 87 
Total Dir.	 Fld. Cost 674 341 350 338 347 
Indirects 127 73 65 91 96 
Hone Office 43 58 65 51 54 
Sales Tax 2 - 15 1 - 
Init.	 Fills 3 2 2 2 2 
Contingency 246 58 65 59 65 
Total Plant Inv. 1,095 532 563 542 564
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TABLE S 

OPERATING WETS 

NE PEPCO FPL VP BOSE 

Operators/Shift 36 18 31 27 31 
ON,! Costs ($M/Yr) 
Oper. Labor 3,660 5,440 10,442 8,760 11,112 
Maint. Labor 6,300 1,300 9,144 9,686 8,030 
Maint. Mall. 9,600 5,097 13,721 14,528 9,026 
Adm. Labor - 2,740 5,874 780 0 

19,560 14,577 39,181 33,734 28,168 

Var. Costs (Mills/kwh) 
Oper. Labor -	 - .300 - - 
Maint. Labor -	 .521 .262 - 1.295 
Maint. Mat!. -	 1.021 .394 - 3.578 
Mm. Labor -	 - .169 - 
Cat. & Chem. -	 0.601 .619 1.224 0.813 
Sulfur -	 0.093 -.657 -0.334 -0.785 

-	 2.236 1.087 0.890 4.901

Alternate Coals 

Each of the studies evaluated the use of two alter-
nate design coals. 

The conclusion reached Is that, despite using coals 
of significantly different sulfur and ash contents, the 
power output, efficiency, heat rate, and operating 
costs of the Shell CGCC plant are not very dif-
ferent. The capital cost changed by about three 
percent which Is too little to be significant against 
a $360 million base cost. 

Seinitivitlos 

The five studies were site-specific and as such were 
completed around sets of premises that were ap-
propriate for the particular site.	 Other sites may 
have different premises. 	 Furthermore, developments
since the studies were completed have improved the 
attractiveness of these CGCC plants. The size of 
the CGCC plant also is important. For example, the 
base 400 megawatt case for the FPL study had a 
capital cost of $1,470 per kilowatt. The FPL study 
also looked Into the economies of scale one could 
expect if 800 megawatts or 1,600 megawatts plants 
were built. An estimated capital cost for the 
800 megawatt plant of $1,232 per kilowatt and 
$1,088 per kilowatt for the 1,600 megawatt plant 
resulted. 

In the area of recent developments, the combustion 
turbine rated power output performance being quoted 
by GE has gone up. In addition, oxygen producers 
have Improved their cost and performance estimates 
for 2,600 ton per day plants. If the $1,470 per 
kilowatt capital cost for the FPL 400 megawatt base 
case is adjusted to Incorporate these updated turbine

and oxygen plant expectations, the capital cost es-
timate comes down to $1,353 per kilowatt. 

If a utility were. to build the CGCC plant at a site 
where coal receiving, etc., facilities already existed, 
and where an electric switchyard existed, and where 
the turbines did not need to be in a building, and 
where natural gas could serve as a backup fuel in-
stead of the distillate oil used in the FPL study, the 
cost would be reduced to $1,249 per kilowatt. If 
the plant were built in a state where sales tax was 
not payable, the cost would be reduced to 
$1,213 per kilowatt. If the plant were built using a 
construction labor productivity factor of 1.00 instead 
of the 0.9375 used in the FPL case, the cost would 
be reduced to $1,194 per kilowatt. A plant con-
structed utilizing open shop construction labor might 
cost $10.25 per hour Instead of the $16.00 per hour 
union wage rate used In the FPL study. This lower 
construction wage rate would reduce the cost to 
$1,086 per kilowatt. And, finally, if the project 
were built in an area where removing 90 percent of 
the sulfur in the coal were acceptable instead of 
the 98 percent In these studies, the cost would 
come down to $1,079 per kilowatt. 

If the facility were to utilize two gasifiers instead 
of three for the 400 megawatt plants, as was done 
In these studies, the capital cost of the CGCC plant 
would be reduced by $26 per kilowatt. Another vi-
able option is to eliminate many of the spares in-
chided in parts of the plant where widely used 
Items have not caused reliability problems in other 
applications.	 The cost of these spares equates to 
$46 per kilowatt.	 - 

If a set of circumstances/conditions existed such 
that all of the above favorable factors could be in-. 
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chided, a $1,007 per kilowatt total plant investment 	 even tower Installed costs. Tabulation of these son-
coat for a 400 megawatt Shell CGCC plant would 	 sitivities Is given in Table 6. 
result.	 As discussed above, larger plants would have 

TABLE 6 

CAPITAL 0)8? SENSITIVITIES 

Change 

Base Case FPL Study - 400 r,1W 563 1,470 
800 MW 946 1,232 

1,600 MW 1,671 1,088 
Latest Cr & 02 Performance 564 1,353 
No Coal Receiving/Ct Bldg/Switchyard 

Use NO Backup 521 1,249 
No Sales Tax 506 1,213 
Productivity 1.0 vs 0.9375 498 1,194 
Open Shop $10.25/hr vs 16.00/hr Union 453 1,086 
90968 vs 98%8 Removal 450 1,079 
2 vs 3 Gasifiers 439 1,053 
Eliminate Spares 420 1,007

CHEMICAL BYPRODUCTS FROM 0CC PLANTS COULD BE 
HIGHLY PROFITABLE 

The	 Electric	 Power Research	 institute's	 (EPRI)
M. J. Gluckman says that potential coproduction of 
chemicals could be a strong economic selling point 
for coal gasification combined cycle (0CC) power 
plants in the future. 

Studies conducted by EPRI and a number of electric 
utilities have shown that 0CC plants would be cost 
competitive with other coal conversion technologies 
such as pulverized coal combustion and fluidized bed 
combustion systems. However, because 0CC plants 
are different from conventional steam-electric power 
plants, it Is Gluckman's opinion that the electric 
utility industry will favor the construction of the 
more conventional plants except in situations where 
the unique environmental advantages or the phased 
construction benefits of coal gasification-based plants 
are necessary. It takes more than cost-
competitiveness to encourage an industry to adopt a 
"new" technology. In order to warrant developing a 
different Infrastructure to manage a new technology, 
the new system should have the potential not only 
to provide short-term benefits (i.e., environmental 
control in a cost-effective manner) but should also 
provide an opportunity for significant longer-term 
economic gains. 

Gluckman's premise is that coal gasification technol-
ogy has the potential to offer the electric utility 
industry a unique opportunity for future business 
development and financial benefits.

Ctvro(bcual of Chend1 Products 

It is of critical importance to realize that gasifica-
tion differs from all other technologies for convert-
ing coal to electricity. All other coal-based tech-
nologies involve converting coal directly to thermal 
energy.	 Gasification with oxygen, on the other 
hand, converts coal into an intermediate syngas 
which can either be converted to thermal energy by 
combustion or can be utilized to synthesize a host 
of organic chemicals and/or fuels by any one of a 
number of commercially demonstrated processes. The 
flexibility added by converting coal to syngas which 
can either be burned for power generation or con-
verted into valuable chemical products provides the 
owners of coal gasification facilities with a unique 
opportunity to expand their business horizons. 

Why should the electric utility Industry consider 
coproducing chemical products in a power plant? 
Some of the major incentives according to Gluckman 
are:

Electricity must be produced on demand and 
cannot be stored in large quantities. Utility 
plants that are needed during periods of 
peek demand must run at reduced capacity 
or be shut down during low demand periods. 
In a 0CC plant, the capacity factor on the 
costly gasification section of the plant can 
be significantly Increased If the syngas 
produced when the power plant is operating 
is converted into a valuable chemical 
byproduct for sale. 
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- Producing	 electric	 power	 and chemical
products brings together the operations of 
two major industries. Chemicals-producing 
CCC plants provide the opportunity for a 
synergistic cooperation between these two in-
dustrial entities. 

From a national point of view, coproduction 
of electricity • and chemicals from coal will 
move the United States closer to the goal of 
hydrocarbon self-sufficiency. 

A partial listing of coal-based chemical plants that 
are currently operating is shown in Table 1. 

Syngas-Based Chemicals 

There is an extensive literature on the conversion of 
syngas to useful chemical products. Table 2 
provides n list of 12 major syngas-based chemical 
products, their current selling prices and annual con-
sumption in the United States. For these 
12 products, annual consumptions range from one 
million to 340 million tons and market prices range 
between $100 per ton and $1,230 per ton, it Is 
also apparent from Table 2 that for some of these 
chemical products, by using only 25 percent of the 
syngas capacity from a single 400 megawatt CCC

plant, a significant fraction of the annual United 
States requirement would be supplied. However, in 
total it can be seen that the potential for a 
chemicals-from-coal market is enormous. 

Coproduction of Chemicals In a CCC Plant 

The general concept for coproduction of chemicals in 
a gasification combined cycle power plant as 
proposed by Gluckman is based on the following 
scenario: Consider a 400 megawatt CCC plant 
designed to fire high sulfur bituminous coal, if such 
a plant were owned by a regulated utility, it would 
be operated at an average capacity factor of ap-
proximately 65 percent. This would require turning 
down the gasification plant and/or shutting down 
gasification trains at various times. Instead of 
turning down or shutting down gasification trains 
when power demand Is low (generally at night), the 
gasification system could be operated at full 
capacity and the syngas generated could be con-
verted into a chemical product. This would require 
cycling capability for the chemical synthesis plant. 

Under these conditions, the capacity (and therefore 
the cost) of the gasification plant would be fixed. 
All that would have to be added to the anticipated 
cost of the CCC power plant would be the cost of 
the chemical synthesis facilities. 

TABLE 1

WAL BAS	 ICAJ. PLAflS 

Technology Owner Location Product Output 

Lurgi SASOL South Africa Fuels, Chemicals 15,000 tons/day 
products 

Lurgi Great Beulah, Natural Gas 137 million scfd 
Plains North Dakota 

Lurgi China Beijing, China Ammonia 1,100 tons/day 
National 

CT AECI South Africa Aimonia/Methanol 1,200 tons/day 

CT Fertilizer India Ammonia 2,000 tons/day 
Corp. of 
India 

Texaco Tennessee Kingsport, Acetic Anhydride 700 tons/day 
Eastman Tennessee 

Texaco Ube Ube City, Annonia 1,000 tons/day 
Industries Japan 

Texaco Ruhrkohle Oberhausen, Oxo Chemicals 40,000 m3/hr 
West Germany 

H. T. Rheinische Berrenrath, Methanol 37,000 m3/hr 
Winkler Braunkohl- West Germany 

enwerke
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TABLE 2 

SY?CAZ-RASEDEflIICALS 

Selling %of U.S. Capacity 
Price U.S. Capacity Produced by One 

Chemical Won Tons/Year 400 MW (Lt Piant.fAI. 

Octane	 (CH3 ) 2 (CH 2 ) 6 (Gasoline) 200 340,000,000 0.04 
Natural Gas Gil4 96 340,000,000 0.03 
Ammonia NH 3 105 16,440,000 1.90 
Ethylene C2 114 260 16,350,000 0.79 
Hydrogen H 9 1,230 5,000,000 1.10 
Methanol CA3OH 87 4,800,000 6.07 
Ethanol C 2 1150H 397 3,380,000 6.19 
Ethylene tlycol	 (C112011) 2 440 2,100,000 16.25 
Acetic Acid CH OOH 360 1,400,000 29.49 

ëII3 QYDQI:CH, Vinyl Acetate 440 800,000 32.60 
Acetic Anhydride (CHa(X)),O 680 785,000 44.71 
(a)Based on 25% of the syngas capacity of a 400 F4V plant 

As an example, consider a 400 megawatt CCC power 
plant based on a Texaco coal gasifier and employing 
two General Electric Model 7001F gas turbines. This 
plant would have a heat rate of 9,000 BTU per 
kilowatt-hour and would cost approximately 
$1,400 per kilowatt in constant 1987 dollars and 
would operate at a 65 percent capacity factor. 
Based on data from Cool Water and other coal 
gasification plants, it Is assumed that the gasifica-
tion section of the plant could be operated at a 
90 percent capacity factor, i.e., 25 percent of the 
time it could be generating syngas. 

For a general economic analysis, It was assumed that 
the cost of building a syngas conversion plant Is 
$15,000 per daily barrel of product. It was also 
assumed that the actual installed capacity of the 
chemical plant must be three times the average 
daily production rate (approximately 3,000 barrels per 
day) as it only operates at part load most of the 
time, i.e. the chemical plant was assumed to have 
an installed capacity of 9,000 barrels per day at a 
cost of $15,000 per daily barrel. 

Figure 1 Is a plot of the impact of chemical selling 
price and coal-to-chemical conversion efficiency 
(mass bests) on the required selling price for 
electricity, e.g., for the base case CCC plant with 
no chemical production, the required levelized selling 
price for electricity in constant 1987 dollars would 
be 54.7 mills per kilowatt-hour. Figure 1 shows 
that for a coal-to-chemical conversion efficiency of 
60 percent and a chemical selling price of $250 per 
ton, the cost of electricity could be decreased from 
54.7 mitts per kilowatt-hour to 36.8 mills per 
kilowatt-hour, a 33 percent decrease in revenue re-
quirements, while maintaining the same return on 
equity. Comparing the results in Figure 1 with cur-
rent chemical price data in Table 2 indicates the 
potential profitability of this type of coproduction 
scheme.

FIGURE 1 
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This method of economic analysis Is extremely 
simplistic and has been used purely for demonstration 
purposes. It assumes that all of the benefit due to 
chemical production will be passed on to the rate 
payer (electricity customer). This would of course 
provide very little incentive to the utility stock-
holder to invest In such a facility. 

If	 it	 Is assumed that for the previous example, i.e., 
60	 percent	 coal-to-chemical conversion	 efficiency 
and a chemical selling price of	 $250	 per ton, half 
of	 the cost	 of	 electricity	 benefit would be passed 
on	 to the	 rate	 payer	 and	 the	 other	 half	 of the 
benefit could be	 provided	 to the	 stockholder, then 
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fluidizing gas In the mild gasification vessel and as 
a fuel source for the char heater. 

the after tax return on the incremental investment 
in the chemical production plant would be 39.1 per-
cent. 

Giuckrnan concludes that	 as	 the price	 of liquid and 
gaseous	 hydrocarbon fuels	 increases,	 a significant 
economic benefit	 of GCC	 systems	 will be	 derived 
from	 the capability of	 these	 plants	 to profitably 
coproduce chemical products. 

SYSTEMS STUDY SHOWS MILD GASIFICATION TO RE 
ATTRACTIVE 

Morgantown Energy Technology Center (METC) has 
carried out an economic analysis showing that mild 
gasification of coal could have several benefits. 

The system analysis of a conceptual, commercial-
scale mild gasification process was performed to es-
tablish cost ranges and sensitivities of this technol-
ogy for the production of alternate fuels from coal. 
A conceptual process design was developed, mass and 
energy balances were calculated with the use of the 
Advanced System for Process Engineering (ASPEN) 
process simulator, and an economic assessment with 
a corresponding sensitivity study was performed. 

Process Description 

The major plant sections and process streams of the 
conceptual mild gasification plant are depicted in 
Figure 1.	 Plant size is one million tons per year, 
dry basis, of bituminous coal. Liquid production Is 
815,000 barrels per year based on a liquid yield of 
15 weight percent of dry coal. Gas produced in the 
process is internally consumed for char heating and 
steam generation.	 Net char production is 
722,000 tons per year. The design yields and 
product properties are not direct results from the 
operation of a specific process; rather, they reflect 
METC's view of a typical mild gasification plant 
operating with a bituminous coal. The coal 
properties and the estimated yields and properties of 
the liquid, char, and gas from the mild gasification 
reactor are listed in Table 1. 

This assessment was based on fluidized-bed technol-
ogy. Raw coal is ground and sized in the coal 
preparation section of the plant. Sized coal is fed 
to lockhoppers that discharge the coal into the first 
fluidized bed. Hot char is recycled from the second 
fluidized bed to provide the heat necessary to raise 
the coal from ambient conditions to devolatilization 
temperature (1,000 0 17) in the first bed. Steam 
transports the coal and recycle char from vessel to 
vessel.

The gas produced in this process is cleaned of par-
ticulates and	 cooled	 in the	 liquid recovery section 
to	 condense	 the heavier hydrocarbons	 that	 are	 then 
sent	 to storage.	 Water condensed In	 this section Is 
sent	 to the waste water treatment plant. The gas 
exiting the	 liquid	 recovery section Is	 used both as

FIGURE 1 
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The char that is recycled to the mild gasification 
vessel is heated by combustion of the non-
condensible gas to a temperature of 1,500°F in the 
char heater. In the heat recovery section, gases 
from the char heater are burned to produce steam 
for use internally In the process and for cogenera-
tion power. In order to meet environmental regula-
tions, the products of combustion are sent through a 
flue gas desulfurization unit.	 Nitrogen oxide emis-



sions are assumed to be no problem due the 
pseudo-staged combustion of the gas. In the char 
cooling section, the char is sprayed with water and 
cooled sufficiently for storage and eventual transport 
to market. 

The major marketable products of this process are 
char to be used as solid fuel, coal-derived liquid 
and electricity. Additional processing may be re-
quired to upgrade the char and liquid products to 
make them more suitable for other markets. These 
additional processing steps were not Included in the 
base design, but their effect and the effect of 
premium product prices on the profitability of mild 
gasification were considered in the economic sen-
sitivity study. 

Economic Analysis 

The process economies were estimated for the con-
ceptual commercial mild gasification plant of 
Figure 1. The technology was assumed to be in a 
mature status, i.e., this design would represent the 
nth commercial plant--not a "first of a kind." The 
capital investment and plant economics are sum-
marized in Table 2. The capital cost was estimated 
for each process section.	 No process contingency.
was included since this design Is for a mature tech-
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TABLE 1 

FED) AND PRODUCT ANALYSES 

Pittsburgh 
#8 Coal Char Gas Liquid 

Proximate Analysis (Dry) 
96 YM 35.9 8.0 - - 
% FC 56.8 81.9 - - 
% Ash 7.3 10.1 - - 

Ultimate Analysis (Dry) 
• Carbon 74.5 76.9 69.5 84.9 
• hydrogen 6.0 4.6 9.3 9.2 
• Nitrogen 1.6 1.8 1.0 1.2 
96 Sulfur 1.7 2.0 1.8 0.5 
96 Oxygen 8.9 4.5 18.3 4.3 

% Moisture Content (as rec'd) 10.0 <1 - - 
HIIY (WflJ/lb, Dry) 13,760 13,600 14,000 16,000 -	 18,000 
% Product Yields* (Dry) - 72 9 15 

*4 percent water yield on a dry basis 

TABLE 2 

BASE CASE (DST SIWART
(Fourth Quarter 1986 Dollars) 

Coal Feedrate, Tons/Year as Received 	 1,100,000 

Capital Costs, Million $ 
Process Plant 83.5 
Project Contingency 11.6 
Working & Startup Capital 10.2 

Total Capital Requirarent 105.3 

Coal Liquids Pro1ct Costs lOi$/Yr $/flbl 
Coal, $1.00/1	 BTU HHV 27.5 33.7 
Operating Expenses 11.7 14.4 
By-Product Credits, Paver 0 $0.05/kWh (4.4) (5.4) 
Co-Product Credits, Char 0 s1.00/10 6 Bit) LillY (19.6) (24.1) 
Capital Recovery 14.0 17.2 

Total Required From Coal Liquids 29.2 35.8

nology. Project contingency, which represents an al-
lowance for items missed in the scope of the design, 
was included as a straight 15 percent of the process 
plant cost. Finally, an allowance for working capi-
tal, startup costs, and other miscellaneous items was 
included. 

The price for the coal liquids was calculated as 
shown in Table 2. For the purpose of this analysis, 
the price of the coal liquids is the sum of the 
feedstock, operating expenses, by- and coproduct 
credits and an allowance for capital recovery. 	 A

coal cost of $1.00 per million BTU was assumed, 
which Is consistent with the marginal cost of coal 
production for many eastern mines. The operating 
expense for the plant includes the operators' wages, 
fringe benefits, maintenance labor and materials, of-
fice personnel salaries, property taxes and insurance, 
and waste disposal costs.	 A byproduct credit for
the net production and export of electricity is in-
cluded. For the base design economic analysis, a 
conservative coproduct credit was taken for the char 
product, based on the same price as the feed coal 
price on a BTU basis. 
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A 15 percent return on equity was used for all of 
the cases. A nine percent interest rate on debt 
was assumed, along with an annual Inflation rate of 
four percent per year. 	 The equity traction of the 
capital structure is 60 percent. Based on these 
financial assumptions, the capital recovery factor is 
13.3 percent per year. An aggressive company wish-
ing to pursue this technology may choose to finance 
the mild gasification plant with a greater amount of 
debt. In this situation, the required selling price of 
the coal liquids could be reduced about four dollars 
to $32 per barrel If the equity fraction were 
reduced to 25 percent. 

As shown In Table 2, the price of the coal liquids 
for the base case is over $35 per barrel. This 
price Is clearly not competitive with current 
petroleum prices, which are less than $20 per barrel. 
However, this price Is competitive with other syn-
thetic fuels projected prices. 

While the mild gasification process yields coal liquid 
for about the same price as other synthetic fuel 
processes, the mild gasification plant is less than 
one-tenth their size. The smaller sized plant has an 
obvious advantage in that an energy company could 
Invest In a smaller plant, risking far less capital, 
and still have an economically competitive synthetic 
fuel plant. Alternately, If the mild gasification 
plant were built on a larger scale, the unit costs 
would be significantly reduced due to economies of 
scale. A coal company might Invest In a large-scale 
mild gasification plant to utilize its full potential 
mining capacity and to diversify Into new markets 
with the coal-based products. 

Furthermore, mild gasification has other potential ad-
vantages which were highlighted in a sensitivity 
study. For example, the value of the char was 
conservatively valued at the same BTU price as the 
parent coal. However, the char can be upgraded 
Into higher value products, such as metallurgical 
coke, which commands a price of approximately 
$100 per ton. Some of the heavy coal liquids could 
also be re-combined with the char and pelletized 
into metallurgical coke. 

Sensitivity analyses were performed to determine the 
change in the price of the coal liquid for various 
product prices and liquid yields. Figure 2 shows the 
price of the coal liquid varying from about $46 per 
barrel for a yield of 0.6 barrel per dry coal ton, to 
about $31 per barrel for a 1.0 barrel per ton yield, 
which Is the estimated maximum liquid yield from 
the bituminous coal used In the METC study. 

Figure 3 shows the effect of obtaining a premium 
char price on the price of coal liquids. The base 
case represents simply a "floor" or reference point 
for this process with the char valued at the same 
price on a BTU basis as the coal feedstock. The 
two parametric curves above the base case allow 
additional capital to be added to the mild gasifica-
tion plant to perform char upgrading that may be 
required to obtain a premium char price. The 
middle curve shows the effect on coal liquid price 
If 50 percent more capital is added to the plant (or

a	 total	 of	 150 percent	 of	 the base	 case capital), 
and the highest curve shows the effect	 if 100	 per-
cent	 more	 capital investment	 is necessary (or	 the 
plant investment Is	 doubled).

FIGURE 2 
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As can be seen in Figure 3, the required selling 
price of the coal liquids drops rapidly as the price 
obtained for the char product Is increased. For the 
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base case, a char selling price of about $40 per ton 
would make the product liquid comparable with the 
current prices of crude oil. The required selling 
price of the product liquid goes negative for char 
prices above $65 per ton, a not unreachable goal 
considering that the price of metallurgical grade 
coke is $100 per ton. Even allowing a doubling of 
plant capital to accommodate significant char 
upgrading does not make the economics unreasonable. 
For example, about $70 per ton of upgraded char 
translates to a coal liquid product price of $20 per 
barrel. This figure clearly shows the potential for 
the mild gasification process to achieve viable 
economics when the revenues for the total product 
slate are maximized. 

One possible mild gasification scenario is the retrofit 
of an existing power plant or the integration of a 
proposed power plant with a mild gasification plant. 
Figure 4 illustrates the coupling of a mild gasifica-
tion plant with an integrated gasification combined 
cycle unit to produce power. Such a process com-
bination would have several synergistic effects. The 
mild gasification unit would not have to include a 
char cooling section, since the char could be 
directly fed hot into the gasifier. Other duplication 
of process units (e.g., coal preparation, gas desul-
furization) could be avoided to reduce the cost of 
the total system. This would also improve the ther-
mal efficiency of both processes. Furthermore, the 
mild gasification char has a higher reactivity than 
the parent coal which should improve performance of 
the gasifier. The liquids would be sold as chemical 
feedstock or stored for use in peaking power ap-
plications. 

Another scenario involves the addition of a mild 
gasification plant at a mine site. This approach is 
applicable to both eastern and western coals;

however, there are distinctive advantages to using 
western coals. For a high moisture subbitumino,ts 
coal, the mild gasification plant generates char that 
has a greater heating value per pound than that of 
the parent coat, primarily due to the reduced mois-
ture content. Consequently, transportation costs are 
reduced for the char (or blend of char and coal), 
which my increase the geographical marketing area 
for that mine. Due to its increased reactivity and 
heating value, it is possible that the char would be 
of higher value for energy applications than the 
parent coal. Additionally, the lower sulfur levels in 
western coals minimize the processing required to 
meet environmental regulations. 

As summarized by M gFC's J. Klara, the study shows 
that when a conservative price for the solid product 
equal to the BTU price of the parent coal was as-
sumed, the resulting raw liquid selling price was 
$36 per barrel. This situation serves as a "floor" or 
reference point for this process, and although the 
liquid selling price Is not competitive with current 
petroleum prices, mild gasification economies are at 
least comparable to other synfuel processes such as 
coal liquefaction and oil shale retorting. Further-
more, the char has characteristics which make it 
capable of potentially serving a higher valued 
market. If the char can be upgraded at a 
reasonable cost and sold in a premium priced 
market, such as metallurgical coke or electrode car-
bon, the process economics are greatly enhanced. 
Unusual price premiums are not required for the 
char in order to make the price of the coal liquid 
comparable with current crude oil prices. METC 
believes the introduction of mild gasification tech-
nology will facilitate the penetration of coal-based 
liquid, gaseous, and solid products from coal into all 
sectors of the economy. 

FIGURE 4 
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TECHNOLOGY 

GREAT PLAINS OPERATING PROBLEMS CORRELATED 
WITH LIGNITE PROPERTIES 

The Great Plains Gasification Plant (GPGP) produces 
substitute natural gas (SNG) from North Dakota lig-
nite. Plant SNG sales began July 28, 1984. Plant 
operation has been very successful, achieving produc-
tion rates over 112 percent of design. The current 
plant SNG capacity is 155 million standard cubic 
feet per thy which requires about 17,500 tons per 
day of lignite.	 This level of production was 
achieved by instituting rigorous blending procedures 
to optimize the lignite feed characteristics. Early 
In the plant operation gasifier performance was ob-
served to change significantly during constant plant 
operating conditions. At times severe ash clinkering 
caused poor gas distribution in the gasifier bed and 
reduced 5MG yields from lignite and oxygen. At 
other times the SNC yields dramatically increased or 
decreased when no gasifier bed problems were ob-
served. Lignite quality variation was thought to be 
the cause of these gasifier performance changes but 
could not be verified in proximate, ultimate, and ash 
fusion temperature analyses. 

Starting in 1986, GPGP and University of North 
Dakota Energy and Mineral Research Center 
(IJNDEMRC) studied the lignite feed to the gasifiers 
to determine the lignite quality parameters that im-
pact gasifier performance. 

According to C. Gruber of GPGP, the study identified 
high sodium coal as the primary cause of clinkering 
via a low temperature sodium aluminosilicate eutec-
tic. The cause of the dramatic SNG yield changes 
was not clearly Identified. 

Lignite is gasified in 14 Lurgi Mark IV fixed bed 
gasifiers. Lignite is batch fed Into the top of the 
gasifiers about every eight minutes to maintain a 
minimum bed level. The lignite is heated by coun-
tercurrently flowing gas as it travels slowly 
downward In the gasifier. 

Gasifier control is based on temperature measure-
ments at the lignite Inlet, ash outlet and gas outlet. 
Lignite is added to the gasifier to keep the lignite 
Inlet temperature within a specified range. Ash is 
removed to maintain constant ash outlet and gas 
outlet temperatures, which in turn, maintains the 
combustion zone location in the gasifier within a 
specified range.	 Oxygen addition sets the gasifier 
design rate. Steam addition rate and steam and 
oxygen temperature determine the hottest tempera-
ture in the gasifier which Is In the combustion zone. 
This peak temperature is controlled such that suffi-
cient ash melts to form pebble size clinkers, but not 
large clinkers that cannot be removed from the 
gasifier and which block gas flow in the bed. Fine 
ash is produced when the peak temperature Is below 
the ash melting point. Fine ash Is also unacceptable 
because of poor steam and oxygen distribution and

excessive resistance to rotation of the grate that 
distributes the steam and oxygen. 

Gasifier performance is also sensitive to lignite size 
distribution, shape and friability. As the lignite 
fines content (fraction smaller than one-fourth of an 
inch) increases, local fluidization occurs in the 
gasifier bed causing gas channeling and cnrry-over 
of lignite with the gas leaving the top of the bed 
which plugs downstream equipment. During early 
plant operation, problems with crushing, storing and 
screening the lignite led to high fines contents 
which required gasifier rate reductions. 

Over a two year period, coal and ash samples were 
studied. The samples represented conditions of typi-
cal, low and high 5MG yields and excessive clinker-
ing. Analyses performed on these samples included 
petrography, size and shape, friability, clinkering, 
char reactivity and chemical and mineral composition. 
The objective of this study was to determine 
relationships between the lignite quality parameters 
and lignite gasification performance. 

Size and Shape 

Lignite to the gasifiers was sampled every four 
minutes, screened to determine the size distribution: 
0.25 inch, 0.25 to 0.50 inch, 0.50 to 0.75 inch, 
0.75 to 1.0 inch, one to two Inches and two inches. 
Samples from each size range were classified Into 
four shape categories: disk, cube, blade and rod. 
The 0.75 inch size fraction is mostly disk shaped 
and originates in the upper two to three feet of 
the lignite seam.	 Large cubes originate from the 
lower halt of the seam.	 These relationships vary
slightly throughout the mine. 

Gasifier operating problems in 1985-1986 correlated 
about 75 percent of the time with 0.25 to 0.50 inch 
and 0.75 to 1.0 inch size fractions and the com-
posite sample ash content. 	 These parameters are 
related to the inertinite	 maceral content of the 
coal. Inertlnite Increases coal friability and 
promotes breakup into disk shapes which are more 
easily entrained In the gas exiting the gasifier. 
After the size study, changes were made to achieve 
blending In the mine and in the gasification plant to 
reduce the peak concentrations of the undesirable 
small size fractions. In particular, live coal storage 
operation was changed to blend by size. The 
0.50 inch size fraction was reduced by increasing 
screen openings and rejecting more of this size 
fraction from the gasifier feed. Reject material is 
added to the fines stream used by the Antelope Val-
ley Power Station. 

Friability 

Drop shatterbox tests showed the 0.75 to 1.0 inch 
and 0.25 to 0.50 inch size fractions to be the most 
friable. The size fraction above one inch Is harder 
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and tends to break off small edge and corner pieces 
versus breaking apart into equal size pieces. A 
friability index was calculated by dividing the fines 
content (size fraction less than 0.25 inch) after the 
drop shatterbox test by the fines content before. 
This index ranged from 1.0 to 2,5 with an average 
of 1.2. Disk shaped particles had the highest flier-
miii friability index. 

Friability was also found to increase dramatically at 
the ends of the lignite seams due to weathering and 
in areas of low overburden where water has con-
tacted the lignite. This coal now is typically sent 
directly to the Antelope Valley Power Station where 
pulverized coal is used for steam generation. Also, 
mined lignite degrades by oxidation in ambient air, 
thereby becoming more friable. Mining and coal 
handling procedures have been implemented to mini-
mize the negative impact of aging. 

Clinkering 

Samples of lignite taken during excessive clinkering 
were found to contain higher than average sodium 
concentrations. X-ray diffraction analyses of these 
clinkers showed nepheline, a sodium-aluminum silicate 
(Na 2 0-Al203 -2S10 2 ). Nqheline is associated with 
fouling deposits in coal combustion systems and is 
formed as a recrystallization product of a sodium 
rich aluminosilicate glass. Nepheline formation is 
associated with a low temperature eutectic at 
1,350 0 F. Since this is well below the peak gasifier 
temperatures of 2,100 to 2,200°F, all sodium in-
timately in contact with aluminosilicate will form 
nepheline. Gasifier gas outlet temperature Increases 
with gas channeling in the gasifier bed due to 
clinkering. Gasifier outlet temperature correlates 
very closely with lignite ash sodium content, In-
creasing proportionately as the lignite ash sodium 
content increases above eight percent by weight. 

Clinkering is a major concern in gasifier operation 
because of decreased SNG yields, decreased gasifier 
operating rates and increased gasifier downtime 
needed to repair damage and remove major clinkers 
by jackhammer. The economic impact of clinkering 
is substantial enough to warrant close monitoring of 
the sodium in the lignite and blending in the mine 
and in the gasification plant. The Freedom Mine 
lignite varies from zero to 15 percent by weight 
sodium in the ash.	 Blending now maintains the 
sodium content below eight percent by weight. 

Chemical and Mineral Analyses 

Chemical and mineral analyses were performed on 
four samples of low and high SNG yield lignite. 

Microscopic examination showed the high SNG yield 
samples to contain more anhydrite (CaSO 4). Clays, 
sulfide and quartz contents showed no correlation. 
The highest SNG yield sample contained the highest 
calcium aluminosilleate content. The other high SNG 
yield sample contained less calcium aluminosilicate 
than one of the lowest SNG yield samples but con-
tained the highest potassium aluminosilicate content. 
The highest SNG yield sample had the highest total

content of calcium	 alu,ninosilicate and potassium 
aluminosilicate. The lowest SNO yield sample had 
the lowest total content of these two mincrals. 
Other components were highly variable and showed 
no correlation with SNG yield. Alkaline metals such 
as potassium, calcium and sodium are known to 
catalyze lignite gasification.	 The mineral analyses
Indicate catalysis by calcium anti potassium may 
determine the SNO yield from lignite. The limited 
number of samples analyzed and the variability of 
the analytical results make this a suggestion rather 
than a conclusion, according to Gruber. The 
analyses did not show a correlation between sodium 
content and SNG yield. However, plant operation at 
times has shown increased SNG yield correlated with 
increases in lignite sodium until the sodium content 
was high enough to cause excessive clinkering which 
decreased the SNO yield. 

It appears that additional analyses of high and low 
SNG yield lignite samples are needed to clearly 
define the role of alkaline metals in catalyzing lig-
nite gasification. Lignite additives to minimize the 
negative impact of sodium and to increase SNG yield 
are also of interest.

nfl 

AIR BOTTOMING CYCLE FOR COAL GASIFICATION 
PATENTED 

United	 States	 Patent	 4,785,621,	 issued	 to
E. D. Adderson and W. M. Farrell, and assigned to 
General Electric Company, describes an air bottoming 
cycle for a coal gasification plant. 

The invention relates, In general, to power plants 
which utilize coal gasification to produce fuel gas 
for a gas turbine. 

In an integrated coal gasification power plant, a gas 
turbine is fired by means of coal gas which Is 
Produced in a coal gasification plant. Normally such 
a plant Is combined with a steam turbine plant to 
operate in a combined cycle mode: i.e., a con-
figuration which utilizes steam and gas turbines to 
produce a power output. However, in such plants 
there are losses associated with the use of power to 
drive a compressor to provide air to the oxygen 
plant. Another consideration relates to the use of 
nitrogen gas which is a byproduct of the production 
of oxygen in the oxygen plant. Some processes will 
simply exhaust the nitrogen to atmosphere. Some-
times, air to the oxygen plant will be supplied by a 
bleed from the gas turbine driven compressor and 
nitrogen reinjection Into the combustor will be at-
tempted In order to compensate for the loss in mass 
flow. 

According to the present invention, the supply of air 
is generated from a compressor which is driven 
through an air bottoming cycle. In an air bottoming 
cycle a supply of waste gas is used to heat a 
counter-flowed supply of compressed air, and the 
heated air is used to drive an air turbine which, in 
turn, drives the air cycle compressor. 
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Referring to Figure	 1, a gas turbine power plant In-
cludes	 a power plant	 main compressor	 driven	 by a 
gas	 turbine.	 A plurality	 of combustors, only one of 
which	 is shown, provide hot motive	 fluid	 to	 the gas 
turbine.	 Fuel for	 the	 gas turbine	 power	 plant is 
derived from a coal gasification plant. 

FIGURE 1 
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The air bottoming cycle (ABC) part of the overall 
plant Includes an air-driven turbine and first and 
second air cycle compressors, both of which are 
driven by the air turbine shaft. An intercooler Is 
provided between the first and second compressors 
and includes a heat exchanger exemplified by a 
motor driven air fan. The purpose of the Inter-
cooler between the compressors In the air bottoming 
cycle is to reduce compressor work and to provide 
more nearly isothermal compression so that the com-
pressed air is at a low temperature thereby enabling 
a maximum recovery of waste heat from the exhaust 
of the gas turbine. 

Hot air to the air turbine is provided through a 
combustorless process which employs a heat recovery 
heat exchanger (HRHE). Cycle compressor discharge 
air is Input Into the URHE counter-current to the 
gas turbine discharge air.

Air for the oxygen plant	 is supplied through a bleed 
from the second air cycle	 compressor discharge line. 
It should be noted that this is not a bleed from the 
main power plant	 compressor and that the air cycle 
compressor is	 driven	 off	 of	 what	 heretofore	 has 
been a waste gas flow having a relatively low heat-
big	 value. If the oxygen plant operates at	 a pres-
sure higher than the coal gasification plant then no 
boost	 compressor is	 required In	 the	 oxygen	 line	 but 
some boost will be	 required In the nitrogen line.	 If 
the oxygen plant	 operates	 at	 a pressure	 below	 that 
of the coal gasification plant,	 then a boost compres-

sor may be more appropriate in the output of the 
oxygen plant. 

A second valuable result of an air bottoning cycle 
is the disposal of the nitrogen gas back into the air 
flow through the URHE and hence Into the air tur-
bine, thereby utilizing the compression work. In ad-
dition, because the air cycle is basically an unfired 
cycle there Is no stoichiometric restraint with 
respect to the reinjection of the nitrogen back into 
the compressor discharge flow. 

In summary, the air to feed the oxygen plant is ex-
tracted from the air bottoming cycle either above 
gasifier pressure or by use of n boost compressor. 
The rejected nitrogen is reintroduced Into the bot-
toming cycle before the heat recovery exchanger 
which produces little effect on the bottoming cycle 
pressure ratio. In addition, since there is no com-
bustion In the bottoming cycle, the diluent effects 
of nitrogen as an inert are of no consequence. 
There Is still opportunity to perform heat recovery 
for steam generation as a supplementary or parallel 
function.

### # 

SUBBFI1JMINOUS COAL TESTED IN CHEMCOAL PROCESS 

The ChemCoal Process uses chemical methods to 
transform coal into clean solid and liquid products. 
The process Is a low-severity conversion of coal in 
a phenolic solvent using an alkali promoter and car-
bon monoxide as a reductant. Nominal reaction 
temperatures and pressures are less than 360 0 C and 
2,000 pounds per square inch, respectively. The 
University of North Dakota Energy and Mineral 
Research Center (EMRC) has tested the process in a 
continuous process unit (CPU). The original research 
focused primarily on using Indian Head lignite. In 
an effort to expand the EMRC ChemCoal data base, 
a continuous test was recently performed using 
Wyodak subbituminous coal. Results were reported 
by J. R. Hindi at the Fifteenth Biennial Low-Rank 
Coal Symposium. 

The EMRC CPU consists of five functional areas 
preparation, solvation, solid separation, liquid extrac-
tion, and distillation. The tests were performed 
with consistent recycle solvent (I.e., solvent that had 
been through the process at least two times). The 
CPU was operated In a single-pass mode during this 
test sequence. 

The ChemCoal Process uses a phenolic solvent, an 
alkali promoter, carbon monoxide as the reductant, 
and methanol as the partitioning solvent. For these 
tests, Wyodak subbituminous coal and meta-, para-
cresol were mixed in a ratio of one part coal to 
two parts solvent to form the feed slurry. Sodium 
hydroxide served as the alkali promotor and was 
added as a percentage (usually five weight percent) 
of the moisture- and ash-free (MAF) coal fed to the 
system. 
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The data from the sample analyses as well as the 
mass and material balances were entered into a 
computer, and an analysis of variance was performed 
to formulate mathematical models describing the ef-
fects of changes in temperature, pressure, residence 
time, caustic loading, and gas flow rate on each of 
the experimental responses. 

The computer-formulated models describe the product 
liquid and gas flow rates, components of the product 
gas, product solubility in hot phenolic solvent and 
tetruhydrofuran (POUTUF), conversion of moisture and 
ash free feed to desired product, and liquid product 
water content.	 Four assumptions were made with 
respect to these response variables: (1) the ash 
present In the feed slurry consisted of that present 
In the coal plus the NaOH added to the feed slurry, 
(2) ash was not lost, (3) the sodium left the system 
as sodium carbonate or sodium bicarbonate, and 
(4) the responses to the data would be first or 
second order only. 

The model equations were integrated into a mass-
balanced flowsheet, and yield structures based upon 
the models were calculated for changes in tempera-
ture, pressure, slurry feed rate, gas flow rate, and 
caustic loading. The model enabled theoretical 
material balances to be calculated for system condi-
tions that were not Investigated during the testing 
sequence. For each variable under consideration, the 
conditions were held constant at their center point 
values (345 0 C, 1,750 psig, 300 grams moisture and 
ash free coal per hour, 15 standard cubic feet per 
hour of gas in, and caustic loading of five weight 
percent, moisture and ash free).	 The results of
these calculations were plotted. 

Temperature Effects 

As temperature Increased, the overall conversion in-
creased, as shown in Figure 1. The production of 
coal-derived liquid (CDL) also increased at tempera-
tures °a up to 3500C. At higher temperatures, the 
extra cojiversion was lost to gas production. It was 
also found that less of the CO charged to the sys-
tem waF reacted or consumed as the temperature In-
creased. This is shown In Figure 2. 

Prare Effects 

Figure 3 shows that both conversion and CDL 
production increased as the pressure increased. The 
production	 of	 hydrocarbon	 gases	 consistently 
decreased as the pressure increased. Taken 
together, the data indicate that the decrease in the 
production of hydrocarbon gases is due to the fact 
that less CDLs are gasified at higher pressures. 
Minimum carbon monoxide and hydrogen utilization 
efficiencies occurred at approximately 1,800 and 
2,000 psig, respectively. The hydrogen utilization 
efficiency was defined as H 2eff = 1 - (moles H2 
produced per moles of CO consumed). 

Rffllthnce Time Effects 

Changes in the residence time were made by varying 
the liquid flow rate, i.e., the moisture and ash free

coal charged into the system. As the liquid flow 
rate Increased (residence time decreased), the con-
version decreased slightly and the CDL production 
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increased. The yield of hydrocarbon gas decreased 
as the residence time decreased. As would be ex-
pected, it was also found that the utilization ef-
ficiency of CO and H 2 increased as the residence 
time decreased. 

Gas Flow Rate 

The gas flow rate • was a secondary variable and was 
only varied during tour run periods. Results of mass 
and material balances based upon the model indi-
cated that the gas flow rate affected only the 
hydrogen utilization efficiency. 

Caustic Loading 

Caustic loading was also a secondary variable with a 
limited number of data points. The results of the 
four run periods during which the caustic loading 
was varied indicated that as the caustic loading was 
increased, conversion and CDL production increased. 
This Is shown in Figure 3. 

Predicted Dasirable Caiditiin, 

Based upon the results of the model-derived material 
balance, a prediction was made with respect to the 
system conditions that would produce the most 
desirable yield structure. The criteria for selection 
of a desirable yield structure are as follows in or-
der of importance: 

- Overall conversion 
- Yield of CDLs 
- Yield of hydrocarbon gas 
- H9 utilization efficiency 
- CO utilization efficiency 
- Low system operating parameters

The predicted yield structures for two sets of 
operating parameters are summarized in Tables 1 
and 2. Predicted conversion ranged from 74 to 99 
percent. The best ratio of conversion to COLs was 
obtained at 74 percent conversion. 
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TABLE 1 

PRIMICrED CUMNMAL Ti &D SCflJRZ
(Set 1) 

Tesipereture 380°C Mass Closure	 102% 
Pressure 2,500 psig Conversion	 99.02% 
MY Coal In 500 gin/hr Gas and Water	 -5.97% 
Gas Flow Rate In 15 scfh (ZLs	 89.46% 
Caustic In 8 wt% M4F Ash	 8.07% 

Gas	 mi Gas Qit: 
15,000 scfh 16.670 scfh 

H9 2.3gmThr 
184.7 gui/hr 

aB S 0.1 gm/hr 
C 2 0.3 gm/hr 
C, 0.7 gm/hr 

S ±d ondhr 
Total 531.1 gin/hr 632.6 gin/br 

Slurry In: Slurry Out: 

M&F Coal 500.0 giui/br 4.9 gm/hr 
Solvent 1,484.8 gin/hr +U)Ls 1,912.1 gm/hr 
Added H20 80.9 gm/hr 122.8 gm/hr 
Added No 50.6 gin/hr 
Ash 47.0 gm/hr 128.0 g./hr 
Moisture 173.2 
Total 211E5 gin/hr 2,187.8 gin/hr

4-31	 SYNTHETIC FUELS REPORT, JUNE 1989 



Gas In:

1125 
C2 

Total 

Gas Out: 
14.828 seth 
0.7 gm/hr 

83.8 gm/hr 
0.0 gm/hr 
0.2 gm/hr 
0.2 gm/hr 

461.0 gm/hr 
545.9 gm/hr 

15,000 scfh 

531.1 gm/hr 
5317.1 gm/hr 

TABLE 2 

PREDICTED YIELD STRUCTURE 
(Set 2)

Temperature 3450C Mass Closure 100% 
Pressure 1,000 pslg Conversion 74.0796 
htF Coal	 In 300 gm/hr Gas and Water -8.89% 
Gas Flow Rate In 15 scfh CDLs 73.81% 
Caustic In 8 wt% MAP Ash 6.07%

Slurry In: 

MAF Coal 
Solvent 
Added 1120 
Added Na 
Ash 
Moisture 
Total

300.0 gm/hr 
878.9 gm/hr 
48.6 gm/hr 
30.3 gm/hr 
28.2 gm/hr 

103.9 gm/hr 
1,389.9 gm/hr

Slurry thL!. 

77.8 gm/hr
+Q)Ls 1,100.3 gm/hr 

111.0 gm/hr 

76.8 gm/hr 

1,365.9 gm/hr 

TEXAS LIGNITE TESTED AT WII.SONVILLE 

One of the most recently completed runs at the Wil-
sonville, Alabama Advanced Coal Liquefaction 
Research and Development Facility is Run 255, which 
involved initial screening of operating conditions for 
the liquefaction of a Texas lignite. Results from 
this run were presented at the Energy Technology 
XVI Conference. 

The Wilsonville facility has been In operation since 
1974 to develop alternative technologies for the 
production of low cost liquid fuels from coal. This 
facility Is now the only integrated pilot-plant ac-
tively testing new concepts in coal liquefaction in 
the United States. The United States Department of 
Energy (DOE) and the Electric Power Research In-
stitute (EPRI) are the primary sponsors of the 
project. 

A close-coupled integrated two-stage liquefaction 
(CC-ITSL) mode, completed in 1985, was an important 
development. The close-coupled process consists of 
the 11-011 ebullated-bed reactors connected in se-
quence, followed by a ROSE-SR unit to extract the 
mineral matter and unconverted coal from the resid. 
A supported hydrotreating catalyst is used in the

second reactor, while the first stage can be 
operated in either a thermal or a catalytic mode. 
As the name implies, in the CC-ITSL mode, the two 
reactors are connected directly without any pressure 
letdown. Interstage heating or cooling is done only 
to the extent to control the second stage reaction 
temperature. Such close-coupled operation offers 
several process benefits, such as an increased overall 
thermal efficiency, a reduced potential for retrogres-
sive reactions which take place in the absence of 
hydrogen at longer residence times, and an improved 
product quality over previously tested reaction 
modes. 

The complete process consists of a slurry preparation 
step and two reaction stages followed by a 
hydrotreated solvent recovery system and a solids 
rejection (ROSE-SR) system. 	 The process is in-
tegrated by recycling the ROSE-SR resid, 
hydrotreated solvent, and low-pressure flash bottoms 
containing ash, unconverted coal, hydrotreated resid, 
and hydrotreated solvent to the slurry preparation 
unit. Solids recycle allows an increased concentra-
tion of solids in the ROSE-SR feed and, hence, a 
lower ROSE-SR feed rate. The solvent recovery sys-
tem consists of both atmospheric flash and vacuum 
flash equipment. 	 An interstage separator can be 
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used between the two reactors to remove the water, 
gases, and light hydrocarbon products. The recycle 
distillate is fractionated in a vacuum tower to 
reduce the light ends in the recycle solvent. 

Run 255 

Lignite Is a low-rank coal with high moisture and 
oxygen contents that Is difficult to convert without 
an externally added slurry catalyst and typically has 
low liquid product yields. Having made considerable 
progress in the development and optimization of the 
liquefaction process with bituminous and sub-
bitumenous coals, initial testing of the liquefaction 
of lignite was undertaken. In Run 255, a Texas lig-
nite commonly referred to as Martin Lake lignite 
was tested at Wilsonville. 

The primary objective of Run 255 was to screen 
conditions for the CC-ITSL system unit operability 
for lignite processing. Bench-scale testing completed 
by Kerr-McGee indicated that, because of the high 
reactivity of the lignite-derived resid and the nature 
of the lignite ash, it would be difficult to operate 
the ROSE-SR unit. To counteract the effects of the 
lignite-derived resid and ash, two precautionary 
measures were taken to minimize ROSE-SR opera-
tional difficulties: first, the run-of-mine coal was 
cleaned, and second, the run was started by using a 
mixture of lignite and bituminous coals to provide 
enough resid for ROSE-SR operations. 

Lignite Cleaning 

About 500 tons of lignite from the Becicville mining 
area of the Texas Utility Mining Company were 
cleaned at EPRI's Coal Cleaning Test Facility in 
Homer City, Pennsylvania. 

The +3/8 fraction was suspended in water containing 
fine iron ore particles and sent to a 14-inch 
diameter heavy-media cyclone. The -3/8 x 100 mesh 
particles were slurried and sent to a concentration 
table. The coal from the heavy-media cyclone and 
the concentration table was then sent to various 
types of dewatering equipment such as centrifuges. 
Due to the cleaning, the moisture-free ash content 
of coal was reduced by about 40 percent, from 
19.4 to 12 weight percent. 

Run Readla 

Run results are summarized in Table 1. 

Initially, Run 225 was performed In the thermal-
catalytic mode. The coal feed was mixed with 
process solvent and slurry dried in the slurry

preparation tank.	 Because of the limited capacity 
of the slurry drying system, the coal feed rate was 
limited to approximately 300 pounds per hour. In 
order to obtain high space velocities, the first stage 
was operated at 50 percent volume and the second 
stage was charged with only 220 pounds of 
Shell 324 catalyst (50 percent of normal catalyst 
charge). The interstage separator was used to 
remove the gases and some light distillate from the 
first stage products. 

Run 225 started with a 75 percent lignite, 25 per-
cent Ohio No. 6 coal feed blend, a process solvent 
with 40 percent resid and 12 percent cresol in 
solubles (Cl), and first and second stage reactor 
temperatures of 810°F and 740 0 F, respectively. 

Iron oxide (2.0 weight percent of moisture free 
coal), along with dimethyl disulfide as a sulfiding 
agent, was used as a slurry catalyst. The Initial 
coal conversion was approximately 89 percent; after 
solvent equilibration, the coal conversion decreased 
to 84 percent. Increasing the first stage tempera-
ture from 810 to 825°F and again to 840°F and 
lowering the second stage temperature to 730°F In-
creased the coal conversion of the 85 percent lig-
nite, 15 percent Ohio No. 6 coal blend to a maxi-
mum of 91-92 percent. When an "all-lignite" feed 
was introduced to the process, the coal conversion, 
C4 ± distillate yield, and organic rejection were ap-
proximately 90 percent, 49 percent and 18 percent, 
respectively. The resid yield was approximately 
seven percent, which indicated that the severity of 
the second stage reaction conditions could be in-
creased further. 

During the catalytic-catalytic test, 100 pounds of 
Amocat 111 was charged to the first stage for test-
ing as a possible catalyst for lignite liquefaction. 
The first-stage temperature was limited to 810 0 F be-
cause of possible rapid catalyst deactivation at 
higher temperatures. Severe operating problems were 
encountered because of the low coal conversions 
(less than 85 percent) obtained with Amocat 111. 

Product Quality 

One positive result from Run 225 was that the boil-
ing range of the lignite-derived product was lower 
than the usual boiling range of products resulting 
from the liquefaction of other coal feed stocks. 
For period 255k, only one weight percent (on mois-
ture and ash free coal) 650 0 F+ distillate solvent was 
produced in excess of the amount required for 
recycle needs. In period 25511, the amount of 
650 0 F+ distillate solvent produced was eight weight 
percent less than the amount required for recycle. 
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TABLE I

LIWEFACF1G4 OF LIGNITE RESULTS 

Run No. 255.4 2556 255C 

Ci Lignite Lignite Lignite 
Coal Feed Rate (lb/hr) 303 294 295 
Solvent-to-Coal Ratio 2.3 2.3 2.3 
First Stage Volurm (%) 50 50 50 

Process Solvent, Wt % 
Resid 24.1 24.6 20.8 
Cl 25.9 18.3 19.3 

Catalyst 
Iron Oxide (%MF Coal) 2.0 2.0 2.0 
Second Stage Catalyst Shell	 324 Shell	 324 Shell	 324 

Average Taip (F) 
First Stage 840 840 855 
Second Stage 730 730 730 
Space Velocity, 
Second Stage 
(lb feed/hr	 lb cat) 4.3 4.2 3.8 

Catalyst Age 
(lb	 resid-'-Cl/lb cat) 1,700 3,030 3,320 

Yield Data (Wt % MAP) 
Water 13.7 15.2 12.5 
H2S	 W	 NH 3 10.0 8.7 10.6 
C1-C	 Gas 7.6 7.6 10.3 
C4 +	 istallate 49.0 50.1 47.5 
Resid 6.8 2.6 0.4 
Organic Rejection 18.4 21.5 24.3 
H2 Consuaption -5.5 -5.6 -516 
Coal Conversion 89.3 88.2 87.9 
Energy Rejection (%) 24.7 27.3 29.1
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INTERNATIONAL 

VERY HIGH ASH COALS GASIFIED IN INDIA 

A paper by K. K. Iyengar of the Indian Council of 
Scientific & Industrial Research, and given at the 
Fifteenth Biennial Low-Rank Fuels Symposium dis-
cussed gasification tests carried out on several 
high-ash Indian coals. 

The use of high ash Indian coal for power genera-
tion causes considerable breakdown in the grinding 
and combustion steps. It is expected to lead to 
lower availability of plant with increased environ-
mental pollution. Integrated Gasification Combined 
Cycle (IGCC) for power generation from coal Is con-
sidered to be more energy efficient and causes less 
environmental problems due to lower fly ash, NO 
and sulfur emissions. 	 Consequently, a long-term
research and development program on coal gasifica-
tion has been undertaken In India,	 including
beneficiation and coal slurry transportation. 

Coal Characterization 

A bulk of the reserves In India consists of low 
grade coal of medium to high ash content. With in-
creased mechanization and mining of lower seam 
coals, a large quantity of undersize coal with high 
ash content is being produced every year. 
Moreover, large quantities of middlings from the 
washeries are also available. 

Besides the presence of shale and dirt	 bands In the 
coal	 seams,	 these	 coals are	 also characterized by 
high Inherent ash where the	 mineral	 matter is finely 
dispersed in the organic matrix. Proximate and ul-
timate	 analysis	 of	 some high	 ash coals,	 which are 
presently	 under	 consideration	 for gasification, are 
shown in Table 1.

GIficaticm in Moving Bed 

A number of experiments were carried out in a 
24 ton per day moving bed gasifier designed to 
operate at pressures up to 24 kilograms per square 
centimeter. The gasification sections consist mainly 
of a gasifier, a scrubber-cooler arranged on top of 
a waste heat boiler and an alter cooler. The 
gasifier is a double walled alloy steel vessel of 
welded construction. Steam is raised at the system 
pressure in the annular space between the walls. 
There is no refractory lining inside the gasifier. 
The raw gas, with tar vapors, dust and gas-liquor 
leaving the top of the gasifier, is cooled in a direct 
quenching scrubber with recirculated tarry gas-liquor 
from the waste heat boiler sump. 	 Gas-liquor from
the tar, oil, gas-liquor separator is also sprayed in 
the scrubber cooler. The scrubbed raw gas along 
with gas-liquor passes down the central tube in the 
waste heat boiler which is a shell and tube type 
heat exchanger. 

Three types of coals with ash ranging from 15 per-
cent to 35 percent were gasified in the moving bed

gasifier continuously for a period of five days after 
the gasifier was stabilized.	 The characteristics of 
the coals are given in Table 2. 	 For all the coals 
the following observations were common: 

- Increase	 in	 gasifier	 pressure	 from 
10 kilograms per square centimeter to 
24 kilograms per square centimeter increases 
the higher heating value of the raw gas by 
about eight percent 

- The methane yield	 (cubic meters per 
kilogram of coal) increases with pressure 

- The specific gas throughput (cubic meters per 
square meter shaft area per hour) increases 
with pressure 

- The cold gas efficiency Increases with higher 
pressure 

- The	 consumption of oxygen	 and	 coal	 as 
kilograms per	 million kilocalories	 shows	 a 
decreasing trend when the	 pressure	 is	 raised 
from	 10 to	 24 kilograms per	 square	 cen-
timeter 

- The percent CO + 11 2 in crude gas decreases 
with increase in pressure due to more 
methane formation 

- The yield of tar + oil decreases with in-
creasing pressure 

- Carbon conversion shows an increasing trend 
with pressure 

These experiments showed that moving bed gasifiers 
should be operated at high pressures. 	 Comparative 
analysis	 of	 the	 gasification	 performance	 at
20 kilograms per square centimeter for the three 
coals is made in terms of calorific value of raw 
gas, yield of gas, methane yield, carbon conversion 
and cold gas efficiency. The following broad obser-
vations were made by comparing the results given in 
Table 2. 

-	 The calorific value of the	 raw	 gas	 does not 
change with ash in the coals 

- The	 yield	 of	 raw	 gas	 measured	 as	 cubic 
meters per kilogram increases with	 lower ash 
levels,	 although	 on	 dry	 ash	 free	 basis the 
raw gas yield is constant 

-	 Methane	 formation	 Increases	 with	 higher ash 
coals 

-	 Carbon	 conversion,	 decreases	 slightly	 as ash 
level in coal increases 

-	 Cold	 gas	 efficiency,	 as	 measured	 by the 
chemical	 energy	 In	 the	 raw	 gas	 as	 a per-
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TABLE I 

OF SIZE INDIAN GOALS FOR GASIFICATION 

Coal Field: 
Colliery: 

Proximate (at 40 0C and 
60% RH) Wt % 

Moisture 
Ash 
VT'l

North Karapura	 Korba	 Singrauli	 Taleher	 lb-Valley 
Ashok/Piparwar	 Dipkn	 Bina	 Gopal Prasad Gopaipur 

5.0-9.0	 6.0-8.0	 6.0-8.0	 6.0-8.0	 5.0-8.0 
22.0-48.0	 33.0-43.0	 40.0-45.0	 40.0-50.0	 40.0-50.0 
23.0-29.0	 25.0-28.0	 25.0-28.0	 22.0-26.0	 27.0-26.0 

Ultimate (DAli, Wt % 
Carbon 
Hydrogen 
Nitrogen  
Sulfur 

Gross Calorific Value 
(lillY), Kcal/Kg 

Ash Fusion Temps. °C 
Softening Point 
Hemispherical Point 

llardgrove Grinthbi lity 
Index:

	

81.0-82.0	 80.0-82.0	 78.0-81.0	 79.0-82.0	 79.0-82.0 

	

4.8-5.0	 5.0-5.2	 4.6-5.1	 5.2-5.6	 4.7-5.2 

	

1.6-1.7	 1.5-1.6	 1.6-1.8	 1.8-1.9	 --

	

0.6-0.7	 0.6-0.7	 0.4-0.7	 0.7-0.0	 --

3,000-5,700 3,500-4,300 3,300-3,700 2,900-3,700 2,900-3,700 

1,190-1,230 1,180-1,210 1,120-1,220 1,100-1,260 1,030-1,200 

	

1,400	 1,400	 1,400	 1,400	 1,400 

52-58	 52-60
	 50-60	 50-60	 45-55 

TABLE 2

GASIFICATION PERFX1MANCE IN 24 TN) flWI?C B) GASIFIER 

Coal A Coal B Coal C 

Coal Characterization 
Moisture % 5 3 11 
Ash% 30 23 17 
Volatile Matter % 27 28 30 
Fixed Carbon 38 45 42 
Calorific Value of 

coal KCaI/kg 4,571 5,357 6,117 
Ash Fusion Characteristics 

Initial Deformation 
Temperature °C 1,300 1,360 1,360 

Hemispherical Point °C >1,400 >1,400 >1,400 
Flow Point °C >1,400 >1,400 >1,400 

Ash Composition 
5102 % 56 53 
Al 203 % 23 25 34 
Fe203 % 9 14 7 
CaO% 6 6 8 

Calorific Value of Raw 
Gas Kcal/nm 2,880 2,900 2,700 

Yild of Raw Gas 
N-ne /kg Coal 1.45 1.62 1.80 
It 3 /kg daf Coal 2.2 2.2 2.2 
Methane Yield lt,3 /kg Coal 9.5-12.5 9.5-11 5.8-9.5 
Carbon Conversion % 92.5 93.0 93.6 
Cold Gas Efficiency % 84 86 88
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centage of energy of coal, decreases as ash 
level in the coal increases 

The above observations lead to the conclusion that 
use of high ash coats in a moving bed gasifier does 
result in lower gasification performance. There is a 
two percent decrease in cold gas efficiency for 
every five percent increase in ash. Further experi-
ments are planned In the 24 ton per day moving bed 
gasifier with coal containing over 40 percent ash. 
The gasifier performance will be compared with the 
same coal after beneficiation to reduce the ash con-
tent to around 25 percent. 

Gasification in Entrained Bed 

An investigation with high ash coals and washery 
middlings in a laboratory scale entrained bed gasifier 
showed that with Increases in ash percent in the 
feed coal, oxygen consumption increased while ther-
mal efficiency and carbon conversion efficiency 
decreased. These studies provided the basic data 
for setting up commercial entrained bed gasifiers for 
ammonia production operating at atmospheric pres-
sure. 

Each of these plants has three gasifiers with four 
burner heads. The capacity of each gasifier is 
35,000 cubic meters per hour of raw synthesis gas 
containing 83 to 86 percent Co + 11 2	 The ash
level in coal feed to the gasifiers is 34 percent on 
an average basis.	 This has resulted in abnormal 
wear and tear in the grinding and ball mills due to 
the abrasive nature of the coals. The high dust 
carryover, some of which gets deposited on the tube 
wails, reduced heat transfer. Furthermore, there are 
frequent failures of tube wail faces on account of 
erosion due to high ash loading. 

Ga,ificati.m in Fluidized Bed 

Experiments were also carried out in a one ton per 
day fluidized bed gasifier under various operating 
conditions. The results show that with an increase 
In ash from 25 to 40 percent, the cold gas ef-
ficiency decreases by about 12 percent. 

Temperatures above 900 0 C were found to adversely 
affect both the higher heating value of the gas as 
well as the thermal efficiency, while there was 
some increase in gas yield, suggesting that fluidized 
bed gasification operates well between 850 0 and 
900°C. 

Effect of A&. on Gailfier Peflmance 

The above discussion leads to the conclusion that 
technologically it would be possible to gasify high 
ash coals by all three processes: moving, entrained 
and fluidized bed gasification. However, there are 
penalties in terms of lower efficiencies and higher 
consumption of coal and oxygen when high ash coats 
are used instead of low ash coals in these 
processes. 

In terms of cold gas efficiency the relative perfor-
mance deteriorates from moving bed to fluidized bed

to slurry entrained bed. In the moving bed, the 
higher amount of energy used in heating coal, 
oxygen and steam with high ash coals is transferred 
to the upper regions where this energy promotes 
devolatillzation and gasification. Due to low exit 
temperatures, less heat is lost in the raw gases. 
Hence the cold gas efficiency continues to remain 
high even with higher quantity of high ash coals. 

With a dry entrained bed, part of the thermal 
energy required to heat input materials is recovered 
as enthalpy in high pressure steam. The energy 
used In heating and melting the slag is lost. Hence 
the cold gas efficiency is lower with high ash coals. 

The reason for poorer	 performance in	 the fluidized 
bed	 gasifiers with	 high	 ash	 coals is	 due to	 the 
higher	 loss	 of carbon	 in	 the	 fly	 ash and	 slag. In 
addition,	 there is higher percentage of heat loss due 
to	 the	 present state	 of	 equipment design. These 
two factors	 cause greater reduction in	 cold gas	 ef-
ficiency with high ash coals.

In the case of a slurry entrained process, n substan-
tially higher proportion of energy is used up in 
evaporating and super heating the steam to the 
reaction temperature. in addition, the energy re-
quired for melting ash and flux is also large with 
high ash coals. 	 This causes a greater decrease in 
cold gas efficiency. High cold gas efficiency is 
desirable to convert the coal energy into a more 
useful form of chemical energy of the raw gas. 
Nonetheless, the steam generated during gasification 
should also be considered. Furthermore, the energy 
equivalent of by-products such as tar, 	 oil etc. 
should also be taken into consideration. Another 
gasifier performance index called the overall gasifier 
efficiency, enables a better comparison of the be-
havior of gasifiers with high ash coals. The overall 
gasifier efficiency is defined as the ratio of the 
sum of chemical energy of the raw gas and all the 
useful byproduct enthalpies such as the enthalpy of 
the high pressure steam, heat content of hydrocarbon 
liquids produced, if any etc., to the energy content 
of coal gasified and the enthalpy of external steam 
used, if any. The predicted gasifier performance for 
the various processes using high ash coals was: 

Moving Bed, Dry Bottom	 96% 
Moving Bed, Stagger	 92% 
Fluidized Bed	 88% 
Entrained Bed, Dry Feed	 90% 
Entrained Bed, Slurry Feed	 88% 

The moving bed shows the least deterioration in per- 
formance due to high ash content. The overall ef-
ficiency of the dry entrained bed decreases by 
10 percent with high ash coals, while the slurry 
entrained and fluidized bed gasifiers decrease by 
12 percent in efficiency. It was concluded that the 
penalty for using high ash coals in gasification is of 
the order of 10-15 percent in comparison with low 
ash coals. The economies of beneficiation may use 
this as an incentive. 
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P-CIG PROCESS READY FOR SCALEUP 

The Pressurized-Coal Iron Gasification process (P-dc) 
Is based on the injection of pulverized coal and 
oxygen into an iron melt at overatmospheric pres-
sure. The development started at the Royal In-
stitute of Technology in Stockholm in the beginning 
of the 1970s with the nonpressurized dIG Process. 
Over the years work had been done on ironmaking, 
coal	 gasification	 and	 ferroalloy	 production	 in
laboratory and pilot plant scale. 

In 1984, Interproject Service AS of Sweden and Nip-
pon Steel Corporation of Japan signed an agreement 
to develop the P-CIG Process in pilot plant scale. 
The pilot plant system was built up at the Metallur-
gical Research Station (MEFOS) in Lulea, Sweden. 
The first tests started in 1985 and several test 
campaigns were carried out through 1986. The 
results were then used for the design of a 
demonstration plant with a gasification capacity of 
500 tons of coal per day. Work on this process 
was recently summarized In the Scandinavian Journal 
of Metallurgy. 

The bottom blowing process for injection of coal and 
oxygen in the Iron melt gives strong reducing condi-
tions. This, In combination with the high tempera-
ture and the carbon (two to four percent) dissolved 
in the melt, provides for stability of the gas com-
position and sulfur pick-up of the slag. Desulfuriza-
don is also influenced by the slag composition. 
Slagformers such as time or dolomite form a liquid 
slag together with the acid components in the coal 
ash. A slag basicity (Ca01510 2) of one to two 
prevents wear of the lining and dissolves three to 
four percent sulfur as calcium sulfide. 

The injected coal powder Is degasified and carbon is 
dissolved In the iron melt. Simultaneously, the Iron 
reacts with oxygen, mainly In the form of iron oxide 
formed when oxygen gas penetrates the melt. The 
iron melt, with its solubility for carbon, also acts as 
a carbon buffer which stabilizes the gas composition 
even for shorter periods of unstable operation. The 
gas is mainly composed of CO and H 2 with small 
amounts (less than one percent) of CO 2 and 1120. 

Very small metallic particles are carried out with 
the generated raw gas. Most of these particles are 
iron, vaporized In the superheated area near the 
tuyeres. Iron sulfide particles formed by the reac-
tion between hydrogen sulfide and iron particles are 
also Included In the metallic dust. The iron dust, 
with its large surface area, acts as a desuifurlzer In 
the gas phase and reduces the sulfur content In the 
gas to very low levels (20 to 300 parts per million). 

The P-CIG Process 

The main part in the P-dIG Process is the pres-
surized reactor (Figure 1). The steel vessel has a 
lining of refractory material to withstand a tempera-
ture of 1,400-1,5000C. In the pilot plant experi-
ments It was charged with up to six tons of Iron. 
A special sealing system was developed in order to 
have a gas-tight connection between the reactor and

FIGURE 1

THE P-CIG PILOT PLANT PROCESS 
Powder	 Reaclor with Gas and slag Gas cooler Off-93s 	 Pressure 
Feeder	 sampler U 	separator flow	 reguistor 

measurement valve 

I.. 
..-. 

the slag separator.	 Coal powder, slag formers and
oxygen were Injected into the iron melt from the 
bottom of the reactor. The coal powder was 
crushed to -1 millimeters and dried to about two 
percent moisture content. 

A mixture of coal powder and slagformers were 
pneumatically transported with nitrogen into the 
melt. The ash content of the coal reacted with the 
flux (burnt lime and dolomite) and formed a slag 
layer on top of the iron melt. The overflow of 
slag was collected in the slag pot In the bottom of 
the slag separator. The gas produced was separated 
from slag particles in the slag separator and was 
then quenched to 80 0 C in the gas scrubber before it 
passed the off-gas flow measurement position, the 
gas analysis and dust sampling position and the pres-
sure regulator valves.	 A sampling lance, working 
automatically, 	 was developed In order to take
samples of Iron and slag as well as the temperature 
during operation. 	 - 

The complete pilot plant was erected at MEFOS 
during 1984. The reactor had a weight of more 
than 100 tons. 

Operational Results 

The test campaigns were mainly carried out in order 
to evaluate the effect of pressurization on the 
process. 

The evolution of gas caused by the injection of coal 
and oxygen created a tremendous turbulence in the 
iron bath. The gas throughput is a limiting factor 
In the specific gasification capacity of the process. 
One purpose for pressurization was to increase the 
specific feeding rate. 

The gasification reactor was lined with high quality 
magnesia bricks. Burnt lime was added to neutralize 
the acid component (Sb 2) in the ash, to reduce the 
wear of the lining and to Increase the solubility of 
sulfur in the slag.	 The slag also has a solubility 
for MgO.	 Therefore, dolomite was added with the 
time to further reduce the lining wear. 	 Different
types of coal powder were mixed with the flux and 
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Iron ore fines for cooling the molt. The specific 
coal feeding rate as well as the bath height could 
be varied by changing the melt weight from four to 
six tons. 

The reactor was normally operated with a total 
pressure of 3.0-3.5 bar. The feeding rate of coal 
was increased from 250 kilograms of coal per ton of 
iron per hour at atmospheric operation up to nearly 
500 kilograms per ton per hour at three bar. The 
carbon content of the melt, which determines the 
liquid temperature of the iron, was controlled by the 
coal/oxygen injection ratio. 

The test runs lasted from three to seventy hours. 
Table 1 gives typical data for some of these tests. 

The operation temperature was varied in the range 
of 1,350 0 C to 1,550°C and no significant relation 
between the temperature and the gas composition 
could be seen. The same conclusion was drawn for 
the influence of different pressures on the analysis. 
The major factor which determined the CO/11 2 ratio 
in the off-gas was the composition of the coal and 
the injected C/0 2 molar ratio. The degree of car-
bon conversion was in the range of 95-100 percent 
and could be controlled by changing the operational 
conditions.

P-dC Process Applications 

The P-GIG Process generates a gas with a low iovel 
of impurities and a relatively high heating value 
(11-12 megajoules per cubic meter). The gas could 
therefore be used for a number of different applica-
tions such as feedstock for methanol, ammonia or 
hydrogen production, Iron ore reduction, industrial 
fuel gas, or generation of electricity. 

According to project sponsors, the P-GIG Process is 
highly suitable for integration with combined cycle 
electric power generation. This application might be 
of special interest for the future in Sweden. 
Figure 2 shows the concept of the integrated 
P-GIG/combined cycle power plant. The heat radia-
tion from the CO/11 2 gas is higher than that of 
natural gas and the high temperatures puts high 
demands on the material in the combustion chamber. 

The formation of NO 	 must also	 be taken into con-
sideration.	 Another	 Important aspect	 is the 
sintering/melting	 tendency of	 the dust	 in	 the gas 
turbine.	 This was studied together with	 gas	 turbine 
producers	 and	 P-GIG	 gas, Including traces	 of dust, 
was found suitable for gas turbine operation. 

TABLE 1

TYPICAL P-GIG TEST 

£2L
	

A	 C	 P 

Melt Weight (Ton) 
Pressure (Bar) 
Temperature (°C) 
Specific Pander Feed 

Rate (Kg/Ton Fe/H) 
Off-Gas Flow Rate (m3n/h) 
Gas Composition' (Vol %) 

OD 

4.9 5.1 5.0 
3.0 2.0 2.0 

1,450 1,500 1,410 

529 329 312 
3,800 3,490 3,180 

70.7 65.0 64.4 
0.9 0.5 0.6 

27.4 33.5 34.0

Excluding N2 for pneumatic transport of powder 

The behavior of sulfur In the molten bath process Is 
completely	 different	 from	 other	 gasification 
processes.	 Besides the fact that the slag dissolves
sulfur, the process generates iron dust which desul-
furizes the gas. Both slag and dust give the 
process a unique flexibility to gasify coals with dif-
ferent sulfur content. 

The sulfur discharge level from the P-CIG system 
was only about 10 percent of the allowable policy 
In Sweden for large combustion plants.

Demonstxatjan Plant 

A 500 tons of coal per day demonstration plant was 
designed and costs estimated for Swedish and 
Japanese conditions. The gasification system con-
sisted 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 1 000 cubic meters 
of oxygen.	 Steam is used for cooling the melt. 
Per hour, 40,000 cubic meters of gas would be 
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produced at a pressure of 4 bar. (The reactor 
would be prepared for operation at 20 bar at a 
later date). The production of gas in large units is 
said to make the P-CIa Process economically com-
petitive with other energy sources. The pressuriza-
tion of the molten bath gasification process has a 
number of positive effects: 

- The reactor and off-gas system can be made 
more compact for a given gasification 
capacity. 

- The productivity can be increased in com-
parison with the nonpressurized process. 

- The pressurized gas can be utilized directly 
for certain purposes where pressure is neces-
sary.

FIGURE 2 

THE P-CIG PROCESS
IN A COMBINED CYCLE POWER PLANT 

SOtLEROAS (tEANINO 

During the pilot plant test program, the productivity 
was increased successively. An average value of 
60-70 cubic meters of gas per square meter of 
reactor cross-sectional area per minute was estab-
lished.	 The corresponding injection rate would be
approximately 500 kilograms of coal per ton of iron 
per hour.	 Further increase of this value should be 
possible.	 A carbon conversion efficiency (carbon 
yield) well over 95 percent was established. The 
"cold gas efficiency" of this process was higher than 
other gasification processes. 

The authors conclude that the project has been 
technically successful. A demonstration plant Is the 
logical next step for further development of the 
P-CIG Process.

fl#0

GASIFICATION COMBINED CYCLE UNITS LIKELY TO BE 
BUILT IN DENMARK 

The Danish utility, Elkraft, in response to government 
directives to lower pollution by using more natural- 
gas, says that it will increase the use of natural 
gas to generate electricity. However, the utility 
says that it also plans for two power plants based 
on integrated coal gasification combined cycle 
(LGCC). The first will be a 50-megawatt demonstra-
tion unit at Llnsnedoe, at the site of an existing 
power plant that will be retired. 

The Danish energy minister expects to decide within 
the next 12 months whether to approve this scheme. 

If the Masnedoc demonstration is successful, EIkraft 
intends to move on to construct a full-scale 
300-megawatt IGCC unit at Stitsnaes, for service in 
1097. 

As yet, Elkraft has given no indication which ICCC 
design it favors for the Mosnedoe demonstration. 

Potential bidders could include Shell, Dow, Texaco 
and Krupp-Koppers. 

SASOL SHIFTS EMPHASIS FROM FUELS TO CHEMICALS 

For some time now, Sasol has been shifting its 
product emphasis from synthetic fuels to chemicals. 
This	 was	 reinforced	 in	 remarks	 by	 Sasol's
J. N. Marriott at the Alternate Energy 89 conference 
held in Tucson, Arizona In April. He noted that for 
the half year ended December, 1988, Sasol was able 
to achieve a 34.8 percent Increase in earnings per 
share despite a reduction of 16 percent in the 
operating income from the Synfuels division during 
the period. 

Whereas Sasol had in the 1980's depended to a very 
large extent on fuel production, it began to 
gradually shift towards the chemical industry over 
two yearn ago. This action became necessary due 
to the current poor prices of liquid fuels (linked to 
international prices) and to rising costs in the South 
African economy. in addition there is usually a 
good demand for petrochemicals when the crude oil 
prices are low. 

In the new phase, strategic business units (SBU's) are 
being developed around specific markets. These 
units address the specific needs In markets for high 
quality products at competitive prices. 

Sasoi's history is characterized by approximately ten 
year phases In which the attention has been directed 
at certain aspects of the business. Thus the first 
ten yearn of Its existence--from 1950 to the early 
sixties--were characterized by a phase of technology 
development. The greatest challenge was to get the 
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technology to work and to make it commercially vi 
able. 

In the second phase, during the sixties, Sasol under-
went an expansion process in which it established 
itself in the chemical industry. The ammonia syn-
thesis plant was built, the supply of gas, through 
Gascor, followed, and the cracking of naphtha In 
two crackers placed Sasol In the monomer market. 
Styrene, butadiene, etc. meant considerable expansion 
Into the chemical field for the company. 

At the end of this period Sasol also entered the 
crude oil refining industry with the erection of the 
Natref refinery In Sasolburg. 

The synthetic oil from coal industry underwent an 
explosive expansion after the oil crises of 1973 and 
1979 which respectively led to the establishment of 
Sasol Two and Sasol Three. In 1979 the important 
decision to privatize Sasol was also implemented. 

While	 the	 seventies	 were mainly	 a	 phase of con-
struction In Sasol's history, the emphasis in the early 
eighties	 fell	 mainly	 on enlarging	 the manpower 
resources in	 order to	 man these	 facilities. Further 
downstream	 diversification had	 already	 begun with 
developments such as the fertilizer division and later 
the mining explosives division.

After the establishment of Sasol Two and Sasol 
Three the group's position reverted to the situation 
In which it found Itself In the fifties--namely an 
over-exposure to synthetic fuels. Sasol has there-
fore been trying to find a better balance between 
Its fuel and chemical production. 

The difference between the expansion of the eighties 
and that of the sixties Is that now Sasol does not 
look at the South African market only. "Competition 
simply became too fierce and Sasol cannot establish 
plants which are aimed at the South African market 
only. The competitive advantage cannot be obtained 
only in the South African market," says Sasol's 
P. Kruger. 

Sasol Is already firmly established in the fertilizer 
Industry, manufacturing and marketing a complete 
range of fertilizers. The explosives division, which 
In particular concentrates on mining explosives, is 
also well established. The manufacturing of 
polypropylene Is the latest project to be announced 
and will come on-stream In 1989/1990. 

At the end of the 1987 financial year the group 
was restructured Into strategic business units. As a 
result of the restructuring, the Group's chemical, tar 
acid and explosive divisions are now housed In one 
company, Sasol Chemical Industries (Pty.) Ltd., while 
the crude oil refining, fuels marketing, and fertilizer 
divisions are housed In Sasol Oil and Fertilizers 
(Pty.) Ltd. 

Following are extracts from Sasoi's 1988 Annual 
Report (the most recent one available):

Sesol One 

Volume	 of	 production for	 the period under	 review 
was	 maintained	 at	 the previous years levels. This 
was	 achieved	 despite the	 fact that for	 the first 
time In ten yearn the factory	 was	 totally shut down 
for essential	 maintenance work.

A highlight of the year was the successful commis-
sioning of an additional Arge synthesis reactor, 
which will enable Sasol One to meet the growing 
demand for high quality waxes. The full potential 
of this unit will be realized in the 1988/89 financial 
year. During the past year it was decided to 
recommission the ethylene plant, which was taken 
out of operation when ethylene became available 
from Sasol Two. The project, which was completed 
during October 1988, will make a substantial con-
tribution to the division's profitability. 

The total factory shutdown afforded the opportunity 
to carry out detailed inspection of equipment which 
Is not normally accessible. The conclusion was that 
after thirty-two years of operation the Integrity of 
the plant's basic Infrastructure still conforms to the 
required safety and operability standards. 

An in-depth investigation into possible strategies for 
ensuring the long-term profitability of Sasol One was 
undertaken. It was concluded that exploitation of 
the full profit potential requires a further substan-
tial change in the pattern of synthesis gas utiliza-
tion. Alternative options for increased chemicals 
synthesis at the expense of liquid fuels production 
are being investigated. 

SoI Two 

Production volumes equaled the record level of the 
previous year, In spite of the total factory shutdown 
that takes place every two years to carry out 
scheduled maintenance and statutory Inspection of 
equipment. 

Constant petroleum product prices in conjunction 
with increased operating costs resulted In a sig-
nificant decrease in the profitability of fuels 
production. This negative effect was partially offset 
by favorable International prices for chemicals such 
as ethylene and ketones. 

Sasol Three 

Not only was the volume of gas produced the 
highest since the factory was commissioned In 1982, 
but record yields of liquid products per unit of gas 
processed were achieved. These successes are at-
tributable to ongoing Improvement in the efficiency 
of the synthesis process and a high level of stability 
for the complex as a whole. Gas production and 
the yield of liquid products improved by 4.3 percent 
and 1.5 percent respectively relative to the previous 
year. 

The new Dimersol plant for the conversion of light 
hydrocarbon gases to liquid fuels was completed on 
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market within a relatively short period are very 
promising. 

schedule and was successfully commissioned in 
July 1988. The process involved was specifically 
adapted for the Sasol synfueis environment.

Fertilizer Division 
Fuels Marketing Division 

Snsol's retail marketing area, known as the Blue 
pump marketing area, Is presently being expanded to 
the central Orange Free State and Northern Cape. 
After completion of the installation of approximately 
130 additional petrol pumps by the end of 
August 1988, Blue pump petrol Is available at a to-
tal of 2,100 service stations in the Transvaal, 
Orange Free State and Northern Cape. 

The occurrence of alcohol-related corrosion in the 
fuel systems of petrol vehicles was eliminated over 
the past year. This was the result of the success-
ful reformulation of the corrosion inhibitor. 

Chemicals Division 

The value of chemical sales Increased by 15 percent 
to 11627 million during the past financial year. 

A	 sharp increase	 in	 the	 local	 demand	 for 
polyethylene led to the	 recommissioning of the naph-
tha cracker at	 Sasolburg.	 This plant	 was	 taken out 
of commission in 1982 and mothballed when the local 
market	 did not	 develop	 as	 expected.	 The	 naphtha 
cracker was modified to also produce ethylene from 
coal-based light	 hydrocarbons	 instead	 of	 imported 
naphtha.	 The plant was recommissioned in September 
1988,	 and Increased	 Sasol's	 ethylene	 production 
capacity by	 47	 percent	 to	 approximately 
315,000	 tons per year.

Since the capacity of the tar acid refinery at 
Sasolburg was doubled in 1987, the net value of 
phenol and cresylic acid sales has increased by 
143 percent. This Is attributable to the increased 
production and a sustained increase in international 
phenol prices.	 After certain modifications to the 
refinery were made,	 a minimum purity of 
99.8 percent could consistently be achieved. The 
quality of Sasol's coal-based phenol is now such that 
this product can compete with synthetic phenol in 
most applications in the international market.

Technology 

The continuing decline In sales volumes and the ac-
companying surplus production capacity again resulted 
In intense competition rind heavy discounting since 
the second quarter of 1988. This had a negative 
impact on the financial results of the division. 

During the year the division nevertheless generated a 
small profit for the first time. This Improvement 
was achieved by improved efficiency in various 
areas. 

Mining Explosives Division (SMX) 

During the year under review the total value of 
sales increased substantially. 

Acceptance of the EMEX range of cartridged emul-
sion explosives by the mining industry gained momen-
tum. The divisions share of the cartridged ex-
plosives market grew substantially during the year 
and continues to do so at a satisfactory rate. 

Polymers; Division 

During the 1988 year Sasol announced its entry into 
the plastics industry. An amount of 11390 million 
was approved to erect a 150,000 tons per year 
propylene plant and a 120,000 tons per year 
polypropylene plant. 

The plant for the recovery and purification of 
propylene will be integrated into the Sasol Two in-
frastructure. Consequently the plant for the conver-
sion of propylene to polypropylene will be erected 
at Seeunda. Completion of construction is expected 
at the end of 1989. 

The products of the new Sasol plant will be aimed 
at replacing Imported polypropylene on the local 
market. However, since production capacity will 
substantially exceed local demand, large quantities 
will have to be exported. 

A solvent blending plant is currently being erected 
at Sasothurg. This will enable Sasoichem to 
manufacture various solvent blends In addition to the 
current wide range of solvents in order to meet 
customers' specific requirements. 

Technical problems in the Arge synthesis plant ad-
versely affected Fischer-Tropsch wax production 
during the first half of the financial year. These 
were successfully resolved and alter the new sixth 
fixed bed reactor had been fully commissioned, 
production of waxes Increased substantially during 
the last few months of the year. The demand for 
Sasol's range of unique hard waxes and specialty 
wax derivatives in traditional export markets con-
tinues to Increase. A number of new export 
markets have been identified and the prospects of 
placing the Increased production In the export

At the end of the previous financial year agreements 
were concluded with Mossref for Licensing of the 
Sasol Synthol and associated processes and for tech-
nical assistance with the design of the on-shore 
Mcssref gas-to-fuels complex. 

Further processing of existing product streams in or-
der to diversify the range of chemical products and 
Increase added value remains an important research 
field. 

The separation and recovery of higher alcohols, 
which are presently being marketed as a mixed 
stream, is one of the most promising projects which 
resulted from these investigations during the last 
year. The purification and extraction of higher, 
phenols also holds promise of a considerable increase 
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of the power station by Incorporating a turbine 
which fins on a combination of gasified coal and 
exhaust from the pressurized fluidized bed combustor. 

in added value. The research division has already 
succeeded In developing a process for the purifica-
tion phase.

### it 

SHELL COAL GASIFIER TO BE BUILT IN THE 
NETHERLANDS	 - 

A group of Dutch electric utilities has picked the 
Shell coal gasification process for use In the first 
MI-scale integrated gasification, combined-cycle 
(IGCC) plant In the Netherlands. The facility will be 
the largest In the world, it Is claimed, with a 
capacity of 253 megawatts. 

Samenwerkende Elektricitelts-Productlebedrijven N. V. 
(SEP) announced its choice In April. Comprlmo, an 
Amsterdam consultant, had performed an eight-month 
study for SEP comparing the Shell process with those 
of Texaco and British Gas/Lurgi. 

All three processes offered good prospects for ap-
plication in electricity generation, SEP said. But the 
Shell process offered marginally lower generating 
costs and Shell's technology, a dry process using 
very high temperatures, makes it possible to burn 
different types of coal with minimal effects on the 
environment. 

Comprlmo next plans a detailed design for a 
253-megawatt IGCC plant based on an Integrated 
coal gasification combined cycle plant based on the 
Shell process. The design should be ready by the 
end of this year. 

The plant, to be built at Buggenum, near Roermond, 
is intended to begin operating at the end of 1993, 
commencing a three-year performance trial. 

After two yearn of experimentation the plant may be 
upgraded to 600 megawatts capacity, according to 
SEP. 

POWERGEN AND BRrnsB COAL MAY WORK ON 
COMBINED PFBC/GCC SYSTEM 

PowerGen, the non-nuclear successor company to 
Great Britain's Central Electricity Generating Board 
(CEGB), would like a Clean Coal research project at 
Grimethorpe, South Yorkshire. The pressurized 
fluidized bed combustion process (PFBC) developed at 
that location uses limestone to reduce sulfur emis-
sions. 

By achieving high levels of efficiency,	 it also
promises to cut power station emissions of carbon 
dioxide,	 blamed for ozone depletion and the
greenhouse effect. 

The next $28 million phase at Grimethorpe, for 
which British Coal wants to obtain $19 million from 
the Government, is intended to increase the output

PowerGen is likely to contribute only $2 million 
toward the next phase of work, for which most of 
the private money has been pledged by AhLstrorn, the 
Finnish power equipment company, in exchange for 
the commercial development rights. 

Despite the relatively small amount of money in-
volved, PowerGen's decision marks an about-turn by 
the electricity industry. Less than two yearn ago, 
the CEGB pulled out of the project because it con-
flicted with its "big is beautiful" philosophy on 
power station construction. 

While acknowledging that the Grimethorpe system was 
potentially suitable for smaller power stations, the 
CEDE preferred to design larger versions of its ex-
isting	 conventional	 plants,	 by	 uprating	 its
660 megawatt generating units to 900 megawatts, 
the biggest ever Installed in Britain. 

Privatization, however, effectively transfers decision 
making on major capital expenditure from the gener-
ating authorities to the area distribution boards, 
which purchase their output. 

It	 was	 lack	 of interest from	 the area boards which 
early	 this	 year caused National	 Power,	 the	 CEGB's 
larger successor company, to drop plans	 for a	 coal-
fired station at Fawley, Hampshire, consisting of two 
900-megawatt units.

In conventional PFBC, coal is burned in a fluidized 
bed under pressure, and the hot pressurized combus-
tion gases are fed directly into a gas turbine. Heat 
from the combustor and from the gas turbine ex-
haust is used to raise steam for a steam turbine; in 
principle, combining gas and steam cycles in this 
way can increase plant efficiency to above 40 per-
cent. 

However, the operating temperature in a PFBC unit 
is usually only about 850 0C to avoid softening the 
ash and impeding fluidization. This comparatively 
low temperature limits efficiency. 

To overcome this, British Coal engineers proposed a 
topping cycle. It would entail Injecting a fuel gas 
into the hot PFBC combustion gas and burning the 
combination in the gas turbine inlet, raising the hot 
gas temperature to 1,100 0 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. 
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ENVIRONMENT 

TEXACO GASIFIER PROCESSES WASTES 

Tests have been carried out at Texaco's Montebello 
Research Laboratory in California, using the Texaco 
coal gasifler to process oilfield waste. 

Tank bottoms sludge, a waste from oil-producing 
fields, was gasified with a finely ground coal-water 
slurry in the Texaco gasification process.	 In the 
gasifier,	 under high pressures and temperatures 
(2,400°F and 350 pounds per square inch), 	 the
sludge-and slurry mixture Is converted into a clean, 
medium-BTU gas.	 No hazardous solid, liquid or 
gaseous waste are said to be generated. In addition 
to tank bottoms sludge, other types of waste 
materials--both chemical and Industrial, hazardous 
and nonhazardous--can be disposed of using this 
technology, say the researchers. 

ENVIRONMENTAL TESTS COMPLETED ON SHELL 
GASIFICATION EFFLUENTS 

The Shell Coal Gasification Process (SCGP) is being 
demonstrated and optimized in the nominal 250- to 
400-ton per day plant at Deer Park, Texas. 	 This 
plant,	 designated SCGP-1,	 was completed in 
April 1987. Initial shakedown operations began In 
July 1987, and a demonstration phase began in 
December 1987. The demonstration phase included a 
1,528-hour continuous run in 1988. 

During the 1,528-hour demonstration run, Shell con-
ducted an integrated sampling and analytical program 
to determine the environmental characteristics of 
SCGP-1. In a presentation to the Fifteenth Biennial 
Low-Rank Fuels Symposium in May, they reported the 
environmental characteristics of the effluent gas 
stream. 

The overall block flow diagram of SCOP-1 is shown 
In Figure 1. Crushed coal is fed to a roller mill, 
which pulverizes and dries the coal. The pulverized 
coal Is stored under nitrogen before It enters the 
coal feed system. High pressure nitrogen is used to 
pressurize and to transport the coal pneumatically in 
dense phase to the burners. 

Coal, oxygen, and steam (If used) enter the gasifier 
via horizontally opposed burners. During the 
1,528-hour demonstration run when the environmental 
samples were obtained, the gasifier was operated at 
a pressure of 340 psig, feeding 14,000 pounds per 
hour of moisture and ash free coal with a cor-
responding oxygen feed of 0.93 pounds oxygen per 
pound of coal. About 97 to 98 percent of the car-
bon in the coal was converted during the demonstra-
tion run.	 In later runs, conversions as high as 
99.5 percent were demonstrated.

FIGURE 1 

SHELL COAL GASIFICATION PROCESS
AT SCGP-1 
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The syngas is quenched at the gasifier outlet with a 
portion of cooled, recycled product gas at a ratio 
of about 0.9 pounds of quench gas per pound of 
reactor product gas. The quenched gas is further 
cooled by exchange with steam, to produce high 
pressure, superheated steam; with boiler feedwater, 
to produce high pressure steam; and with cold, 
make-up boiler feedwater. Steam generated in the 
heat recovery system is exported to Shell Oil's Deer 
Park Manufacturing Complex (DPMC). 

Removal of Dust 

During the demonstration run, a little more than half 
of the mineral matter entering with the coal melted 
and flowed out of the bottom of the gasifier into a 
cooled water bath. The remainder - of the mineral 
matter, in the form of fine particulates called flys-
lag, Is carried out of the reactor with the raw syn-
gas.	 Most of the flyslag is removed from the gas 
by a cyclone in the dry solids removal system. 

Removal of Fine PartlaiIat 

The composition of the crude syngas (reactor product 
gas plus recycled quench gas) during the 1,528-hour 
demonstration run is shown in Table 1. Residual 
particulates are removed, and the gas is cooled, in 
the wet solids removal system (WSRS). The crude 
syngas is scrubbed with recirculating water, which 
removes almost all of the solids out of the gas and 
cools the gas. 

Removal of Water-Soluble Gas Components 

Ammonia and other trace water-soluble contaminants 
are removed with the solids, by contact with the 
slightly alkaline, aqueous scrubbing streams. The 
circulating water is maintained slightly alkaline by 
adding dilute NaOH on pH control. 	 Because the
crude syngas contains significantly more acidic com-
ponents (for example, CO2 and	 than it does 
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alkaline components (almost entirely N11 3), the cir-
culating liquid would become corrosive without addi-
tion of NaOH.

TABLE 1 

RAW SYPCAS (XflPOSITIG4 FROM saw-i 
(Moisture-and Nitrogen-Free Basis) 

Concentration, % Voltm 
Component	 Demonstration Run	 Design 

1.1 - 1.2 1.0 

Carbon Conversion, 
Percent	 97 - 98	 98.5 

A bleed stream from the aqueous scrubbing system Is 
depressured and stripped of volatile compounds In 
the sour slurry stripper (555). The aqueous slurry is 
then clarified and either reused in SCGP-1 or sent 
to the DPMC. 

Traces of hydrogen cyanide (HCN) are produced In 
the gasifier, along with ammonia (NH 3) from any 
coal that contains nitrogen. The hydrogen cyanide 
must be removed from the syngas before the gas 
enters the acid gas recovery system, In order that 
the amine gas treating solution not be degraded. 
Degradation of the amine solution could occur very 
rapidly via hydrolysis of absorbed hydrogen cyanide 
to formic acid. The hydrogen cyanide is removed In 
the aqueous scrubbing steps to a concentration of 
only 10-15 parts per million volume in the gas. 

The gas Is then further cooled to about 90°F to 
remove additional water and ammonia by condensa-
tion. The clean sour gas is sent to the acid gas 
removal system. 

Removal of Sulfur-Cantaining Gases 

Sour gas from the wet solids removal system (WSRS) 
contains hydrogen sulfide (H 2 5) and carbonyl sulfide 
(COS), which are removed by the Sulfinol-D acid gas 
recovery system (AGRS). The sour gas is fed to the 
absorber column at about 90 0 F. There it is 
scrubbed by the Sultinol-D solution that enters the 
absorber at a ratio of about 2.7 pounds of lean sol- 
vent per pound of crude gas. 

The treated syngas product leaving the top of the 
absorber contains about 10 to 20 parts per million 
by volume COS, and no detectable 11 2S, HCN, or 
CO2 . The treated product gas is exported to the 
DPMC, where It is used as fuel in the central steam 
boilers.

Rich solvent from the absorber is sent to the 
regenerator (stripper) column,	 which operates at 
35 pslg. (This unusually high pressure for a Sulfinol 
stripper is needed to assure flow of the acid gas 
through approximately a mile of pipe to the Claus 
sulfur plant in the DPMC). 	 The rich solvent is
heated by exchange with the stripped bottoms 
stream.	 A steam-heated reboiler supplies additional
heat at the rate of 0.075 pounds of steam. 

Envfraimental Characterizations 

The overall balance of the principal elements C, U, 
0, N, and S is shown in Table 2. The analysis of 
bulk components of the gas streams as obtained by 
CC are summarized in Table 3. There Is no detec-
table concentration of any organic compound other 
than methane in the treated syngas. Concentrations 
of the trace elements present as minor components 
of the gas stream samples are listed in Figure 2 in 
parts per million by weight. Also in Figure 2 the 
mass flow of each trace element Is shown, In pounds 
per year. 

In addition to monitoring the distribution and fate of 
trace elements entering SCGP-1, Shell also deter-
mined some of the environmental characteristics of 
the several leaving streams. The gas streams leav-
ing SCGP-1 are very clean. Only minor fractions of 
a few of the recovered trace elements appear in 
the gas streams, as described in the following 
paragraphs. 

Treated Syngas. Traces of boron, calcium, lead, 
magnesium, and silicon appear In the treated syngas 
(Figure 2). The boron, calcium, and silicon are al-
most certainly from the glass equipment used to ob-
tain the sample, and do not reflect the presence of 
these non-volatile elements in the treated syngas. 

In addition to the major components,	 hydrogen,
nitrogen, carbon monoxide, and water that comprise 
the treated syngas,	 there are also traces of
methane, carbonyl sulfide, ammonia, and oxygen 
(Table 3). On the basis of many analyses of the 
gas slip streams fed to the gas treating process 
development unit, It is believed that the trace of 
oxygen represents unconverted oxygen from the 
gasifier, but in any Individual sample It could also 
result in part from a very slight contamination of 
the sample with air. 

AGRS (Sulfinol Stripper) Add Gas. Traces of ar-
senic, boron, calcium, magnesium, selenium, and 
silicon appear in the acid gas from the Sulfinol 
stripper in the AGES. Analysis of the AGES acid 
gas by gas chromatograph shows (Table 3) that the 
bulk components of the gas are typical of what 
would be expected from stripping of the Sulfinol 
treating solution.	 - 

SSS Add Gas. The 555 acid gas contains traces of 
arsenic, calcium, magnesium, selenium, and silicon, as 
shown In Figure 2. 

Vent Gas to Flaze. The vent gas to flare provides 
the only identifiable and quantifiable potential source 

27.7 - 29.8 28.4 
66.5	 - 69.0 65.2 

002 - 2.2	 - 2.4 5.3 
CH 0.001 - 0.01 0.04
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of	 emissions	 directly	 to	 the	 atmosphere.	 As shown only	 trace	 element calculated to have a	 measurable 
in	 Figure 2	 only	 boron,	 calcium,	 iron, magnesium, emission	 rote	 in	 the	 vent	 gas to	 flare, probably	 rep-
selenium, silicon,	 and	 tin	 were	 observed	 in	 con- resents	 contamination	 by	 traces	 of	 silicone stopcock 
centration above	 the	 detection	 limit. Silicon,	 the grease in the impinger liquid. 

TABLE 2 

ADJUSTED OVERALL MASS BALANCE FOR SCUP-1 
(in Pounds Per Hour) 

Total Mass	 Carbon Hydrogen	 Oxygen Nitrogen	 Sulfur 

Entering Stresim 
Coal 16,813	 11,436 720	 1,411 812 434 
Oxygen 12,960	 -- --	 12,856 104 --
Nitrogen 2,200	 -- --	 -- 2,200 --
Water 15,600	 -- 1,748	 13,852 -- --
Sodium Hydroxide and 
other Chemicals 126	 -- 12	 101 -- 2 

Total 47,699	 11,431 2,480	 28,220 3,116 436 

Leaving Streans 
Treated Syngas 29,670	 10,975 793	 14,757 3,131 --

RS Acid Gas 1,800	 363 30	 959 7 441 
SSS Acid Gas 2	 -- --	 -- 2 --
Vents to Flare 45	 7 1	 10 27 --
Sour Water 445	 1 49	 391 1 4 
Clarified Water 9,500	 -- 1,063	 8,437 -- --
Wet Slag 1,000	 25 1	 -- 9 59 
Flyslag 750	 185 1	 -- 12 40 
Clarifier Undertlow 2,100	 3 229	 1,821 2 2 
Slag Slurry 2,490	 130 256	 2,034 2 1 

Total 47,802	 11,689 2,423	 28,409 3,193 547 

Recovery, Wt.% 100.2	 102.2 97.7	 100.7 102.5 125.4 

TABLE 3 

ANALYSIS OF SOW-i GAS PRODUCTS 
(Mole Percent) 

Treated Sulfinol Sour Slurry 
Syngas to Stripper Stripper 

Caponent DI'MC CPS Acid Cs Acid Gas 

Hydrogen 27.284 0.973 6.18 
Nitrogen 7.866 0.608 78.764 
Carbon Monoxide 64.326 2.696 5.46 
Carbon Dioxide <0.0001 50.677 3.26 
Methane 0.004 0.001 n.d. 
Hydrogen Sulfide <0.0001 40.540 3.20 
Carbonyl Sulfide 0.0010 0.062 n.d. 
Carbon Disulfide n.d. 0.002 n.d. 
Methyl Mercaptan n.d. 3.040 n.d. 
Sulfur Dioxide n.d. n.d. 0.01 
Amnnia 0.00041 0.00058 0.0056 
Hydrogen Cyanide <0.00047 0.00086 0.01 
Oxygen 0.080 n.d. 0.21 
Water 0.438 1.399 2.90 
Hydrogen Bromide <0.00003 <0.00003 <0.00003 
Hydrogen Chloride <0.00017 <0.00017 <0.00017 
Hydrogen Fluoride <0.00017 <0.00017 <0.00017 
Hydrogen lodinde <0.00003 <0.00003 <0.00003 

99.1994 99.9994 99.9996 
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FIGURE 2 

TRACE ELEMENT FLOWS IN LEAVING GAS STREAMS AT SCGP-1 
(Samples obtained 24 March 1988) 

Sulfinol Sour Slurry Stripper Vent Gas Recovery 
Synoas to OPW Acid Cu Acid Gas To Flare in 

Trace 
Element o lb/yr poyw lb/yr

- 
oo. lb/yr po. .	 lb/ yr

Gases, 
lb/yr 

Aluminum Al <0.1 <26 <0.05 <0.8 <0.1 <<0.1 <0.1 <0.1 Al 
Antimony St, 4.01 <3 0.01 4.2 <0.01 <0.1 <0.01 <<0.1 Sts 
Arsenic As <0.01 3 0.010 0.? 0.01 <<0.! <0.0! ((0.1 AS 0.2 
Barium Ba <0.05 <13 4.05 <0.0 <0.05 ((0.1 <0.05 ((0.1 Ba 
Beryllium Be <0.05 03 0.05 4.8 <0.05 <4.1 <0.05 <<0.1 Be 
Boron B 0.07 IS 0.240 3.8 <0.05 <<0.1 0.130 <0.1 B 22 
Cadmium Cd 0.05 <13 <0.05 4.8 <0.05 <0.1 0.05 <<0.1 Cd 
Calcium Ca 0.39 101 4.0 63 0.330	 .	 <<0.1 1.60 <<0.1 Ca 164 
Chromium Cr 0.05 <13 4.05 <0.8 <0.05 <<0.1 <0.05 <<0.1 Cr 
Cobalt Co <0.OS <II <0.1 0.6 <0.05 <<0.1 <0.05 <<0.1 Co. 
Copper Cu <0.05 <13 4.05 <0.8 <0.05 <<0.1 <0.05 <<0.1 Cu 
Gallium Ga (not analyzed) (not analyzed) (not analyzed) (not analyzed) Ca 
Germanium Ge (not analyzed) (not analyzed) (not analyzed) (not analyzed) Go 
Iron To 0.05 <13 0.09 0.4 <0.05 <<0.1 0.090 0.1 Fe 
lanthanum La <0.05 03 005 <0.8 <0.05 <0.1 <0.05 <<0.1 La 
Lead Pb 0.010 2.6 0.01 0.2 <0.01 <<0.1 0.016 <<0.1 Pb 2.6 
Magnesium Mg 0.080 21 0.110 I.? 0.050	 <<0.1 0.090 <0.1 Mg 23 
Manganese Mn <0.05 <13 <0.05 <0.0 0.05 <<0.1 <0.05 <<0.1 Mn 
Mercury Hg <0.01 0 0.01 0.2 <0.01 <0.1 0.01 44.1 Hg 
Molybdenum Mo <0.05 <II <0.05 0.8 <0.05 <<0.1 0.05 <<0.! Mo 
Nickel MI 4.05 <Ii <0.05 <0.8 <0.05 <0.1 <0.05 <<0.1 Ni 
Phosphorus P <0.5 <130 <0.5 <8 <0.5 <<0.1 <0.5 <<o.i P 
Potassium K <0.06 <16 <0.35 <5.5 <0.05 <<0.1 <0.05 <<0.1 K 
Scandium Sc (not analyzed) (not analyzed) (not analyzed) (not analyzed) Sc 
Selenium Se <0.01 <3 0.06 0.9 0.04 <<0.1 0.090 0.1 Se 0.9 
Silicon Si 0.060 224 0.936 IS 0.770	 <<0.1 0.710 0.3 Si 239 
Strontium Sr 0.01 <3 <0.01 <0.2 <0.01 <0.1 (not analyzed) Sr 
Thallium IT <0.01 <3 0.01 <0.2 <0.01 <0.1 <0.01 <<0.1 TI 
Thorium Tb (not analyzed) (not analyzed) (not analyzed) (not analyzed) Tb 
Tin So <0.01 <3 0.01 0.2 <0.01 <<0.1 0.200 0.1 So 
Titanium Ti <DOS <13 <0.05 <0.8 <0.OS <<0.1 4.05 <0.1 Ti 
Uranium U (not analyzed) (not analyzed) (not analyzed) (not analyzed) U 
Vanadium V <0.01 <3 0.01 <0.2 <0.01 <<0. I <0.01 <<0.1 V 
Yttrium V (not analyzed) (not analyzed) (not analyzed) (not analyzed) 
Zinc In <0.05 <13 0.070 1.1 0.0S <<0.1 <0.05 <<0.1 In 
Zirconium Zr (not analyzed) (not analyzed) (not analyzed) (not analyzed) Zr 

Bromine Or 0.15 <300 <0.62 <10 <0.88 <<0.1 <I <0.4 Or 
Chlorine Cl <29 5750 <1.56 <25 <2.2 <<0.1 <3 0.2 Cl 
Fluorine F 0.54 4400 <0.83 <13 <1.19 <<0.1 0.5 <0.6 F 
Iodine I <1.02 <470 <0.98 <IS 0.4 <0.1 <1.8 <0.7 I
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RESOURCE 

PERMFFIING UNDER WAY FOR NEW PER MINE

The	 Final Environmental Impact	 Statement (EIS)	 was 
issued	 in March	 for	 the Dry	 Fork	 Mine, the	 first 
new	 mine to	 open	 in the	 Powder	 River Basin	 for 
some	 time. The	 Draft Environmental	 Impact	 State-

ment and mining plan were discussed in the Pace 
Synthetic Fuels Report, June 1988, page 4-50. The 
location of the mine In Wyoming and with respect to 
other mining operations In the area is shown in 
Figures 1 and 2. 

FIGURE 1 

LOCATION OF THE DRY FORK MINE 
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FIGURE 2 

EXISTING AND PROPOSED 
COAL MINES IN CAMPBELL COUNTY 
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The EIS was prepared by the United States Depart-
ment of the Interior's Office of Surface Mining 
Reclamation and Enforcement (OSMRE). A draft EIS 
was released by OSMRE for public review and com-
ment on April 11, 1988. Seventeen comment letters 
regarding the EIS were received during the public 
comment period, which ended June 13, 1988. OSMRE 
suggested that a formal public comment meeting on 
the draft EIS could be held during the comment 
period in Gillette, Wyoming, if substantial interest 
were shown. No interest In such a meeting was ex-

pressed. While not containing any major changes 
from the draft EIS, the final EIS contains some cor-
rections and clarifications of the original text. 

North Gillette Coal Company, an affiliate of Phillips 
Coal Company and Western Fuels-Wyoming, a sub-
sidiary of Western Fuels Association, has announced a 
spring 1989 start-up date for mine construction. 
The companies have formed a limited partnership 
called Dry Fork Coal Company, which has been 
Issued a surface coal mining permit by the Wyoming 
Department of Environmental Quality. Western 
Fuels-Wyoming will be the general partner and North 
Gillette will be a limited partner. Construction of 
the mine will last through the 1989 building season 
and resume in spring 1990. 

The 3,800-acre site Is approximately five miles 
northeast of Gillette, and currently serves as ranch 
land and wildlife habitat. 	 Average thickness of 
overburden at the proposed mine is 95 feet. The 
site has perhaps the least over-burden of all Gillette 
mines. 

The Dry Fork mine will be the 15th Campbell County 
surface coal mine. Last year, the county's 14 exist-
ing mines set a new production record with 
135.7 million tons. 

Western Fuels representatives would not comment on 
the cost of the mine construction, but it could ap-
proach $98 million. Wyoming Industrial Siting Coun-
cil (ISC) Director Gary Reach said he expects the 
partnership to apply for an ISC permit, and the min-
imum project expense requiring such a permit is 
about $98 million. 

The mine should produce about 3 million tons per 
year to start with, but the partnership's proposal 
names a peak figure of 15 million tons as being 
possible in the 11th year of operation. Initial coal 
shipments will go go to the Missou Basin Power 
Project's Laramie River Station at Wheatland, Wyom-
ing, and the mine also will pursue market sales. 

Once completed, the mine will rely on two covered 
conveyors for coal movement, as well as traditional 
trucks and shovels. 

Western Fuels has contracted with Burlington North-
ern to provide coal transportation. 

COURT UPHOLDS POWDER RIVER COAL LEASES 

A federal appeals court has rejected claims by en-
vironmentalists that bids accepted by the Interior 
Department In 1982 for coal leases in the Powder 
River Basin were below fair market value. 

The decision by the Ninth Circuit Court of Appeals 
In Seattle affirmed a 1987 Montana District Court 
ruling upholding the lease sale. The lower court 
ruled Interior had adequately explained its shift to 
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an entry level bid system, which allowed lower Ini-
tial bids than the minimum acceptable bid procedures 
previously in use. 

Interior cited declining coal prices as a reason for 
changing the bidding procedures and said none of 
the 11 leases received high bids that met or ex-
ceeded the pre-sale fair market value estimates. 

In ruling for the government, the appeals court said 
the National Wildlife Federation had failed to prove 
Interior Department officials were unreasonable in 
leasing the land. The court agreed then- Interior 
Secretary James Watt acted "reasonably, although 
possibly not supremely wisely, in accepting the Pow-
der River lease bids." 

NCA LONG-TERM FORECAST IS BILLION TONS/YEAR 
BY 1995 

Annual coal production in the United States will top 
one billion tons by 1995 and grow to 1.1 billion 
tons per year by the turn of the century, 20.6 per-
cent above 1987 levels, according to the National 
Coal Association (NCA). 

The NCA's latest long-term forecast, "Coal: Energy 
for the Next Decade and Beyond," projects total 
United States coal production to grow at an annual 
rate of 1.5 percent from 919 million tons In 1987 to 
1.108 billion tons on 2000, with Appalachian, Interior 
and Western coal production increasing annually at 
1.4, 1.3 and 1.7 percent, respectively. 

Total United States coal consumption by the various 
markets is expected to increase at an average an-
nual rate of 1.5 percent, from 917 million tons In 
1987 to 1.113 billion tons in 2000. Imports of five 
million tons in 2000 will make up the difference be-
tween production and consumption levels. 

Of the three production regions, the strongest 
growth will occur in the West as coal production 
will rise to 339 million tons in 2000, 23.7 percent 
above 1987; production in the Appalachian region 
will rise by 19.8 percent to 532 rnilllon tons in 
2000; Interior region production will grow by 
17.9 percent above 1987 levels to 237 million tons 
In 2000. 

The NCA's Economics Committee said the long-term 
outlook is based on assumptions developed in mid-
1988 concerning economic growth, energy availability 
and prices, energy and electricity use, and 
demographic profiles. 

The United States economy, as measured by growth 
in real gross national product (GNP), is expected to 
expand 2.12 percent annually between 1990 and 
1995, and 2.25 percent annually from 1995 to 2000. 
However, primary energy consumption will grow at a 
much slower rate - 0.99 percent per year In the 
1990-1995 time frame and an average 1.12 percent

between 1995 - 2000 9 reflecting continuing energy 
conservation trends and inter-fuel competition at end 
use. in particular, natural gas prices are projected 
to rise at a slower rate than previously expected, 
and oil prices, In real terms, will decrease through 
1990 before rising again at a very slow rote. Be-
cause of conservation and the greater ability to 
substitute for oil as an energy source, oil prices are 
no longer assumed to drive the economy; the 
economy now drives oil prices, and real oil prices 
are forecast to rise at a 1.8 percent average annual 
growth rate between 1990-2000. 

The NCA outlook predicts significant changes In each 
of coal's markets:	 the electric utility, industrial, 
coking coal and export sectors. The utility sector 
Is by far the largest market for United States coal, 
accounting for 85.8 percent of domestic consumption, 
and 78.1 percent of total United States production 
In 1987. By the year 2000, utility coal consumption 
will equal 87.4 percent of domestic consumption, 
reflecting declining industrial and metallurgical 
markets, but only 78.7 percent of total production, 
because of the expected strong demand for export 
coal. 

Electric Utilities 

The long-term outlook forecasts substantial growth in 
coal consumption	 by the	 electric	 utility industry, 
coal's major market. Utility	 consumption	 will rise to 
872 million	 tons	 In the	 year	 2000	 from the	 1987 
level of	 718	 minion tons,	 an	 Increase	 of 21.5	 per-
cent or an average	 annual	 growth	 rate	 of 1.5	 per-
cent.

Total generation is forecast to grow 32.2 percent or 
2.2 percent per year from 1987 to the year 2000. 
Thus, coal's share of generation will decrease from 
56.2 percent In 1987 to 51.8 percent in 2000 be-
cause of the Increase In non-utility generation, 
strong Inter-fuel competition, and the completion of 
new nuclear capacity. 

Imports of electricity are forecast to increase sig-
nificantly by the year 2000 to 71 billion kilowatt-
hours from 48 billion kilowatt-hours in 1987, equal 
to two percent of total demand of 3,522 billion 
kilowatt-hours. 

The utility industry is in the middle of a period of 
change. The relatively slow growth in demand for 
generation In the early 1980s led to overcapacity 
conditions in many parts of the country. State 
public utility regulators began questioning utilities' 
construction decisions, especially in cases involving 
large cost overruns of nuclear plants. Consequently, 
utility plans for new construction are now at a low 
point, and questions about the reliability to supply 
future generating needs have been raised. In addi-
tion, the Federal Energy Regulatory Commission has 
begun a series of rulemaklngs aimed at increasing 
competition in the generation of electricity; the 
contemplated changes will undoubtedly Increase both 
non-utility generation and the uncertainty about fu-
ture capacity additions. 	 - 
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The strongest growth in utility coal consumption will 
be in the Southern areas (West South Central and 
Southeast regions) of the country, which will account 
for 60 percent of the expected coal-fired capacity 
additions, and in the Upper Midwest (West North 
Central region) where capacity factors for both coal 
and nuclear plants will increase to a high level in 
order to meet the expected demand. The East North 
Central region will remain the largest coal consuming 
region, but will grow by only one percent per year 
through the year 2000 as the result of below 
average growth in generation, Increased nuclear gen-
eration and inroads by oil and gas. 

Metallurgical Coal 

Metallurgical coal consumption, which was 37 million 
tons In 1987, is expected to remain at that level in 
the early 1990s. By 2000, however, It is expected 
to decline to 34 million as a relatively large drop 
in traditional coking coal consumption will be only 
partially offset by increased use of pulverized coal 
injection In blast furnaces, a process which does not 
require coking quality coals. The decline in steel 
intensity (steel production per unit of gross national 
product) is expected to continue over the forecast 
period, resulting in lower steel demand and lower 
steel production. 

Coke oven capacity will continue to contract as 
plants age and the uncertain demand for United 
States steel will prohibit new investment In these 
facilities. This capacity constraint will limit the 
amount of domestic coke production and eventually 
result in Increased coke imports. Continuous casters, 
which produce steel more efficiently, and electric 
furnaces, which consume scrap and less pig Iron, are 
two technology trends which will continue to grow 
over the forecast period. These factors all point In 
the same direction:	 a smaller market for metallur-



gical coal. 

Industrial/Retail 

The industrial/retail market will consume 91 million 
tons of coal in the year 2000, an 11 percent in-
crease over 1987 consumption of 82 million tons. 
All of the growth will be in the non-utility genera-
tion (NIJG) sector as cogenerators and Independent 
power producers Increase their share of the genera-
tion market. Coal consumption by NUGs will grow 
from approximately one million tons in 1987 to 
16 million tons In 2000, and coal will capture a 
25 percent share of the non-utility generation 
market.

While the West and West South Central regions are 
currently the most developed areas for non-utility 
generators, the Northeast and Southeast regions will 
surpass these regions by the year 2000, with coal an 
important NUG fuel source. 

Traditional uses of coal by industry will decline as a 
result of relatively low gas prices and environmental 
considerations. In particular, the recently issued 
New Source Performance Standards for industrial 
boilers are expected to severely limit new coal-fired 
capacity.	 The retail portion of the market will
remain unchanged at six million tons through 2000. 

Exports 

United States coal exports to all destinations are 
expected to increase to 116 million tons, or 45 per-
cent, between 1987 and 2000. 

Exports to Canada will be relatively flat throughout 
the forecast period and by 2000 are forecast to be 
14 million tons, two million tons below the 1987 
level of 16 million tons. The decrease Is expected 
to be evenly divided between metallurgical and 
steam coal. 

World demand for coal in the international market 
will increase to 539 million tons by 2000. Although 
the United States will ship more tons, market share 
is expected to decline from 24.2 percent in 1987 to 
21.5 percent in 2000 because of competition from 
other coal exporting nations, especially In the strong 
growth areas in the Pacific. 

United States metallurgical coal shipments overseas 
will Increase from 45 million tons to 57 million tons 
between 1987 and 2000, however, this represents an 
Increase in coal used in pulverized coal injection 
processes rather than for the traditional coke-making 
processes. Steam coal exports overseas will more 
than double from 18 million tons to 45 million tons 
gas a result of an increase in coal use at new 
large coal-fired electric power plant additions in 
both Europe and Pacific Rim countries. 

Scenario Forecasts 

The	 NCA forecast	 Is	 presented in	 terms	 of	 three 
scenarios, low,	 moderate and high	 growth	 cases. 
The base case,	 summarized above, is	 the	 moderate 
scenario. For	 comparison, the low	 growth and high 
growth range of	 possibilities are shown In Figure 1.
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FIGURE 1 

NCA FORECAST OF COAL CONSUMPTION BY SECTOR 
(millions of tons) 

1990 1995 200 

1987 Law - Moderate	 High	 Low Moderate High Low Moderate High 

Domestic Consumption: 
Electric	 Utilities 718 742 752 763	 775 796 813 822 872 919 
Metallurgical 37 38 36 38	 35 37 38 31 34 36 
Industrial/Retail 82 82 86 88	 64 91 tOO 84 91 103 

Total 837 862 876 889	 694 924 951 931 997 1058 

Exports 80 76 87 97	 86 100 112 98 116 129 

Total Consumption 
and Exports 917 938 963 986	 980 1024 1063 1035 1113 1187 

NCA Forecast of Coat Production 
(millions of tons) 

Production: 
Appalachian 444 441 460 417	 449 479 507 492 532 573 
Interior 201 204 208 209	 222 229 233 217 237 250 
West 274 291 293 298	 305 312 319 321 339 359 

Total 919 936 961 964	 976 1020 1059 1030 1108 1182 

Imports 2 2 2 2	 4 4 4 5 5 5 

Total Production 
and Imports 921 938 963 986	 980 1024 1063 1035 1113 1187 

Notes:	 Alt data include bituminous, sub-bituminous, lignirn and anthracite coals.

POWDER RIVER REGIONAL COAL TEAM TO MEET 

The Powder River Regional Coal Team (RCT) was 
scheduled to hold a public meeting on May 31 in 
Gillette, Wyoming.	 However, the meeting has been 
postponed to a later date, to be announced. The 
primary purpose of this meeting Is to develop a 
recommendation for the Secretary of Interior on 
whether or not to partially or totally decertify the 
Powder River Coal Region. Public comment will be 
requested on partial decertification of Musselshell, 
Yellowstone, and Golden Valley Counties in Montana 
or decertification of the entire region. Any portion 
of the region, whether it be the three counties or 
the entire region, would then become subject to 
leasing-by-application. Any applications would be 
subject to RCT review, oversight and guidance. Also 
on the agenda is review of the need for regional 
leasing.

At its last meeting on December 15, 1988, the Pow-
der River RCT reviewed the need for additional 
Federal coal leasing within the Powder River Coal 
production region. The RCT recommended that no 
regional Federal coal leasing activity planning efforts 
be Initiated at that time. The RCT recommendation 
was based largely on a recognition of limited leasing 
interests in the region, soft market conditions for 
the foreseeable future, and public input. The Direc-
tor of the Bureau of Land Management and the 
Department of the Interior concurred with this 
recommendation. 

During this same public meeting, the RCT reviewed a 
proposal to delete Musselshell, Yellowstone, and 
Golden Valley counties, Montana, from the Powder 
River Coal Production region. If deleted, these 
counties would have been opened to Federal coal 
leasing-by-application. Based largely on public dis-. 
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cussion, the RCT recommended not to delete these 
three counties. Instead, the RCT concluded that 
public comments should be requested on partial as 
well as total decertification of the Powder River 
Region. 

The Powder River Coal Production Region is com-
posed of Campbell, Converse, Crook, Goshen, Johnson, 
Natrona, Niobrara; Sheridan, and Weston Counties, 
Wyoming, and Big Horn, Golden Valley, Musselshell, 
Powder River, Rosebud, Treasure, and Yellowstone 
Counties, Montana. The Powder River RCT guides, 
among other things, the regional Federal coal leasing 
processes within these counties. Currently, with the 
exception of emergency coal leasing pursuant to 
43 CFR 3425, all coal leasing efforts within the 
region must be conducted through the regional coal 
activity planning process set out in 43 CFR 3420. 
This activity planning process is more expensive and 
time consuming than coal leasing-by-application. 
Due to the limited leasing potential and soft 
regional coal market conditions, the RCT has not 
recommended any regional coal activity planning ef-
forts in the past five years. However, a small 
number of apparently viable coal leasing interests 
have been recognized in the region during the past 
five years. These leasing interests have not been 
pursued because no regional coal activity planning 
had been pursued. 

However, If the region were partially or totally 
decertified, then these areas would be opened to 
leasing-by-application pursuant to 43 CFR 3425.1-5.

Lease applications could then be generally processed 
in approximately one year, rather than the three 
year minimum timeframe necessary for regional coal 
activity planning to result in a competitive lease 
sale. Partial decertification would be implemented 
by removal of Musselshell, Yellowstone, and Golden 
Valley counties, Montana from the region. The RCT's 
oversight of leasing-by-application in these three 
counties could be retained via RCT charter modifica-
tion. The remainder of the region would remain as 
it is and, therefore, be subject to the regional coal 
activity planning process. 

Total decertification would be implemented by 
removal of all counties from the region. The RCT 
would recommend to the Secretary of the Interior to 
revise Its charter to allow it to guide leasing-by-
application within the region. The revised charter 
would have a provision to allow for the re-
establishment of the regional activity planning 
process, should market conditions strengthen and 
more widespread regional leasing again becomes 
necessary. 

The reason for the RCT's proposal of partial and to-
tal decertification is to allow for an accommodation 
of the limited leasing potential within the subject 
areas, during the current soft coal market, and with 
the maximum administrative efficiency (i.e., time, 
Federal personnel, and Federal funds). 
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SOCIOECONOMIC 

CROW TRIBE OFFERS SETFLEI.IENT IN COAL TAX CASE 

The United States Supreme Court ruled in April that 
the State of New Mexico could tax businesses ex-
tracting oil and gas from Indian reservations, but 
the decision would not give them "occasion to re-
examine" the Montana coal severance tax case. The 
eight percent tax levied in New Mexico was not "an 
unusually large state tax" that "imposed a substantial 
burden on the tribe," as did the Montana tax, the 
justices said. They went on to say Montana's 
30 percent severance tax had a "negative effect on 
the marketability of coal produced in Montana" and 
was "extraordinarily high." In the New Mexico case, 
a petroleum company filed against the state claiming 
It was being taxed unfairly. Neither the tribe, on 
whose reservation the company operated, nor the 
federal government were parties in the lawsuit. In 
Montana, the Crow Tribe Itself brought the lawsuit 
and the federal government joined the tribe In 
fighting the state tax. An attorney for the Crow 
Tribe said the oil company In New Mexico did not 
show the tax Interfered with tribal sovereignty and 
self-government. In Montana the Crows successfully 
argued that the Montana tax interfered with Its 
economic development and right to govern Itself. 

Following that decision, the Crow Tribe made a for-
mal offer to settle a $166 million claim against the 
state of Montana for the Illegally collected coal 
severance taxes.

The $166 million figure includes $47,942,121 in coal 
taxes paid to the state by Westmoreland Resources 
between 1974 and 1982, plus $118,123,793 in inter-
est. 

Westmoreland Is the only company mining Crow 
owned coal. 

The $166 million figure is up $33 million from the 
tribe's earlier estimate. The Montana Department of 
Revenue and the attorney general's office are 
reviewing the state's legal position and hope to 
settle the matter out of court. 

The tribe has agreed to share information on Its 
legal position with the state to facilitate the state's 
evaluation of the offer. 

"Basically, the Crow Tribe would be wilting to ac-
cept a package consisting of cash and property," the 
Tribal chairman said, but offered no specifics. 

Last year the United States Supreme Court agreed 
with the tribe's argument that the state could not 
tax Crow-owned coal. 
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RECENT COAL PUBLICATIONS / PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Fifteenth Biennial Low-Rank Fuels Symposium, held in St. Paul, Min-
nesota In May: 

Groenewold, C. H., at al., "Re-Evaluation of ND Coal Resources." 

Finkleman, R., at al., 'tow-Rank Coal Activities at the U. S. Geological Survey." 

Davis, B., "Rawlins Coal to Ammonia." 

Rindt, J. R., et al., "Preliminary Investigation of the ChemCoal Process Using Wyodak Subbituminous 
Coal." 

Gruber, G., at al., "Great Plains Gasification Plant Lignite Gasification." 

lyeagar, R., et al., "Gasification of Very High Ash Coals." 

Bush, W. V., at al., "Environmental Characterization of the Shell Coal Gasification Process. I. Gaseous 
Effluent Streams." 

Goyal, A., et al., "Gasification of Low-Rank Coals." 

Ness, R., at al., "Mild Gasification Process." 

Sinor, J. E., at al., "Market Potential for Hydrogen from the Catalyzed Gasification of Low-Rank 
Coals." 

Hassett, D., "Innovative Leaching for the Prediction of Environmental Effects of Coal Conversion Solid 
Waste Disposal." 

The following presentations were made at The Clean Coal Technology Conference, held April 24 and 25 in Crystal 
City, Virginia: 

Miller, L., "Round III Solicitation." 

Salvador, L. A., at al., "Status of Current Projects." 

Yeager, K1, "Potential Market for Clean Coal Technologies in the U. S. and Abroad." 

Kuhn, T. R., at al., "Projected U. S. Electricity Capacity Needs and Coal Production (1990-2020)." 

Swink, I)., "Potential Market for Clean Coal Technologies in the U. S. and Abroad." 

Williams, D. R., "The Entry of New Clean Coal Technologies into International Markets: Opportunities 
and Barriers." 

Wampler, J. A., "Administration Plans and Policies Concerning Clean Coal, Acid Rain and Global 
Warming Issues." 

The following papers were presented at the Alternate Energy '89 Conference held in Tucson, Arizona in April: 

Voelker, G., "Coal Policy in the Bush Administration." 

Schulman, B. L., "Coprocessing in U. S. Refineries: How to Get a Quick Stan." 

Klara, J. M., "Mild Gasification: A New Coal Option." 

Kelly, J. P., "CoProcessor Combined Cycle: Environmental and Commercial Advantages." 

Janssen, K. E., "Great Plains Coal Gasification Project." 

Sundstrom, D. G., "Dow Coal Gasification Progress Report." 
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Marriott, J. N., "Synfuels and Co-Production of Chemicals." 

Salzman, U., "The Shell Coal Gasification Process." 

Watts, D. H., "Cooiwater Achievements: Impressive Past for a Promising Future." 

The following papers were presented at the Joint Meeting of the Rocky Mountain Fuel Society and the Western 
States Catalysis Club, held February 23-24, in Denver, Colorado: 

Baldwin, R. M., "Correlation of Direct Coal Hydroliquef action Reactivity with Fundamental Coal 
Properties." 

Jaturapitpornsakul, J., at al., "Correlation of Coal Liquefaction Products from Solvent Extraction and 
Pyrolysis." 

Kotteristette, H. J., "Impact of an Improved Hydrogen Donor Solvent on Direct Coal Liquefaction.' 

Yun, V., at al., "rime Resolved Pyrolysis Mass Spectrometric Observations on Vacuum Pyrolysis of Ar-
gonne PCSP Coals." 

Devineni, P., at al., "A Model for Correlating Properties with Molecular Structure and its Application 
to Fuel Processing." 

Davis, P. J., et al., "Pore Structure Characterization of Coals and Chars Via NMR." 

White, W. E., et al., "Surface Properties and Pore Structure of ACERC Coals and Chars." 

Hyde, W. D., at al., "Effects of Preparation Variables on Reactivity and Surface Properties of ACERC 
Coal Chars." 

The following appeared in International Chemical EngineerIng, April 1989: 

Shirotsuka, 1., et al., "Kinetic Analysis of Molecular-Weight Distribution in Coal Liquefaction. 	 Effect 
of Lowering of the Molecular Weight of Primary Liquefied OIL" 

The following papers were presented at the American Chemical Society Division of Fuel Chemistry meeting In 
Dallas, Texas, April 9-14, 1989: 

Painter, P., at al., "Hydrogen Bonding and Coal Solubility and Swelling." 

Papaioannou, A., et al., "Alkali and Alkaline Earth Promoted Catalysts for Coal Liquefaction 
Applications." 

Olson, E. S., at al., "Reactions of Low-Rank Coals with Phenol." 

Mochida, I., at al., "Liquefaction Kinetics Influenced by the Amount of Donor and Hydrogen Pressure." 

Sundaram, M. S., at al., "Mild Gasification of Coal in a Moving Bed Reactor." 

Serio, M. A., et al., "The Effects of Minerals and Pyrolysis Conditions on Char Gasification Rates." 

Iiergermann, R., at al., "Kinetics of Brown Coal Gasification." 

Marcillo, N. R., at al., "The Catalytic Effect of Calcium on Air Gasification of a Subbituminous Coal 
Char," 

She, N., at al., "Studies of the Agglomeration and Reactions of Ca and K During Pyrolysis and 
Gasification." 

Meijer, R., at al., "Catalyst Lass and Retention During Alkali Catalyzed Carbon Gasification of CO2." 

Vincett, M. E., at al., "A Model of Nickel-Catalyzed Gasification." 

Matsumoto, S., "Iron Group Metal Catalyzed Hydrogasificatlon In the Presence of Supported Hydrogena-
tion Nickel Catalyst." 

Huttinger, K. J., "Mechanisms of Steam Gasification and the Role of Hydrogen Inhibition." 
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Jiang, H., et al., "Transient Kinetic Studies of Char Gasification in Carbon Dioxide." 

Funisawa, 1., et al., "Characterization of Coal Char Reactivity by the Number of Active Sites During 
CO2 Gasification." 

Harris, D. J., et al., "Intrinsic Reactivity of Coke and Char to Carbon Dioxide." 

Lizzlo, A. A., et al., "Temperature-Programmed Desorption Studies of Coat Char Gasification." 

Halt, P. J., et at., "The Nature of Carbon-Oxygen Complexes Produced by Different Oxidants: Towards 
a Unified Theory of Gasification?" 

Heinemann, H., at al., "Catalytic Gasification of Graphite and Chars." 

Meijer, R., et al., "A Kinetic Mechanism of the Water-Gas-Shift Reaction over K2CO3/Carbon." 

Linares-Solano, A., at al., "Calcium Deactivation in CO 2 and Steam Gasification Reactions." 

Miura, K., et at., Measurement of Oxygen Chemisorption and Gasification Rates by a Pulse Technique." 

Duval, B., at al., "Effect of Microtexture on Coke Vapor Gasification a Qualitative Gasification Model." 

Huttinger, K. J., et al., "Mechanism of Carbon Dioxide Gasification Studied by TPD." 

Treptau, M. H., et al., "Hydrogen Gasification of Oxidized Carbons." 

Khan, M. R., "Variations In the Oxygen Chemisorption Capacity of Mild Gasification Char at Various 
Levels of Burnoff." 

Zygourakis, K., "A New Discrete Simulation Method for Modeling Char Gasification in the Diffusion-
Controlled Regime." 

Hampartsournlan, E., et al., 'Effect of the Porous Structure of Char on the Rate of Gasification." 

Furusawa, T., at al., "Thermodynamic Analysis of Coal Gasifier Performance." 

Sundaram, M. S., at al., "Blothermochemical Conversion of a Bituminous Coal." 

The following papers were presented at the Fourteenth international Conference on Coal a Slurry Technology, 
April 24-27, held in Clearwater, Florida: 

Steen, D. V., et al., "Clean Coal Technologies--Diamonds In the Rough." 

Weber, W., et al., "Physlo-Chernical Properties of Coal-Water Gasifier Feed Stock." 

The following articles appeared in Energy & Fuels, March/April 1989: 

Banerjee, D. K., et al., "Coprocessing Technology Development in Canada." 

Cugini, A. V., et al., "Coal/Oil Coprocessing Mechanism Studies." 

Miller, R. L., et al., "Coprocessing of Coal and Residuum under Low-Severity Reaction Conditions: Ef-
feet of Basic Nitrogen Promotors." 

Ikura, M., et al., "Selective Oil Agglomeration of Lignite Using Vacuum Bottoms Only as an Integral 
Part of Coprocessing." 

Szladow, A. J., et aL, "Kinetics of Heavy Oil/Coal Coprocessing." 

Curtis, C. W., at al., "Effect of Coal and Residuum on Reactions Occurring in Coal-Petroleum 
Processing." 

Foods, S. A., et eL, "Effects of Coal Concentration on Coprocessing Performance." 

Curtis, C. W., at al., "Activity and Selectivity of Three Molybdenum Catalysts for Coal Liquefaction 
Reactions."
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Curtis, C. iv., et at., "Hydrodenitrogenation of Quinoline and Coal Using Precipitated Transition-Metal 
Sulfides." 

Grant, U. M., et at,, "Chemical Model of Coat Devolatilization Using Percolation Lattice Statistics.' 

Baldwin, R. II., et al., "Correlation of Bituminous Coal Ilydroliquefaction Activation Energy with Fun-
damental Coal Chemical Properties." 

Khan, M. R., at al., "Influence of Steam Pretreatment of Coal Composition and Devolatilization." 

Chawla, B., at at., "Effect of Coal Properties, Temperature, and Mineral Matter upon a Hydrogen-Donor 
Solvent during Coal Liquefaction." 

Satterfield, C. N., at al,, Effect of Temperature and Hydrogen/Carbon Monoxide Ratio on Carbon Num-
ber Product Distribution from Iron Fischer-Tropsch Catalysts." 

Bockrath, B. C., at at., "Investigation of Liquefaction Mechanisms with Molecular Probes." 

COAL - PATENTS 

"Process for Removing Mineral Impurities From Coals and Oil Shales," Robert Lloyd, Maxwell J. Turner - Inventors, 
United States Patent Number 4,804,390, February 14, 1989. A process for removing mineral impurities such as 
metal oxides from coal and shale oil structures is disclosed. The process is carried out by subjecting crushed 
coal or shale to a hydrocarbon fluoride leaching solution, separating the hydrocarbon fluoride leach liquor from 
the coal or shale, washing the coal or shale with water, leaching the washed coal or shale with hydrogen 
chloride solution, separating the hydrochloride solution leach liquor from the coal or shale, washing the coal or 
shale with water, and removing residual impurities from the treated coal or shale by heating under a vacuum. 
The process allows for the recovery of carbons and hydrocarbons of high purity from coal or shale which do not 
require expensive emission control equipment when combusted. 

"Burner for a Suspension of Fine-Grained Coal in Liquid," Jan A. Loodberg, 011e L. Siwersson, Arne E. Wall - In-
ventors, Scaniainventor All SE, United States Patent Number 4,803,932, February 14, 1989. Burner for a suspen-
sion of fine-grained coal in a liquid, particularly water, which burner operates according to a combination of the 
rotary burner and toroidal burner principles. The fuel is supplied axially behind a transverse distribution baffle 
within a conical rotary body. At least the outer rim portion of the inner side of the rotary body forms an 
angle of 35 0 -80 0 with the axis of the burner. At the outer edge of the rotary body there is an annular air 
supply nozzle for supplying a conically diverging outwardly directed air stream. Outside the air supply nozzle 
and at a radial distance from it, there is a conical guide baffle which at its outer end may be curved Inwardly 
and which, together with the diverging air stream, serves to produce a positive recirculation of combustion 
gases, non-combusted coal particles and ash particles in a direction back towards the rotary body in accordance 
with the toroidal burner principle. 

"Reduction of Sulfur and Nitrogen Oxides Using Petroleum Pitches," Lloyd Berg - Inventor, United States Patent 
Number 4,806,319, February 21, 1989. Sulfur dioxide and nitrogen oxides are removed from inert gases by con-
tacting the gaseous mixture with petroleum or coal tar pitches at 400 0 -600 0 F. A method for removing sulfur 
dioxide and nitrogen oxides from admixtures with inert gases which comprises contacting the the gaseous mixture 
with a molten low volatile carbonaceous material selected from the group consisting of residual petroleum fuel 
oil, petroleum asphalt, petroleum pitch and coal tar pitch at 400 0 -600°F and allowing the inert gases to exit 
from the carbonaceous material. 

"Process for Producing Pitch Raw Materials," Herbert Beneke, Siegfried Peter - Inventors, Rutgerswerke AG DE, 
United States Patent Number 4,806,228, February 21, 1989. A Process for the production of pitch raw materials 
having improved properties comprising extracting coal-tar pitch free of solids with a mixture of a supercritical 
gas extracting agent and an entrainer at elevated temperatures and pressures, passing the extraction mixture to 
a plurality of separation steps where the supercritical gas and entralner are removed by lowering the pressure 
and/or raising the temperature, recycling the mixture of extracting agent and entrainer to the extraction step 
and recovering the pitch fractions from the separation step, the said pitch fractions being useful for diverse 
purposes such as soot production, electrode bonding agents, etc. 

"Process for the Production of Pig iron From Fine Ore Using Plasma Burner," Roll Hauk - Inventor, Korf En-
gineering GMBH DE, United States Patent Number 4 9 806,154, February 21, 1989. A process for the production of 
pig iron from fine ore is produced, in which the fine ore is produced in one or more reduction units. The 
resulting sponge iron is subsequently melted down and finally reduced in a melt-down gasifier In the vicinity of 
the plasma burners, preferably directly over the latter, above the collecting melting bath and slag. The solid 
carbonaceous material, particularly low grade coal required for final reduction is fed from above into the melt-
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down gasifier. It is converted in the latter into coke and forms in the lower part of the gasifier a fluidized 
bed, which is maintained by the plasma gas, additionally introduced oxygen and CO formed during final reduction. 

"Gasification Process for Coal Gasification Furnace and Apparatus Therefor," Yukio Hishinuma, Shuntaro Koyama, 
Tomohido Miyamoto, Atsushi Morihara, Shunsuke Nogita - Inventors, Hitachi Ltd. JP, United Stated Patent 
Number 4,806,131, February 21, 1989.	 This invention relates to a gasification process for a coal gasification 
furnace in a coal gasification plant and to an apparatus therefor. In particular, the invention relates to a 
gasification process for a coal gasification furnace which comprises ejecting coal and an oxidizing agent along 
the circumferential direction of a gasification chamber to form a whirling stream, making the two contact and 
react with each other in the gasification chamber, thereby producing a combustible gas from the coal while 
making ash in the coal melt into the form of slag, and withdrawing the slag through a chamber into a slag 
cooling chamber, wherein said process comprises causing the whirling stream to produce pressure difference such 
that the pressure decreases from the wall surface of the gasification chamber toward the central part thereof, 
forming, by use of the pressure difference, a recycle system wherein a part of the combustible gas produced is 
Introduced from the gasification chamber to the slag cooling chamber and returned again therefrom to the 
gasification chamber, and heating the slag tap by means of the circulating combustible gas, and to a process 
the ref or. 

"Fluidized Bed Arrangement for the Production of Molten Pig Iron and Steel Pre-Products," Rolf Hauk, Werner 
Kepplinger, Klaus Langner, Michael Nagl, Gera Papst, Leopold Seirlehner - Inventors, Korf Engineering GMBH DE; 
Voest Alpine AKT AT, United States Patent Number 4,805,880, February 21, 1989. A process and an arrangement 
for the production of molten pig iron or steel pre-products from particulate ferrous material as well as for the 
production of reducing gas in a meltdown gasifier. A fluidized bed of coke particles is formed by the addition 
of coal and the injection of oxygen-containing gas. In order to ensure a satisfactory mode of operation of the 
meltdown gasifier even if coal of inferior quality with a high moisture content and a high portion of volatile 
matter is used, additional heat is supplied to the meltdown gasifier above the feed lines for the fluidized-bed-
forming oxygen-containing gas by burning and/or degassing coal particles separated from the reducing gas. 

"Coal Gasification Process with Inhibition of Quench Zone Plugging," D. G. Davis, L. W. Dicks, J. A. Horwege - 
Inventors, Shell Oil Company, United States Patent Number 4,805,562, February 21, 1989. A process for the 
gasification of coal to produce synthesis gas is disclosed, the process being characterized by passage of product 
gas stream containing sticky or molten particles upward from the gasification zone and quenching of the product 
gas stream and particles in a quench zone coated or lined internally with silicon nitride. 

"Coal Gasification Process with Inhibition of Quench Zone Plugging," D. G. Davis, L. W. Dicks - Inventors, Shell 
Oil Company, United States Patent Number 4,805,561, February 21, 1989. A process for the gasification of coal 
to product synthesis gas is disclosed, the process being characterized by passage of product gas stream contain-
ing sticky or molten particles upward from the gasification zone and quenching of the product gas stream and 
particles in a quench zone coated or lined internally with titanium diboride. 

"Removal of HCN, and HCN and COS, From a Substantially Chloride-Free Gaseous Stream," Humbert H. Chu, 
Stephen N. Massie - Inventors, Shell Oil Company, United States Patent Number 4,810,475, March 7, 1989. HCN, 
and HCN along with COS may be removed from gaseous stream, particularly those derived from the gasification 
of coal, by contacting the gas stream with a catalyst consisting essentially of specified amounts of molybdenum 
oxide, or precursor or precursors thereof, and alumina. 

"Process for the Simultaneous Production of Methanol Synthesis Gas and Ammonia Synthesis Gas," Norbert Deuser, 
Peter Blamer - Inventors, Krupp-Koppers GMBH DE, United States Patent Number 4,810,417, March 7, 1989. A 
process for the simultaneous production of methanol synthesis gas and ammonia synthesis gas proceeds from the 
crude gas of a coal gasification, which initially is subjected to a 11 2 S-washing at low temperatures. Then fol-
lows a splitting of the desulfurized gas into two partial streams, of which one partial stream is led directly Into 
the CO2-washing which serves for production of the methanol-synthesis gas. Another partial stream Is in con-
trast initially subjected to a conversion. From the converted gas then a partial stream is branched off which is 
provided for the production of ammonia-synthesis gas, whereas the remainder of the converted gas is led Into 
the CO 2-washing serving for the production of the methanol-synthesis gas. The partial stream serving for the 
production of the ammonia-synthesis gas is treated to a separate CO 2-washing, in which simultaneously the so-
called purge gas from the ammonia-synthesis Is led in. The H 2 5-washing and the CO 2 -washings are connected 
with each other by a common washing agent circulation. 

"Method For Cleaning Fossil Fuel, Such as Coal and Crude Oil," Robert C. Sutton - Inventor, Sutton Energy Cor-
poration, United States Patent Number 4,810,362, March 7, 1989. Contaminants, such as sulfur, sulfur compounds 
and other pollutants are removed from fossil fuels. The fossil fuel in a liquid medium, such a crude oil or a 
coal slurry, is exposed to metallic copper to react the sulfur with copper ions and settle out the resulting cop-
per sulfide. Additional additives are also disclosed. 

"Process for Cleaning and Splitting Particle-Containing Fluid with an Adjustable Cyclone Separator," 
Thomas S. Dewitz - Inventor, Shell Oil Company, United States Patent Number 4,810,264, March 7, 1989.	 A 
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stream of particle-containing fluid (e.g. from coal gasification or combustion) can be cleaned and spilt by flowing 
it Into and through the vortex of a cyclone in which an externally adjustable vortex stabilizing means is moved 
close enough to the outlet opening for the particle-depleted fluid to provide an outflow of such fluid having a 
selected volume or particle concentration. 

"Low Rank Coal or Peat Having Impurities Removed by a Drying Process," Monroe M. Greene - Inventor, Western 
Energy Company, United States Patent Number, 4,810,258, March 7, 1989. A low rank coal or peat has various 
impurities removed therefrom by a drying process. The impurities may be removed In a subsequent operation. 
The dried coal or peat will not absorb substantial moisture when stored or transported. 

"Method for Starting Up a Partial Combustion Process," Maarten J. Van Der Burfl - Inventor, Shell Oil Company, 
United States Patent Number 4,809,624, March 7, 1989. A method for starting up a partial combustion process, 
using a burner, wherein finely divided carbon-containing fuel Is supplied to a reactor or gasifier and an 
oxygen-containing gas is supplied separately from the said fuel to the reactor or gasifier and Is mixed with the 
said fuel adjacent the outlet of the burner In the reactor or gasifier. During a predetermined period a low 
rank particulate carbon-containing fuel is supplied to the reactor prior to the start of the partial combustion 
process, said low rank fuel spontaneously reacting with oxygen when brought into contact with the said oxygen-
containing gas and subsequently switching the burner to a less reactive finely divided carbon-containing fuel. 

"Stable Aqueous Suspensions of Slag, Fly-Ash and Char," Mitri S. Najjar, Louis S. Soreil, Farrokh Yaghmaie - In-
ventors, Texaco Incorporated, United States Patent Number 4,808,194, February 28, 1989. A pumpable aqueous 
suspension of slag, fly-ash, char, and mixtures thereof which contains a surfactant and has a reduced viscosity 
and increased resistance to sedimentation, the aqueous suspension is produced by quench cooling and/or scrub-
bing a raw effluent gas stream from the partial oxidation of solid carbonaceous fuel. It may have a solids con-
tent of about 1.0 to 50.0 weight percent. The surfactant comprises an anionic or nonionic adduct of an alkyl 
phenol and polyoxyethylene or polyoxypropylene. In one embodiment, a solid carbonaceous fuel is wet ground 
with the aforesaid aqueous suspension and make-up water, if any, to produce a stable aqueous slurry feed to the 
partial oxidation gas generator. 

"Cooler For Gases Generated by Gasification," Manfred Forster, Wilhelm Lindermann - Inventors, Deutsche Babcock 
Werke AG DE, United States Patent Number 4,813,382, March 21, 1989. A cooler for gases generated from coal 
by gasification under pressure has a pressurized vessel (1) that accommodates an insert (5) with a polygonal 
cross-section made out of pipes (6) that are welded together gas-tight in conjunction with webs (7). The pipes 
in the insert are bent vertically in to create a roof (11) and parallel one another sector by sector with webs 
of uniform width. The pipes that abut at an angle at the edges of the sectors are united in pairs by forged 
crosstall butts (13). The erosstail butts are aligned along a straight line and completely occupy the spaces be-
tween the sectors. 

"Process for the Cocurrent Gasification of Coal," Jacques Ribesse - Inventor, Dlstrlgaz S A BE, United States 
Patent Number 4,813,179, March 21, 1989. The invention relates to the cocurrent gasification of coal and to a 
gas generator. The gas generator (11) comprises a vertical sealed vessel, the lower third of which is divided 
into several identical vertical compartments (12). Coal is loaded at the top (17). The major • part of the hot 
reactive gas under pressure Is introduced at the top (18), and the remaining part at lower levels (21,22). Gas 
Evacuation (24) is stopped from one compartment (12) in turn, gas produced is blown in order to unclog the fil-
ters (25 9 26) and to loosen the ash, the ash is extracted at the bottom (23) and cold reactive gas is blown 
countercurrently in order to complete the combustion and to cool the ash. This gas generator enables coal from 
any source to be used and does not require purification downstream. 

"Process for Converting Coal to an Oil Fraction," Nobuyoshi Hirokoh, Yoichi Kageyama, Tetsuo Matsumura, Yukio 
Nakako - Inventors, Asia Oil Company Limited JP, Idemitsu Kosan Co. Ltd. JP, Kobe Steel LTd. JP, Mitsubishi 
Chemical Industries Ltd. JP, Nippon Brown Coal Liquefaction Co. Ltd. JP, United Stated Patent Number 4,818,374, 
April 4, 1989. A process for converting coal to an oil fraction, which comprises subjecting coal to a first 
hydrogenation reaction, deashing the reaction product of the first hydrogenation reaction and subjecting the 
deashed liquefied oil to a second hydrogenation reaction, wherein coal, a solvent and hydrogenation-treated heavy 
oil components are supplied for the first hydrogenation reaction; from the first hydrogenation reaction product, 
at least a part of the oil fraction is obtained; from the first hydrogenation reaction product, a substantial 
amount of preasphaltene components Is removed simultaneously with or independently of the deashing operation, 
and the deashed liquefied oil containing heavy oil components and not greater than 20 percent by weight of 
preasphaltene components thereby obtained, is supplied for the second hydrogenation reaction, from the second 
hydrogenation reaction product, an oil fraction and heavy oil components are separated and the heavy oil com-
ponents are recycled to the first hydrogenation reaction in an amount of at least 20 percent by weight relative 
to the heavy oil components in said deashed liquefied oil. 

"Catalytic Two-Stage Liquefaction of Coal Utilizing Cascading of Used Ebullated-Bed Catalyst," Alfred G. Comolli, 
James B. MacArthur, Joseph B. McLean - Inventors, HRI Incorporated, United States Patent Number 4,816,141, 
March 28, 1989. A multi-stage catalytic process for hydrogenation and liquefaction of coal using ebullated-bed 
catalytic reactors to produce low-boiling hydrocarbon liquid products, in which used catalyst is removed from a 
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lower temperature first stage reactor operating at temperature not exceeding about 800°F and cascaded forward 
to a higher temperature second stage reactor for further use therein. Reaction conditions in the first stage 
reactor are preferably 700 0 -800°F temperature, 1,000-4,000 psig hydrogen partial pressure, and a coal feed rate 
of 10-90 pounds of coal per hour per cubic foot catalyst settled volume in the reactor. Useful higher tempera-
ture or second stage reaction conditions are 750 0 -850°F temperature, and 1,000-4,000 psig hydrogen particle 
pressure. The used catalyst withdrawn from the lower temperature of first stage reactor has a catalyst age of 
300-3,000 pounds coal processed per pound of fresh catalyst, and is transferred forward to the higher tempera-
ture second stage reactor for further use to catalyst age of 1,000-6,000 pounds of coal processed per pound of 
fresh catalyst. If desired, a higher temperature third catalytic reactor can be provided and used catalyst from 
the second stage reactor cascaded forward into the third reactor for further use therein. Useful catalysts In-
clude metal oxides of cobalt, iron, molybdenum, nickel, tin, or tungsten deposited on a base of alumina, mag- 
nesia, silica, or titania, with cobalt moly and nickel moly on alumina catalyst being preferred. This process ad-
vantageously requires a smaller quantity of fresh catalyst per ton of coal processed to produce the low-boiling 
hydrocarbon liquid products. 

"Method of Liquefying Coal," Tatsuo Fukuyama, Yoshio Kamiya, Sanseki Moriguchi, Eisuke Ogata, Toshthiko Okada - 
Inventors, Nippon Kokan K K JP, United States Patent Number 4,820,405, April 11, 1989. When low-quality iron 
ore is used as a coal liquefaction catalyst, in order to Improve its catalytic activity it is subjected to one or a 
combination of reduction, heat-treatment, or washing with or immersion In water for a long period of time so as 
to remove catalyst poisons before it is used as a catalyst.	 When high-quality iron ore is used, it is first
reduced with carbon monoxide and then used as a catalyst. 

"Coal Liquefaction Process with Metal/Iodine Cocatalyst," Peter S. Man, Gopal H. Singhal, Lonnie W. Vernon, Wil-
liam E. Winter - Inventors, Exxon Research and Engineering Company, United States Patent Number 4,824,558, 
April 25, 1989. An improved process for hydroconverting carbonaceous material wherein the hydroconversion Is 
accomplished in the presence of a sulfide of tin or tin and at least one metal selected from the group of met-
als consisting of the groups IV-B, V-A, VI-A, VI-A and group VIII-A metals of the periodic table of the ele-
ments and in the presence of iodine. The tin and any other metal may be added directly as the sulfide or as 
a soluble precursor that will either decompose or be converted to the sulfide. The iodine may be added directly 
as iodine, hydrogen iodine or as a precursor which will decompose to yield either iodine or hydrogen iodine. 
The hydroconversion is also accomplished in the presence of hydrogen. The tin sulfide when used either alone or 
In combination with a sulfide of at least one other metal selected from the group of metals consisting of groups 
IV-B, V-A, VII-A and VIII-A of the periodic table of the elements when used with Iodine surprisingly increases 
the yield of gasoline boiling range product from the hydroconversion or liquefaction process. When tin sulfide Is 
used in combination with at least one other metal sulfide, the increase in the yield of gasoline boiling range 
product is even more surprising. 

"Production of Methane Containing Gases," Reginald G. Banks - Inventor, British Gas Corporation GB, United States 
Patent Number 4,824,440, April 25, 1989. Heterocyclic and 0-Substituted Aromatic Species, for example those 
obtained as a by product of coal gasification, may be gasified by reaction with steam in the presence of a 
nickelalumina containing catalyst to produce methane-containing gases. The reforming reaction Is carried out at 
temperatures of not greater than 5000C. 

"Coal Gasification Process with Inhibition of Quench Zone Plugging," D. G. Davis, L. W. Dicks - Inventors, Shell 
011 Company, United States Patent Number 4,823,742, April 25, 1989. A process for the gasification of coal to 
produce synthesis gas is disclosed, the process being characterized by passage of product gas stream containing 
sticky or molten particles upward from the gasification zone and quenching of the product gas stream and par-
ticles in a quench zone coated or lined internally with silicon carbide. 

"Coal Gasification Process with Inhibition of Quench Zone Plugging," D. G. Davis, L. W. Dicks, J. A. Horwege - 
Inventors, Shell Oil Company, United States Patent Number 4,823,741, April 25, 1989. A process for the gasifica-
tion of coal to produce synthesis gas is disclosed, the process being characterized by passage of product gas 
stream containing sticky or molten particles upward from the gasification zone and quenching of the product gas 
stream and particles in a quench zone coated or lined internally with boron nitride. 

"Method for Separation of Phenols and Bases From Coal Tar Oils by Extraction," Herbert Henske, Siegfried Peter, 
Marc Seekamp, Jurgen Stadelhofer - Inventors, Rutgerwerke AG DE, United States Patent Number 4,827,050, 
May 2, 1989. Coal tar oil is separated quantitatively into neutral oil, phenols and bases by a two stage extrac-
tion with overcritical gases. Carbon dioxide is employed as an overcritical extraction agent, and propane or 
butane are preferably added as entrainers. The neutral oil is obtained in the first stage. Tar bases can be 
employed as an additional entrainer for improving the selectivity. The bases are extracted in the second stage. 
The method is associated with the advantage that it saves energy and that no byproducts are generated. 

"Partial Oxidation Process," Mitri S. Najjar - Inventor, Texaco Incorporated, United States Patent Number 
4,826,627, May 2, 1989. Synthesis gas is produced by the partial oxidation of a feedstock comprising petroleum 
coke and/or heavy liquid hydrocarbonaceous fuel containing sulfur and having an ash that contains nickql, 
vanadium and silicon, an iron-containing additive is introduced into the reaction zone along with the feed. A 
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first portion of the additive combines with at least a portion of the nickel, iron and sulfur constituents found in 
the feedstock to produce a first liquid phase washing agent. A second portion of the additive combines with at 
least a portion of the silicon, aluminum, calcium, sodium, and/or potassium and iron constituents found in the 
feedstock to produce a second liquid phase washing agent. The first and second liquid phase washing agents 
collect and transport at least a portion of the vanadium-containing oxide laths and spinels and other ash com-
ponents out of the reaction zone.	 Silicon-containing addition agents, Including coal, will increase the ratio of
second liquid phase washing agent to first liquid phase washing agent thereby more effectively washing the 
vanadium-bearing spinels from the gasifier. In one embodiment, the iron-containing additive is uniformly dis- 
persed In petroleuM coke having a nickel and vanadium-containing ash. Elemental iron may be prevented from 
forming in the reaction zone by introducing sufficient supplemental oxygen-containing material and/or sulfur-
containing material Into the reaction zone so as to keep the partial pressure of oxygen and/or S2 gas in the 
reaction zone slightly above that calculated from formulae I and/or H described herein. By this method molten 
slag having a reduced viscosity and containing the nickel and vanadium-containing impurities from the feedstock 
are readily removed from the gas generator at a lower temperature. Further, the life of the refractory lining 
is extended. 

"Method of and Device for Recovering Heat Energy of Hot Raw Gas Generated in a Coal Gasification Arrangement 
of an Electric Energy Generating Plant," Karl-Hein Dutz, Michael Kuehn, Adolf Linke, Gerhard Wilmer - Inventors, 
Krupp-I(oppers GMBH DE, United States Patent Number 4,825,638, May 2, 1989. in an electric energy generating 
plant Including a coal gasification arrangement and a combined gas turbine and steam combine, hot raw gas gen-
erated in the gasification arrangement is fed via a heat-exchanging and dust separating unit into a desulfuriza-
tion unit from which cool purified gas is discharged. The heat exchanging unit includes a tubular pressure resis-
tant housing serving as a feeding passage for the hot raw gas and enclosing a coaxial arrangement of a tubular 
pipe-wall housing of a waste-heat recovery boiler, and pipe spirals of a raw gas/purified gas heat exchanger. 
The waste-heat recovery boiler delivers superheated steam to the steam turbine and the raw gas/purified gas 
heat exchanger delivers heated purified gas to the gas turbine. 

"Method of Using a Structural Member of Anti-Sulfur-Attack Cr-Ni-Al-Si Alloy Steel for Coal Gasification 
System," Hiroyuki Doi, Seishin Kirihara, Tadaoki Morimoto, Mlchiya Okada, Kenichi Usami - Inventors, Hitachi 
Limited JP, United States Patent Number 4,802,894, February 7, 1989. A structural member to be subjected to a 
hot gas atmosphere produced through reaction between coal and a gasifier such as oxygen, air, steam or 
hydrogen, in a gasification furnace for example. The structural member is made of an anti-sulfur attack Cr-Ni-
Al-Si alloy steel which has a composition essentially consisting of, by weight, 0.03 to 0.3 percent of C, one to 
ten percent of Si, not greater than two percent on Mn, eight to 14 percent of Ni, 16 to 20 percent of Cr, 
0.5 to 10 percent of Al and the balance not less than 50 percent of Fe. 

"Coal-Methanol Slurry and Its Production Process," Kazuhiko ilanashita, Tetsuya Oishi, izumi Yamada - Inventors, 
Mitsui Mining Company Limited JP; Mitsui Toatsu Chemicals incorporated JP, United States Patent Number 
4,802,891, February 7, 1189. A coal-methanol slurry having excellent storage stability, transportability and com-
bustibility has been provided by using coal particles having a maximum particle size not greater than 
1,500 micrometers and a cumulative particle size distribution specified with respective to particles of 
74 micrometers and smaller, 10 micrometers and smaller and three micrometers and smaller and controlling the 
concentration of the coal particles within a specific range defined in relation to the degree of carbonization of 
the coal employed. A useful and advantageous production process of the slurry has also been provided, featuring 
an addition of water and the timing of Its addition. 

FOREIGN PATENTS 

"Method for Starting Up a Partial Combustion Process," Maarten J. Van der Burgt - Inventor, Shell Internationale 
Research MaatschappiJ B. V., United Kingdom Patent Number 2,202,234. A start-up method using a burner is 
described, wherein finely divided carbon-containing fuel is supplied to a reactor or gasifier and an oxygen-
containing gas is supplied separately from the fuel to the reactor or gasifier and is mixed with the fuel ad-
jacent the outlet of the burner in the reactor or gasifier. The method comprises supplying under suitable 
process conditions during a predicted period a low-rank or impregnated particulate carbon-containing fuel to the 
reactor prior to the start of the partial combustion process, spontaneously reacting the low-rank or impregnated 
fuel with oxygen when brought into contact with the oxygen-containing gas, and subsequently switching the bur-
ner to a less reactive feed. Thus, dried particulate brown coal 0.12 kilogram per second (18 percent water, 
90 percent having particle size <1-- um) was supplied to the reactor at 15 meters per second velocity and 
900 for a period of one second to 10 minutes. The pressure in the reactor was approximately 10 bar; the 
oxygen-containing gas (>90 percent content) 0.06 kilograms per second was supplied at 200 0 and 110 meters per 
second velocity. 

"Desulfurizing Agent, Process for Treating Hydrogen Sulfide-Containing Gas, Coal Gasification System and Power 
Generation System," Tomohiko Miyamoto, Shuntaro Koyama, Jinichi Tomuro, Atsushi Morihara, Hisao Yamashita, 
Sadao Takahashi, Eiji Kids, Akio Ueda, Shigehito Takamoto - Inventors, Hitachi Limited, Babcock-Hitachi K. K., 
United Kingdom Patent Number 2,202,546. The desulfurizing agent for the title processes comprises a porous 
oxide carrier, >1 of Mo oxide and W oxide as a first component supported on the carrier, and )1 Mn oxide, Co 
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oxide, and Ni oxide as a second component, supported mainly on the surface of the first component. In a coat 
gasification system using the desuifurizing agent and a power generation system using the purified gas therefrom, 
a reduction column for converting a portion of 502 in the regenerated gas to 1125 as a pretreatment means to a 
Claus reaction column can be avoided when the desulfurizing agent is regenerated. Furthermore, desulfurizing 
agent capable of reacting with 1125 to form a solid sulfur compound at 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, and desulfurization can be attained without a Claus reaction column 
and without a reduction column.

"Coal-Gas Molten-Carbonate Fuel-Cell Power Plant," Toshlaki Yoshida, Jun Tanaka	 -	 Inventors,	 Ishikawajima-Ilarima 
Heavy Industries Company Limited, Japan Patent Number	 63,190,258.	 The power plant has	 a shift	 converter in-
stalled on the line supplying the coal gas to the anodes, and a line for feeding steam of a steam-containing gas 
required for the shift	 reaction	 connected to the upstream side of the converter.	 Fuel supplied to the anodes in 
this power plant has	 a higher hydrogen and a lower	 carbon	 monoxide	 concentration	 than a	 plant	 without the 
converter	 to	 prevent	 carbon	 deposition at	 the anode,	 and	 the invention plant 	 has higher	 efficiency	 than the 
latter.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since March 1989) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - 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 pilot plant was to develop the SRC-I process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for (lItre-
lion which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage liquefaction (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hytiroconversion, 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. 

fTSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be usedfor gener- 
ating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

Tests then concentrated on testing both types of coals with the deashing step relocated downstream of the catalytic hydrotreatment. 
Results showed that previous improvements noted for the two-stage approach were achievable (no loss in catalyst activity). Lower 
product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as part of one system. The 
results from the reconfigured operation also indicated the potential for further improvements in product quality and/or produc-
tivity through use of the coupled-reactor approach. This was confirmed in tests which used a truly coupled, two-stage thermal-
catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based catalyst (AMOCAT 1-C) was 
developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was increased by 60 to 90 percent over 
previous operations, while catalyst productivity doubled. Furthermore, an improved configuration was developed and proven out, 
whereby only the net vacuum bottoms are deashed, thereby reducing the equipment size substantially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, more thermal volume was used, resulting 
in a 61 percent MAP distillate yield. Use of the first stage 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 suggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent. 

Project Cost: Construction and operating costs (through calendar 1985):$97 million
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-20) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs IC's low pres-
sure process, has been running since 1976. The plant is operating vely satisfactorily at full capacity. 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of  
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a route to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked PIESANOL' by 
AECI. 'DIESANOL' has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number of 
countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPAlACHIAN PROJECT - The M. W. Kellogg Company, Bechtel Development Co.; and United States Department of Energy 
(C-30) 

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (IGCC) sys-
tem. The project will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. One KRW gasifier operating 
in the air-blown mode will convert 485 tons per day of bituminous coal into a low-B'flJ fuel gas for use in an advanced combustion 
turbine generator. Steam generated from the combustion turbine exhaust and from the gasifier heat recovery system will be fed to 
a steam turbine generator. 

The nominal 60 megawatt demonstration project will feature a hot gas cleanup system which delivers clean fuel gas at 100 degrees 
to 1,200 degrees F to the combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system uses in-
bed desulfurization and a hot-sulfur-removal polishing step consisting of a zinc ferrite sorbent bed. Particulates will be removed by 
a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,800 BTU per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

DOE has agreed to provide cooperative funding for the project under its Clean Coal Technology Program. 

Kellogg, as the managing partner of the project, will design, engineer and procure the ocal gasification plant. Bechtel will construct 
it. Bechtel will also design, procure and construct the power island and supportive offsites. 

Project Cost: Not Disclosed 

BEtEL COAL GASIFICATION PROJECT - Bharat Heavy Electricals Limited, Hyderabad, India (C-40) 

Bharat Heavy Electricals Limited (BEtEL), of Vikas Nagar, Hyderabad, India considers fluidized bed coal gasification as a long 
term perspective for combined cycle power generation. An 18 ton per day coal capacity pilot scale Process and Equipment 
Development Unit (PEDU) has been built. 

BHEL as a manufacturer of power generation equipment has been involved in research and development activities related to ad-
vanced power systems. These include coal gas based combined cycles.
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STATUS OF COAL PROJECTS (Underline denotes changes slate March 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

RI-tEL's involvement in the development of coal gasification concerns the better and wider utilization of high ash, low grade Indian 
coats. The coats normally available for power generation axe 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 IC 

In the PEDIJ, 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 1 of the fluidized-bed coal gasification test program is scheduled to end in March 1989. In parallel, Phase 2 of the fluidized 
bed coal gasification program, engineering of a demonstration scale, 150 ton per day coat capacity gasification plant, has been in 
progress since April 1987. This plant is scheduled for commissioning in March 1990. The demonstration plant will be integrated 
with an existing six megawatt electrical gas turbine/steam turbine combined cycle plant. 

Project Cost: Not disclosed 

BI tEL COMBINED CYCLE DEMONSTRATION PLANT - Bharat Heavy Electrical Limited, India (C-SO) 

Bharat Heavy Electricals Limited (BHEL) of Hyderabad, India is carrying out a broad-based research program aimed at better and 
wider utilization of Indian coal resources. One phase of that program has involved building a small gasification combined cycle 
demonstration plant using a fixed bed coal gasifier. 

The Combined Cycle Demonstration Plant (CCDP) is installed at the coal research and development complex of BHEL at Trichy. 
The net power generation capacity at full load is 5.83 megawatts. The CCDP scheme consists of an air-blown, fixed bed, pres-
surized coal gasifier, an industrial gas turbine firing the low-BTU coal gas, and a waste heat recovery steam generator behind the 
gas turbine, which supplies a conventional steam turbine/generator. 

A comprehensive test program was under way in 1988. 

Project Cost: Not disclosed 

ROTFROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Oct AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany (C-60) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately 11,000 tons raffinate oil were produced from20,000 tons coal in more than 2000 operating 
hours. 

By this new mode of operation, the oil yield is increase 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 syncnxde to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 

The 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 1981. 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 76,000 
tons of heavy oil have been processed. A converstion rate over 90% and an oil yield of 85% have been confirmed. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, European Economic 
Community, Ruhrkohle (C-70) 

British Coal is building a pilot plant utilizing the Liquid Solvent Extraction Process, a two-stage system for the production of 
gasoline and diesel from coal. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered to 
remove ash and carbon residue, followed by hydrogenation to produce a syncnade 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 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 design and construction of a 23 tons per day plant at the Point 
of Ayr site, near Holywell in North Wales, financed by the British Coal with support from the European Economic Community. 
Limited private industry and British Department of Energy support is involved. Following a design phase carried out by Babcock 
Woodall-Duckham Ltd., construction started in 1986, with Simon Carves Ltd., being the Main Plant Contractor. 

Project Cat: 18 million British pounds (1986 prices) construction coat plus 18 million British pounds (1986 prices) operating coats. 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (0.80) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput 0(3 kg slurry per hour, with a coal to oil ratio of 40:60, and employs a 142 pressure of 
25 MPa, and a temperature of 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
daf coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (51101) has been developed and 
has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. The 
research has also been concerned with the upgrading (refining) of product syncrudes to specification transport fuels. Experimental 
studies have included hydrotreating, hydrocracicing and reforming, for the production of gasoline, jet fuel and diesel fuel. Jet and 
diesel fuel combustion quality requirements, as indicated by smoke point and octane number for example, have been achieved via 
severe hydrotreatment. Alternatively, less severe hydrotreatment and blending with suitable blendstocks has also proven effective. 
High octane unleaded gasolines have been readily produced via consecutive hydrotreating and reforming. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing 
specialised analytical methodology, particularly via MAR spectroscopy, to service the above process studies 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

BROOKHAVEN MILD GASIFICATION OF COAL - Brookhaven National Laboratory and United States Department of Energy 
(C-90)

A program is under way on mild gasification of coal to heavy oils, tars and chars under mild process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C A test matrix has been designed to obtain the process chemistry, yields and 
characterization of liquid product over a wide

'
 nge of temperature (500 to 750 degrees C), coal particle residence time (10 sec to 

50 min), heatup rate (50 degrees C/sec to 10 degrees C/scc) coal particle size (50 to 300 microns) and additives (slaked lime, 
recycle ash, silica flour, recycle char). A combined entrained and moving bed reactor is being used to obtain the data. Four dif-
ferent types of coal have been tried, Kentucky No. 8 and Pittsburgh No. 8 bituminous coal, a Mississippi lignite and a Wyodak sub-
bituminous. Generally the yields of oils from bituminous coals range between 20-25% (MAP), and about 15% for subbituminous 
coal. 

Project Cost: $200,000 

CALDERON ENERGY GASIFICATION PROJECT - Calderon Energy Company (0.95) 

Calderon Energy Com pany is constructing a coal gasification r,mcess development unit. 

The Calderon process targets the clean production of electrical power with cooroduction of fuel methanol. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The PDU will demonstrate the Calderon gasification process. In the process, sun-of-mine high sulfur coal is first orvolyzed to 
recover a rich sas (medium DTU). after which the resultins char is sub jected to airblown gasification to yield a lean Las (low BTIJ 
gas. 

The PDU is sized to process one ton per hour of a hi gh sulfur midwestern coal. 	 - 

The construction and operation of the PDU will take place on the proDertyof Alliance Machine Company in Alliance, Ohio. The 
oroiect is being aided by $5 million in government funding. 

The PDU is specified for an ocerating pressure of 350 psig as would be required to support combined cycle power production. 

CAN DO PROJECT— Continental Energy Associates (C-100) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazic 
Township, Pennsylvania to produce low BTLJ gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SPC) 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 & L4ght Company over a 20 years period. Steam will also be produced which will be available to industries within 
Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank, 
The new facility will be operated by Continental Energy Associates. 

Project Cat: $100 million 

CHAR FUELS PROJECT - Char-Fuels of Wyoming Inc., a subsidiary of Carbon Fuels Corp. (C-I 1O) 

Char-Fuels of Wyoming is attempting to secure financing to build a 1,000 ton per day CharFuel project at the Dan Johnston power 
station near Glenrock, Wyoming. The project could cost up to $100 million. 

The State of Wyoming has promised $163 million in assistance, contingent on a certain amount of private capital to be raised by 
Char-Fuels. 

The project involves a coal refining approach. The first step is a hydrodisproportionation step which the company says will use 
technology based on short residence time flash volatilization. Resulting char is mixed back with process-derived liquid h ydrocar-
bons to make a stable high-BTU, pipetineable 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 na phtha 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.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The Facility has avenged 97% onstream availability for the last three ytart 

In January, 1989, Eastman announced that it plans a $150-million expansion of the chemicals-from-coal facility to be completed by 
the end of 1991. The project, which could begin as early as mid-1989, will more than double Eastman's output of acetyl chemicals 
from coal and increase its flexibility in sourcing these products and in making their cellulosic derivatives. 

The expansion program will include construction of two new chemicals plants and modification of the coal gasification facilities. 
An acetic 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 )ear. 

The existing coal gasification Facility will be able to handle the new anhydride demand with some debottlenecking, because the coal 
gas unit was built with some spare capacity. 

Project Cost: Unavailable 

CIGAS GASIFICATION PROCESS PROJECT - Fundacao de Clencia e Tecnologia—CIENI'EC (C-130) 

The CIGAS Process for the generation of medium BTU 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 7.2 tons per day of coal). In 1980 a 
project involving a pressurized unit for oxygen and steam began (20 atmospheres and 03 tons per day of coal). The plant was fully 
operational in 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 scale. By the end of 1988 pilot scale studies will be finished. As the result of this stage, a conceptual design for a 
prototype unit will be made. This prototype plant will be operational in 1992 and in 1994 the basic project for the demonstration 
unit will be started. The demonstration unit is planned to be operational in 1998. 

Project Cost:	 US$4.7 million up to the end of 1988. The next stage of development will require US$15 million 

COALPLEX PROJECT - AECI (C-140) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes in-
clude calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and nter, brine 
electrolysis to make chlorine, hydrogen, and caustic, conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COGA-1 PROJECT - Coal Gasification, Inc. (CM) 

The COGA-1 project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over I million tons of coal per year and will produce 50D tons of ammonia and 500,OOD tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (IGT). When completed, the COGA-1 plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for COGA-1 in an attempt to move the $600 million 
project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: $600 million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (C-lW) 

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 pilot plant initially. This plant would produce what Caibocol calls 'a clean gas fuel' for certain big industries in Antioquia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the early 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

COOL WATER COAL GASIFICATION PROGRAM - Participants (Equity Owners): Bechtel Power Corporation, Electric Power 
Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and Texaco 
Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-170) 

Participants have built a 1,000-1,200 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal 
Gasification Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General 
Electric combined cycle unit to produce approximately 122 megawatts of 1poss 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 years, was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A 
live-year demonstration period is underway and will be completed in 1989. The plant will likely close by mid 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 (EPRI) executed an agreement to participate in 
the Project in February 1980 and their contribution is $69 million. Bechtel Power Corporation was selected as the prime engineer-
ing and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 million to 
the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 million to the 
Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power Company, 
Central Research Institute of the Electric Power Industry, Toshiba CGP Corporation and IHI Coal Gasification Project Corp. 
signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alternate 
Energy Development Company are non-equity contributors to the project, having signed 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' oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first 

solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the 'credit elsewhere' test (the SFC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SEC's second solicitation which ended June 1, 1981 On September 17, 1982, the SEC announced that the project 
had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. On April 
13, 1983 the sponsors received a letter of intent from the SEC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SEC voted to approve the final contract awarding the price guarantees to 
the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal will be utilized as 'the Program' coal and will be burned at all times that the facility is not burning an alter-
nate test coal. The Program could test up to 8 different coal feedstocks on behalf of its Participant companies. 

Thus far, a 3ZOOO ton Illinois No. 6 coal test (nominal 3.1 percent weight sulfur), a 21,000 ton Pittsburgh No. 8 coal test (nominal 
2.9 percent weight sulfur), and a 20,000 ton Australian Lemington high-ash-fusion-temperature coal (nominal 03 percent weight 
sulfur) have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are es-
sentially the same as those observed while burning the low sulfur Utah bituminous.

- 
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COMMERCIAL AND R&D PROJECT'S (Continued) 

The gasifier was started upon May 7, 1984. On May 2D, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance teat was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through January 1989 the gasifier has been on-line For more than 21,116 horns, gasifying over 1,132,0 tons of coal (dry basis). 
Approximately 211 billion gross kWh of electricity have been produced. 

The plant is often referred to as "the world's cleanest coal-fired utility plant" with operations data on low-sulfur Utah coal reflect-
ing NOx emissions of 0.07 pounds per million BTU; sulfur dioxide emissions of 0.018 pounds per million BTU (97 percent 
removal), and particulate emissions of 0.010 pounds per million BTU. These emissions average about 10-20% of the allowables 
under the United States Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

The nroiect is scheduled to be com pletely closed down by June. 1989. 

Project Cost: $263 million 

COREX IRON MAKING PROCESS - KiM Engineering (C-ISO) 

The Core; or Kohle Iron Reduction process was developed by Korf Engineering (a Federal Republic of Germany company). The 
process replaces the two-step coke oven/blast furnace approach to producing pig iron from iron ore and metallurgical coal with an 
integrated two component oxygen-blown system capable of operation on a variety of coals. The system consists of an upper 
"reduction shaft" and a lower melter-gasilier' component. Iron ore, along with an appropriate flux (e.g, limestone), is fed into the 
top of the reduction shaft where it is reduced to sponge iron by the off-gas from the lower melter-gasifier section. The lower sec-
tion is an oxygen-blown fluidized bed coal gasifier. In this section the sponge iron is melted and the resulting pig iron and slag are 
separated and tapped as in a blast furnace. The low/medium-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 Iron Reduction process has been tested in a 66,00 tons per year pilot plant using a wide range of coals and iron ores. 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 Stale of Minnesota and USX Corporation. 

A similar plant is under construction for Iscor in South Africa. Commissioning of this plant was completed in 1988 

Project Cat: Not disclosed 

CRE SPOUTED BED GASIFIER - Coal Research Establishment, Otto-Simon Carves (C-I90) 

A spouted fluidized bed process for making low-BTU fuel gas frbm coal has been developed by British Coal at the Coal Research 
Establishment (CRE). A pilot plant has been built with a coal throughput of 12 tonnes per day. 

This project was sponsored by the European Economic Community (EEC) under a demonstration grant. Results to date have a-
tabtished the basis of a simple yet flexible process for making a gaseous fuel low in sulfur, tar and dust. 

The CRE gasification process is based on the use of a submerged spouted bed. A significant proportion of the fluidizing gas is in-
troduced as a jet at the apex of a conical base. This promotes rapid recirculation within the bed enabling caking coals to be 
processed without encouraging agglomeration problems. This enables low ash fusion temperatures coals to be processed success-
fully. 

Experimental work began in 1974 on laboratory scale gasifiers. It was shown that the spouted bed system can handle a wide range 
of coals, in terms of swelling characteristics and size grading and can produce a clean fuel gas of low sulfur and minimal tar content. 
Trials performed in 1982 on a temporarily converted semi-commercial scale plant with a coal throughput of 03 tonnes per hour 
confirmed the results of the laboratory scale work. Successful operation was attained over a range of operating requirements using 
a series of coals with swelling numbers up to 83. 

In 1983 it was decided to build a 03 tonne per hour pilot plant at the Coal Research Establishment (CItE) of British Coal, in Chel-
tenham, England. 

Plant construction was completed in April 1985 and cold commissioning of all aspects of the plant was successfully achieved by June 
1985. As pert of the contract with the EEC several extended trials were completed between April 1986 and March 1987 using char 
as bed material. Since April 1981 a new contract with the EEC has investigated the use of sand beds and the potential of oxygen 
enrichment of the process. This contract will permit operation of the pilot plant up to November 1989. The first operating run 
with sand beds was successfully completed in November 1987.
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COMMERCIAL AND R&D PROJECTS (Continued) 

At present, work on the 12 tonne per day pilot plant is directed towards providing design information for gasifiers operated at at-
mospheric pressure for industrial fuel gas applications. The aim is to develop a range of commercial gasifiers with a coal through-
put typically of 24 to 100 tonnes per day. To this end a license agreement has been signed by Otto-Simon Carves (OSC) to exploit 
the technology for industrial application. Designs of commercial gasifiers are available and OSC together with British Coal are ac-
tively promoting the use of the technology in the United Kingdom process industries. 

The application of the process for power generation is also being investigated. Various cycles incorporating a pressurized version 
of the spouted bed technology have been studied and power station efficiencies up to 45 percent are predicted. 

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. 

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 gasifica-
tion, hot gas cleanup, gas turbines, and their integration into an 10CC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (24 tons per day process development 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 from 1986 and will be completed in 1993. 

CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (MITI) 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, aitblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systems. 

CRIEPI constructed, in 1983, a coal gasification process development unit with a capacity of 14 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 late1988, the gasifier had been operated for 132 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 (IGC)' with 10 
major electric power companies and CRIEPI to carry out this project supported by the Ministry of International Trade and In-
dustry and the New Energy Development Organization. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction started in 1988 at the 
Nakoso Coal Gasification Power Plant. The air-blown pressurized two-stage entrained-flow gasifier using the dry coal 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-
ture at the combustor outlet of 1,300 degrees C will begin in 1990. 

Project Cost: 53 million yen 

DANISH GASIFICATION COMBINED CYCLE PROJECT— Elkraft (C-20 

The Danish enercy minister expects to decide durin g 1989 whether to approve this scheme. 

If the Masnedoe demonstration is successful. Elkraft intends to move on to construct a full-scale 300-mecawatt 10CC unit at 
Stitsnaes. for service in 1997. 

As set, Elkraft has Oven no indication which 10CC desi gn it favors for the Masnedoe demonstration. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Potential bidden could include Shell. Doer. Texaco and Kruno-Koncera, 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-210) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 92 percent of capacity. As of 
May 1989 the project has completed &485 hours on coal. It has produced in billion Thu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 7 .881 hours. 

At full capadty, the plant consumes 2,400 tons of coal per day providing 30 billion 8113 per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium ff113 synthetic gas. 

The pi uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-1 acid gas removal system and Selectox sulfur conversion unit are also used at the Ptaquemine, Louisiana, plant. 
Oxygen is supplied by Air Products. 

Construction of the plant was completed in first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of The flow 

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 - 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 $6J million. 

Project Cat $flS million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-no) 

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 - 
tion. $20 million has been spent and 12 years have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation released the final Environmental Statement on February 26,198g. 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 tern of the value of the products produced, the Dunn-Nokota project is equivalent to an S® million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and nude 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 81,0 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 toe's 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 aaw to eastern markets for the pioject'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- 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 
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COMMERCIAL AND R&D PROJECTS (Continued) 

be in commercial operation in 1998. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost: 	 $22 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$03 billion (mine) 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
01K Gesellschaft fur Kohleverfiussigung MbH (C-230) 

Until 1984 01K Gesellschaft fur Kohlewerfiussigung MbH, a subsidiary of Saarbergwcrke AG, has dealt with the single stage, severe 
hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expensive low 
ash-coals can be processed. 

For this reason since 1984 GfK has conceived a unique process called PYROSOL The PYROSOL process is two-stage, comprising 
a mild hydrogenation in the first stage followed by pyrolysis of the residue in a second stage. 

As of year-cnd 1988, the development of the PYROSOL process has been terminated. This unique process is in particular suitable 
for the liquefaction of coals with high ash content. Regardless of the ash content, coals have been tested with molt 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, Gilt favorizes a 
unique hydrogenation reactor concept in which the feedstock is fed at the top and passes through the reactor counter currently to 
the hydrogen which is fed at the reactor bottom. It has been found that this reactor is superior to the classical bubble column. At 
present this concept is being further tested using a variety of different coals and residual oils on the bench scale. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - Dakota Gasification Company (C-240) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a 250 million cubic icet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the SNG sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 
23 percent from Transco. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification plant, 
Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project spon-
sors were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds. 

The project was designed to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar, oil, phenols, and naphtha 
to be used as fuels. Approximately 14,000 tons per day of North Dakota lignite is required as feedstock. 
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In August, 1985 the sponsors withdrew from the project and defaulted on the loan, and DOE began operating the plant under a 
contract with the ANG Coal Gasification Company. The plant successfully operated throughout this period and earned revenues in 
excess of operating costs. During 1981, the plant produced an average of 1413 MMSCP per calendar day, which is 103% of design 
capacity. 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 flied suit In the United States District Count in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14,1966 the North Dakota Court fount 

That state law is not applicable and that plaintiffs (DOE/OW) are entitled to a summary judgement for foreclosure. A 
foreclosure sale was held on June 30, 1986 and DOE obtained legal title to the plant and its asses__ This decision was 
upheld by the United States Court of Appeals for the Eighth Circuit on January 14, 1987. On Nowentber 3, 1987, the 
Supreme Court denied a petition for a writ of certiorari. 

The defendant pipeline companies are liable to the plantifft (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 loner count staa 

In early 1987 the Department of Energy hired Shearson Lehman Bra to help sell the Great Plain plant InAugust,1989it 
was announced the Basin Electric Power cooperative had submitted the winning bid for approximately $115 million up-front 
plus future profit-sharing with the government. Two New Basin subsidiaries, Dakota Gasification Company and Dakota 
Coal Company, will operate the plant and the mine respectively. An Initial payment of $85 million was given to the U.S. 
Department of Energy in November, 198 and ownership of the plant was transferred. 

Budget projections for 1989 are a profit, before interest and depredation, of $11.4 million on revenues of $170.9 million, and 
a product cost of $3.05 per million BTU. 

the first six months of oneration under Dakota Gasification ownerafim. the dent oroduced ins at over 110 cercen 

Project Cost $11 billion 

6SF PILOT PLANT PROJECT - German Democratic Republic (C-250) 

Since 1983 a 30 tonne per day gasification complex has been in operation at Gaskonibinat Schwane Pumpe (6SF) in East Ger-
many. It produces more than 50,000 cubic meters raw gas per hour. Practical results and experience gained during operation of 
this system are planned to be applied to the construction of a large-scale gas works, five to 10 times larger, with an annual output of 
two to four billion cubic meters raw gas. 

The environmental compatibility of the OS? 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 OS? process involves the gasification of pulverized coal under pram, using 
the brown coal of the German Democratic Republic. 

Project Cost Not disclosed 

HANOVER ENERGY DOSWElL PROJECT - Hanover Ener gy Associate; (C-255) 

The coal rouge will be coal wastes located in Western Virginia. 

Construction is scheduled to becin on Jul y 1 and will take two rears, accordin g to documents filed with the Federal Energy 
Regulatory Commission. 

Other eauioment includes four Westin ghouse 5011)5 ins turbine generators, four waste beat recovery boilers and two steam tur-
bine generators. Steam will be sold to National Energetics Company for manufacturing carbon dioxide and vomibly to a nearby 
ceDer cofnmnv,
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STATUS OF COAL PROJECTS (Underline denotes changes since March 19*9) 

COMMERCIAL AND R&D PROJECTS (Continued) 

HUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COD OmbH, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C-260) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The COT 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 at 
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 stag 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 piss. 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 COT gasification process. The process 
design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at l-luenxe. 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 Cost: Not disclosed 

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-BTU gas. 

The multi-purpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Operation is planned to begin in fiscal year 1990. 

The key technology of this gasification process is a two-step spiral flow system. In this sytem, 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 sprint flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal processing capacity 
- Pressure 
- Temperature 
- Oxidant 
- Coal Feed 
- Slag Discharge 
- Refractory Lining

20 ton per day 
1.OMPa 
1,500 to 1,800 degrees C 
Oxygen 
Dry 
Slag Lock Hopper 
Water-cooled slag coating
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STATUS OF COAL PROJECFS (Underline denotes changes since March 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 Co., Ltd. 
Toho Gas Co., Ltd. 
Nippon Mining Company 
The Japan Steel Works, Ltd. 
Hitachi, Ltd. 
Mitsui SRC Development Co., Ltd. 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republica (C-280) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,40) megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being convened into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an SF-is installation is being built at KATEK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Stan up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
design and delivery delays. Preliminary tests indicate that five tons 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 EM-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoye 
deposit. The test unit will have a capacity of 175 tons of coal per hour. The process will produce coke, tar, and combustible gases. 
Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. However, 
a facility to convert the coal tar into fuels and chemicals has not been built. Therefore, the tar will be burned as fuel in the adjacent 
utility. 

A third experimental coal liquefaction unit, S'F-5, is under construction at the Belkonkaya 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 81-5 was to occur in 
1984. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-290) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 60 percent more 
energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas from the process is util-
ized on site to provide the needed heat for the process. The proposed facility will utilize 4 modules each capable of producing 
350,0 tons per year of K-Fuel. Wisconsin Power and Light has agreed to a 10-year purchase agreement for 'a substantial portion' 
of the output of the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River generating station near Debit in 
south.central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost of production, which has yet to 
be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power and Light has the option to invest 
in the process. Engineering drawings have been completed and bids for equipment went out in December, 1988. Construction on-
site is planned for Spring, 1989. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cost: $45 Million for Phase I
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COMMERCIAL AND R&D PROJECTS (Continued) 

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 coal gasification technology to Kellogg Rust and the new organization was named KRW Energy 
Systems Inc., owned 20% by Westinghouse and 80% by the M.W. Kellogg Company. The major activities of KRW Energy Systems 
has been to complete development of a fluidized bed coal gasification technology and to develop a commercial demonstration 
project. 

The major development facility for KRW is a coal gasification pilot plant located at the Waltz Mill site near Pittsburgh, Pennsyl-
vania. This facility has been in operation since 1975 and has accumulated mole than 12,000 hours of hot operation utilizing a broad 
range of coals. These coals include high caking Eastern bituminous, Western bituminous, and lignites with high and low ash con-
tents and high and low, moisture contents. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot lines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psig, with air feed 
to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
per day, depending on coal type. 

The DOE hot gas cleanup program that was initiated in late 1984 will be completed in fiscal year 1988. The results from this 
development program have provided significant cost and efficiency improvements for the KRW gasification technology as applied 
to gasification combined cycle electric power generation. Operations at the Waltz Mill pilot plant with an air blown gasifier using a 
high sulfur (243%) and highly caking Eastern bituminous coal, have achieved the following significant demonstrations: 

- A simplified process to deliver a hot and clean low STU 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 a sulfur polishing mode to reduce fuel gas sulfur levels to less than 20 
ppm. 
- Demonstrated use of sintered silicon carbide candle filters at 1,100-1,200 degrees F and 16 arm pressure to reduce fuel gas 
solid particulates to less than 10 ppm. 
- Delivery of final product fuel gas at high temperature and pressure containing less than 1 ppm combined alkali and heavy 
metals. 

Commercial scale process performance systems studies show the KRW hot gas combined cycle power system to have net heat rates 
less than 8,000 BTU/kWh and capital costs less than 1,250$/kWh for 300400 MW sized plants. A significant feature of these sys-
tems is the modularity of design which provides much planning and construction flexibility. 

Project Cost: Not disclosed 

LAKESIDE REPOWERJNG GASIFICATION PROJECT - Combustion Engineering, Inc. (C-320) 

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 heat will be recovered in a heat recovery steam generator (HRSO). Steam from the gasification process and the HRSG 
will be used to power an existing steam turbine (25 MWe). 

The proposed project is selected for demonstration at the Lakeside Generating Station of City Water, Light and Power, 
Springfield, Illinois. The selected site with associated characteristics and costs includes repowering an existing steam turbine to 
produce 65 MWe via the combined cycle mode. 

The project is Funded under Round 2 of the Department of Energy's Clean Coal Technology Program. 

L&PORTE 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 as tons per day PDU located near LaPorte, Texas. The unit is being run as pail of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Diem Systems. In the process, 
synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. The oil 
acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more con-
centrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. While the technology is particularly suitable to syngas derived 
from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1989) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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 ran, the LaPorte unit was operated under steady-Mate conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day 
with a total production of approximately 165 tons of methanol (30,000 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 Cat: DOE $25.6 million 
Private participants: $3.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT - SO! International, Triton Coal Company (C-MO) 

501 International is developing a 35 megawatt electric cogeneration and coal liquids production facility to be located near Colstrip, 
Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed by 501 International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, SOI's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-art 
technology. Compared with other coal conversion processes where high temperatures and pressures are required, the LFC process 
operates at low pressures and less severe thermal process conditions, some of which require only low-grade and medium-grade heat 
(140 to 600 degrees F). In the system, the electric generation unit supplies waste heat to meet these LFC process thermal loads, 
while the solid waste by-products from the LFC process are used to fuel the electric generation unit 

SQl has obtained a long-term (35 year) power sales agreement with Montana Power Company- The estimated project cost is 
$723 million. SQl International is currently working to obtain a contractor to perform the design and construction of the LFC 
Cogeneration Plant. 

It was announced in late 1988 that the Triton Coal Company (a subsidiary of Shell Mining Company) would join the project, which 
would be sited our Triton's Buckskin Mine, north of Gillette, Wyoming, 

Project Cost: See above 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-350) 

KHD 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 are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-360) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September, 1989, the Lu 
Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT -United Coal Company and United States Department of Energy 
(C-370) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing I ton per day of coal or coal waste. Under the sponsor, 
ship of the United States Department of Energy (DOE), UCC has developed a process that is primarily aimed at recovering the 
energy value contained in wastes from coal cleaning plants. To utilize this waste. UCC developed a mild gasification/coal liquid ex-
traction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues un-
der the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program will undertake the fol-
lowin&

Developing a more detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducting the extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Testing char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces. 

Evaluating the coal liquids as a home heating fuel. 

Distilling the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstration unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, Furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cost: Not disclosed 

MONASH HYDROLIQUEFACFION PROJECT - 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 is 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/hat 
model for brown coat which more recent results suggests may represent an oversimplification of coal structure. The nature of the 
bonding, chemical and/or physical, by which aliphatic material is retained in the lignocellulosic polymer has yet to be defined. 

The use of sodium aluminate as a promoter for the reaction of brown coal with carbon monoxide and water, leading to high yields 
of tow molecular weight products under relatively mild conditions without the use of a recycle solvent, has been established. Some 
success has been achieved in characterising the aluminum species responsible for promoting these reactions but further work is re-
quired. 

Partial oxidation of brown coal is thought to be adventitious for hydroliquefaction, particularly in the carbon 
monoxide/water/aluminate system. 

A wide range of collaborative projects are currently in progress. 

Project Cat: $2.0 million (Australian) since commencement
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COMMERCIAL AND R&D PROJECTS (Continued) 

MONGOLIAN ENERGY CENTER - People's Republic of China (0.390) 

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 lb 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 China's most important center of the coal-chemical industry and the ceramic industry in the next century. 

MRS GASIFICATION PROCESS PROJECT - British Gas plc and Osaka Gas Company Ltd. (C400) 

Work is being carried out jointly by British Gas plc and the Osaka Gas Company Ltd. of Japan, to produce methane and valuable 
liquid hydrocarbon coproducts by the direct thermal reaction of hydrogen with coal. A novel reactor, the MRS (for Midlands 
Research Station) incorporating internal gas recirculation in an entrained flow system has been developed to provide a means of 
carrying out the process without the problems of coal agglomeration, having to deal with excessive coal fines, or excessive 
hydrogenating gas preheat as found in earlier work. 

A 200 kilogram per hour pilot 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 (GRH) reactor that 
British Gas developed to full commercial application for oil gasification. 

Following commissioning of the plant in October 1987, a test program designed to establish the operability of the reactor and to 
obtain process data was started. 

In December, 1988, it was announced that the sponsors would go ahead with the second stage of the joint research program. The 
next step will be to carry out a further three year development program which will expand the pilot plant facilities to enable more 
advanced testing to be carried out. 

Through 1988, performance tests have been conducted at over 30 different operating conditions. Three different coals have been 
tested, and a total of 7 tonnes have been gasified at temperatures of between 840 degrees centigrade and 1,000 degrees centigrade. 
However, the initial plant design only allowed tests of up to a few hours duration to be carried out. The new program will allow 
tests each lasting for days rather than hours by modifying the plant to allow a continuous stream of fine powdered coal to be fed 
into the reactor. 

Project Cost:	 Phase I $16 million 
Phase 11 $7.4 million 

NEDOL BITUMINOUS COAL LIQUEFACTION PROCESS - New Energy 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 first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 150 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 150 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 arm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. 

In 1988,5 different coals were processed in the bench scale unit with encouraging results. 

Project Cat: 100 billion yen, not including the three existing PDU
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COMMERCIAL AND R&D PROJECTS (Continued) 

NYNAS ENERGY CHEMICALS COMPLEX - AdA, A. Johnson & Company, and the Swedish Investment Bank (C-420) 

A group of Swedish companies are planning to build a gasification plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce fuel gas for a combined cycle unit and synthesis gas for ammonia 
production. Initially, the facility will produce 280 megawatts of electricity, 200,000 tons of ammonia per year, hot water for the 
Southern Stockholm district heating system, and industrial gases (oxygen, nitrogen, and argon). Also, 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 are: AdA, 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 Kombinate AB, which owns 100 percent of 
NEX. AGA will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

01110-I COAL CONVERSION PROJECT— Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-430) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project to 
produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to produce 
300,000 gallons per day of an octane enhancer (methanol with co-solvents and conion inhibitors) directly from coal. Production 
of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This plant will use 
high grade sulfur coal from existing mines in the area. 

The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw synthesis gas. The gas 
is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler feed 
water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the gasifier 
to improve the carbon conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw gas, 
cleaned of particulate matte; is processed in the synthesis section. 

Construction was scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

Project Cost: $260 million 

OHIO COAL/OIL CO-PROCESSING PROJECT - Ohio Clean Fuels Inc., Stone and Webster Engineering Corp., Hill Inc., Ohio Coal 
Development Office, and United States Department of Energy (C-440) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. This plant will convert high sul-
fur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both are 
simultaneously converted to clean distillate fuels. A "typical' C 4-975 degrees F distillate fuel will contain Q percent sulfur and 
0.3 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant is slated for 1994. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $217.5 million 

OULU AMMONIA FROM PEAT PROJECT - Kemira Oy (C450) 

Kemira of Finland is building a pressurized fluidized bed peat gasification system for producing synthesis gas. The gas will be used 
for ammonia and other chemicals. Ammonia production is to be 80,000 tons per year. 

Currently Kemira operates in Oulu a minor ammonia plant based on the gasification of heavy fuel oil. However, peat is the only 
realistic domestic raw, material for synthàis gas in Finland. Therefore, a research program aiming at the gasification of peat was 
started in the middle of the 1970s.
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The gasification plant includes as integrated individual processes: peat transfer, screening, crushing, drying, pressurized HTW 
fluidized bed gasification, soot removal, raw gas compression and three-stage gas purification. The existing Pyroflow boiler plant 
serves for energy supply and a waste incinerator. The gasification plant was placed in operation in June 1988. It has a capacity of 
150 megawatts, thermal. 

Project Cost: Investment costs are expected to be F1M225 million. 

P-CIG PROCESS - Interproject Service AR, Sweden and Nippon Steel Corporation. Japan (C-455) 

According to proiect sponsors, the P-CIG Process is highly suitable for integration with combined cycle electric power generation. 
This application might be of special interest for the future in Sweden. 

POLISH DIRECT LIQUEFACTION PROCESS - Coal Conversion Institute, Poland (C460) 

In 1975, Polish research on efficient coal liquefaction technology was advanced to a rank of Government Program PR-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 (unmarred coal and ash) from the coal extract, and continuous operation was 
not acheived. In the early eighties a decision was made to start investigations on direct coal hydrogenation under medium pressure. 

Investigations of the new technology were first carried out on a bench-scale unit of five kilograms of coal per hour. The coal con-
version and liquid products yields obtained as well as the operational reliability of the unit made it possible to design and construct 
a PDU scaled for two tonnes of coal per day. 

The construction of the direct hydrogenation EDU 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 proc is the recycle of part of the 
heavy product from the hot separator through the preheater to the reaction zone without pressure release. Thanks to that, a good 
distribution of residence times for different fractions of products is obtained, the proper hydrodynamics of a three-phase reactor is 
provided and the content of mineral matter (which 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 parameters. 

The results from the operation of the PDU will be used in the design of a pilot plant with a capacity of 200 tonnes coal per day 
which is expected to be completed by the end of the eighties. 

POWERGEN COMBINED PFBCJGCC SYSTEM - PowerGen. Ahlstrom. and British Coal 

PowerGen. the non-nuclear successor com pany to Great Britian's Central Electricity Generating Board (CEGS). has proposed a 
research proiect utilizing the pressurized fluidized bed combustion process (PEBC) developed at Grimethorpe. South Yorkshire. 

The proicci is intended to increase the outout of the power station by incorporation a turbine which runs on a combination of 
gasified coal and exhaust from the oressurized fluizied bed combustor.
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To overcome this. British Coal engineers nmvosed a topping cwle. It would entail in jecting a fuel gas into the hot PFBC combus-
tion Vs and burning the combination in the Zn turbine inlet, raisin g the hot gas temoerature to 1.100 C or more. 

At first, the fuel gas would be natural gas. In due course the intention would be to counle 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 - Krupp Koppers GmbH (1(K) (0470) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of 01(1' Gesellsehaft fuer Kohie-Technologie) 
arc presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRENFLO (pressurized entrained flow) process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (1(1) 
flow gasifier. 

In 1973, KK started experiments using a pilot KT gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij BV and KK for a cooperation in the development of the pressurized version of the 1(1' 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENF'LO 
process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput at an operating pressure 
of 30 bar. The plant is located at Fuerstenhausen, West Germany. B y September 1988. more than 6.200 hours of o peration had 
been accumulated. 

Project Cost: Not disclosed 

R1-IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-480) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

The development was started at the lnstitut fur Eisenhuttenkunde of Aachen Technical Universit y in an ambient pressure process 
development unit (PDU) of about 50 kilonams per hour coal throughput. 

Based on the results of pre-tests with this PDU a pilot plant onerating at pressure of 10 bar was built in July 1978 at the Wachtberg 
plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 13 tons per hour dry lignite. By end of 
June 1985 the test program was finished and the plant was shut down. From 1978 until June 1985 about 21,000 tonnes of dried 
brown coal were processed in about 38,000 hours of operation. The specific synthesis gas yield reached 1$0 standard cubic meters 
per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically calculated value. At feed rates of about 
1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic meters per hour per square meter of 
gasifier area was more than threefold the values of atmospheric Winkler gasifiers.
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Rheinbrnun constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. All 
engineering for gasifier and gas after-treatment including water snubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. From startup in January 1986 until end of July 1988 about 240,0 tonnes of dried brown coal were processed within about 
10200 hours of operation. During this time about 276 million cubic meters of synthesis gas were produced. The plant availability 
was increased from low values in the beginning up to 80 to 90 percent. Carbon conversion reached a maximum value of 98 percent. 

Studies for further development of the HTW 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 6.5 tons per hour is planned on the site of the 
former pilot plant of hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction was planned for completion in mid-1989. 

Project Cast: Undisclosed 

SASOL - Sasol 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 Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectivtly.  

The two Seconds plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor- 
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,000 tons and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen are by far the 
largest in the world. 
Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Recticol gas purification units, symbol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, ammonia for the group's Fertilizer and Explosives Divisions, and 
oronviene for the Polvoronvlene Division. 

Sasol's Mining Division manages the rm Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastcch, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost: SASOLTwo $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction
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SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA. an  Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C-SG)) 

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,ODO 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 (CCL?). A feasibility report was com-
pleted and financeability options discussed with governments concerned and other parties. 	 - 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 115 barrels per day based on a conrocessina conce pt and nurchased the Point Tupper site from Ultramar Canada Inc. Recent 
developments in co-processing technology have reduced the capital cost estimates to under SC500 million. 

Scotia Synfuels and partners have also concluded an aneement with the Nova Scotia government su pported by the federal govern-
ment for financial assistance on a $23 million coprocessing feasibility study, The study is exnected to be com pleted by June. 1990. 

Project Cost: 	 Approximately $2i million for the feasibility study 
Approximately 	 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-510) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GET 
entrained-flow coal gasification, 1C1 methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgrass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. The 
plan is to use circualting fluidized bed technology, fueled with up too percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including stan-up, commissioning, engineering, procurement, and construction, and financing 
costs, are 

Project Cost: See above 

SEP GASIFICATION POWER PLANT PROJECT - SEP (520) 

Samenwerkende Elektriciteits-Productiebedrijvn (SEll, 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 60) megawatt coal gasification unit at Maasvtakte, near Rotterdam, but construction for 
startup in 1997 will now be based on experience gained from the smaller plant. 

SEP gy 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 Buggenum, in the province of Linburg. 

After two years of experimentation, the plant may be expanded to 600 mewntts capacity. 

Project Cost: DFI3tX) 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 100,000tons per year of methanol and 15,000 tons per year of acetate fiber. Completion is due in 
1991
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SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-530) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Decem-
ber 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell HambunJflarburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1.000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Shell Oil Company 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 processa 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 a 
participant in the program. 

Shell's demonstration unit started up in July 1987 and reached design capacity within the first 50 hours of operation. During the 
five month period from December 1987 to May 1988, the unit operated at design conditions 82 percent of the time. Additionally, 
the unit has successfully completed a planned demonstration run of 1500 hours - or more than two months - of continuous opera-
tion. The plant operated smoothly and met design conditions. During the demonstration the unit consumed about 230 tons daily 
of Illinois No. 5 coal containing 3 percent sulfur. The smooth plant operation during this long run indicates the reliability of the 
process and mechanical features of the Shell Coal Gasification technology. 

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-
timizing design rules and technology improvements. Seven different coals have been run in the demonstration unit includin g those 
from the Illinois Basin, Northern and Central Aonalachia. Powder River Basin. Texas li gnite, and an Australian coal. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-MO) 

The British Gas Corporation (BCC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a throughput of 350 tons per day.) The plant successfully operated on a wide range of British and 
American coals, including strongly caking and highly swelling coals. The ability to use a considerable proportion of fine coal in the 
feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal through the tuyeres 
into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. The coal is gasified in 
steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification is substantially com-
plete with a high thermal efficiency. A long tenn proving run on the gasifier has been carried out successfully. Total operating 
time was over one year and over 100.000 tons of coal were gasified. 

A new phase, started in November 1984, is the demonstration of a 500 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 8K 30 Rolls Royce Olympus turbine to gener-
ate power for the grid. The turbine is supplied with product gas from the plant. It has a combustor temperature of 1,950 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. Currently, this gasifier has operated for approximately 84 days 
and has gasified over 32.000 tons of U.K. and U.S. (Pittsburgh No. 8) coals. 

In addition to the current 500 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 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
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SOtJTI1 AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-550) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional p0-ti station capacity require- 
menu in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-&"g, and ICrupp.Koppers. Heads of Agreement have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bcwmans deposit in the Rheinbraun HTW gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, PRO, in August 1985. Testing Bowmans coal in 
the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg. PRO has been completed. 

Project Cost: DM 7.5 million 

SYNTIIESEGASANL&GE RUHR (SAR) - Ruhrkohle Oct and Gas GmbH Ruhrchemie AG (C-560) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Hotten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhzchemie's oxosynthesis plants. Approximately 220,000 tons of German hard coal have been gasified up to the end of 1988 to 
produce synthesis gas and hydrogen. The investment is subsidized by the Federal Minister of Economics of the Federal Republic of 
Germany. The Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia participates in the 
coal costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-570) 

The Texaco Coal Gasification Process reached a milestone in January, 1989 with the successful completion of the fi year demonstration 
of commercial operation by the Cool Water Coal Gasification Program. After production of more than 23 billion kilowatt hours of 
electricity from gasification more than one million tons of coal, the Cool Water Program completed operation in late January to permit 
full documentation of the results. As the first fully integrated commercial scale gasification combined cycle power plant in the world, 
Cool Water demonstrated the ability of the texaco process to efficiently use a wide range of coals in an environmentally superior manner. 
Emissions of sulfur dioxide, oxides of nitrogen and particulates from even high sulfur coals were far below the stringent Federal New 
Source Performance Standards requirements for coal fired plants. 

The Texaco Coal Gasification Process can be used for the commercial production of electric power and a variety of products, and has ap-
plication for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects currently in operation utiliz-
ing 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 LuNan Coal Gasification Plant in China to manufacture ammonia, and the 1,100 tons per day Shoudu Coal 
Gasification Plant in Beijing. China, which will produce town gas. Many United States utilities are actively considering coal gasification 
for future electric power capacity additions, and are working with Texaco on detailed site-specific studies of the Texaco process. Outside 
the U. S. many projects using Texaco's technology are in the evaluation stage and include plants to be located in the Netherlands, Sweden, 
Denmark, Italy and China. 

Project Cost: Not applicable 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-580) 

The TVA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located at Muscle Shoals, 
Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day ammonia plant. Plant 
construction was completed in mid-1980. Capital costs total $46 million. Brown and Root of Houston held the $25.6 million con-
tract for the construction of the eight ton per hour coal gasifier. The air separation plant was built by Air Products and Chemicals, 
Inc. at a cost of $5 million. The remainder of the work was done by TVA. The coal gasifier can provide 60 percent of the gas feed 
to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural gas, if desired. The initial 
feed to the coal gasifier was Illinois No. 6 seam coal.
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The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology conference in October 1980 
and continued in itennittent operation until 1981. However, actual production of feed gas for ammonia manufacturer was not ac-
complished because of mechanical problems. The plant was shut down while modifications were made to the gasifier and other 
downstream processes and equipment. 

The plant was restarted in April 1982. Operations continued intermittently through November 1982 and culminated in a 5-day per-
formance test. Although the plant did not meet all the contract perfonnance requirements, particularly in the sulfur recovery area, 
the facility did provide synthesis gas for the production of ammonia. Plant operations continued for 12 days, prior to being shut 
down at the end of the performance test. Total operating time was approximately 1,600 hours. 

The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was made in July and 
was followed by a 20-day test using EDS residues. Additional tests were made in late 1984 and 1985. The project was completed 
and the facility was shut down in September 1985 after operating for 3,600 hours. 

Project Cost: $60 million total 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-590) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process ("TCGfl. There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1981 Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was 
obtained in early August 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 mange 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 nude oil and coal increases. 

Project Cost - Not disclosed 

VEW GASIFICATION PROCESS - Vereinigte Elektriritatswerke (C-600) 

A gasification process being specially developed for application in power plants is the yEW Coal Conversion Process of Vereinigte 
EJektrizitatswerke, 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 onl y partly aasified, it is not necessary 
to use oxveen. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near Dortmund since 1985. Super-
heated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are being tested for gas cleaning, 
whereby both wet and dry gas cleaning are being applied. These consist of: 

Wet gas-cleaning with prescrubbing to remove NH 4CL, and amisol washing plus a Clam plant to remove sulfur. 

Prescrubbing to remove N}I4CL, with combustion of gases free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation in the FOD plant. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which lime is used as a reagent, with sulfur 
removal in the POD plant. 

VEW is presently planning the conversion of one of its six Las-fired Power stations to the new technoloty. The coal aasification 
process is expected to be fully developed by 1990. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Drown Coal Liquefaction (Victoria) fly. Ltd. (C-610) 

BCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. DCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho lwai, Idemilsu Kosan, and Asia Oil. 
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STATUS OF COAL PROJECI'S (Underline denotes changes since March 1989) 

COMMERCIAL AND R&D PROJECI'S (Continued) 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). NBCL is entrusted with implementation of the entire program, and BCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 

The aim of the pilot plant is to provide data on the DCL Process developed since 1971 by members of the consortium. Tentative 
plans call for construction beginning near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Moiwetl open cut brown coal mine. Davy McKee Pacific fly. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WUJING TRIGENERA11ON PROJECT - Shanghai Coking and Chemical Plant (0620) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and sleam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the 
existing coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity-,100 metric tons per hour of low pressure steam; and 300,000 metric tons per year of 99.85 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program (ID?), 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 Planninz Board at the end of Se ptember. 1989. 

Project Cost: Not disclosed

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 UCG. 
However, experts from the United States, France, Netherland, Belgium, and West Germany concluded that the depth of the 
coal—approximately 2,750 feet—may cause some challenges, but have agreed with the strategy adopted by India for detailed 
geological, geophysical and hydrological studies prior to gasification and proposed horizontal drillin& 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 (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. Another well is proposed to 
be drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1989) 

Underground Gasification Projects (Confirmed) 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT— Belgium, European Economic 
Community, and Federal Republic of Germany (C-640) 

A Belgo-Gennan trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has grown 
since 1976, when a Belgo-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 coat in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after 
scattering of this fire, the oxygen content of the exhaust gases increased to a level when it should be possible to again develop 
reverse combustion starting From the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting ca. 500 cubic meters per hour air and 50 cubic 
meters per hour carbon dioxide under 250 bar and keeping a backpressure of 100 bar at the outlet. 

During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 12 days. A 
careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence that a channel had been 
started. The experiment has been stopped, while intensive work is devoted to solving the corrosion problems (the tubing has to 
withstand both cold and hot corrosion), and to preparing a trial with strongly deviated drillings, starting from the existing wells. 

This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has been drilled from 
Well I in the direction of Well II, and a flexible liner has been set inside this drainhole. However, the azimuth control was poor. It 
is planned to drill a sidetrack from Well II and to link it with the drainhole in early 1986; this delay is due to the long delivery time 
of the special, corrosion resisting material to be set inside Well II. 

In December 1985 and January 1986, a sidetracked hole was drilled from the level 670 of Well II and crossed the scam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in the 
injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. The 
preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 
After preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took place 
on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the 
injection well, the sponsors decided to start the gasification without any change to the equipment. 

They tried to provoke self-ignition of the coal by injecting a small now of oxygen enriched air this succeeded on October 14. the 
program is: first, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/oxygen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed air as the gasifying medium. 

Project Cost: Not disclosed
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Underground Gasification Projects (Continued) 

UNDERGROUND COAL GASIFICATION, LINT, STUDIES - Lawrence Livermore National Laboratory (0650) 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C.660) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific are continuing. 

Shedden Pacific Ply. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for UCG. These reserves are unlikely to be economically recoverable by open pit or underground mining methods, 
and would support a 250 megawatts power station for approximately 25 years. 

The preliminary design laid out in the study is based on a gasification panel consisting of a coal seam 13 meters thick, with dip 
angle of 10 degrees to 13 degrees, into which one blast air borehole and two production boreholes are drilled horizontally. Each 
panel is 400 meters long and 80 meters wide with the blast air borehole located along the central axis and the production bores 
spaced equally on either side.
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Underground Gasification Projects (Continued) 

The blast air and production boreholes are drilled down dip using deviated drilling techniques. At the down dip end of the panel 
are located four vertical ignition bores equally spaced across the panel. A blast borehole in the seam has the great potential 
advantage that, provided that it does not burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN 1 
TEST 

- Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Company, and United States Department of Energy (C-GA)) 

A field test of the Controlled Retracting Injection Point (CRIP) technology was conducted in late 1987 and early 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 1970 by the government to conduct some of the 
United States' first underground coal gasification tests. The CRIP technique was conceived by LLNL in the late lfl to improve 
the efficiency, boost resource recovery, and increase the reliability of underground coal gasification. The CRIP method uses a 
horizontal well drilled along the base of a coal seam that is lined with a thin-walled metal pipe to supply oxygen to the coal to 
support the gasification process. To gasify the coal, successive sections of the well liner are burned away and the coal seam is 
ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward producing 
medium-BTU gases. The gases are transported to the surface either through a second horizontal well near the top of the seam or 
through widely spaced vertical wells bored into the coal seam. As sections of the coal seam gasify, a cavity forms and ultimately 
reaches the top of the seam. Then, the ignition device is moved, or "retracted," to a fresh section of coal, and the process is 
repeated. 

A 30 day field test of the CRIP technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The Rocky Mountain 1 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 CRIP 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 CR1? 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 BTIJ/SCF, dry gas comp. 38% H, 9% CH 4, 12% 
CO and 38% CO 21 at an oxygen utilization efficiency level of 1640 BTU/O 2 (lh''). 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company a joint venture of 
Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-680) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, RAWLINS PROJECT— Energy International, Inc. and United States Department of 
Energy ((>690) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Energy's Clean Coal Technology 
Program in support of an underground coat gasification (UCG) project near Rawlins, Wyoming. The DOE money, which will be 
repaid from any resulting profits, will supplement the private sector financing that will fund the UCG production of s yns to make 
ammonia. 

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 utilizin g 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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Underground Gasification Projects (Continued) 

As part of its Rawlins project, El Plans to purchase an existin g ammonia plant In Augusta, Georgia and an existin g oxncn plant in 
Sault Ste. Marie. Canada, and move them to the Wyoming project site. 

Project Cat: jfl million
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COMPLETED AND SUSPENDED PROJECTS 

Project 

A-C Valley Corporation Project 

Acurex-Aerotherm Low-BTU Gasifier 
For Commercial Use 

ADL Extractive Coking Process 
Development 

Advanced Hash Htopymleis 

Agglomerating Burner Project 

Air Products Slagging Gasifier 
Project 

Alabama Synthetic Fuels Project 

Amax Coal Gasification Plant 

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 

RI-GAS Project 

Breckinridge Project 

Burnham Coal Gasification 
Project 

Byrne Creek Underground Coal 
Gasification 

Calderon Fixed-Bed Slagging Project 

Car-Mox Low-BTU Gasification 
Project 

Catalytic Coal Liquefaction

Sponsors 

A-C Valley Corporation 

Acurex-Aerothenn Corporation 
Glen-Gary 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 

AMFAR Inc. 
Applied Energetics Inc. 

AMAX, Inc. 

Gallagher Asphalt Company, 
Standard Havens, Inc. 

Dow Chemical Company, 
Electec Inc. 
International Paper Company 

CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

See Tenneco SNO 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 

Fike Chemicals, Inc. 

Gulf Research and Development

Last Appearance in SFR 

June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-23 

June 1987; page 447 

September 1978; page B-fl 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

December 1984 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 

Man,l, 1987; page 4-90 

December 1985; page 4-73 

March 1980 page 4-53 

December 1978; page B-25 
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Caterpillar Low BTU Gas From Coal Caterpillar Tractor Company September 1988; page 4-55 

Celanese Coastal Bend Project Celanese Corporation December 1983; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Eight Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 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 Ebasco Services, Inc. June 1987; page 4-51 
United Slates State Department (Trade & Development) 

Chokecherry Project Energy Transition Corporation December IM, page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982; page 445 

Clean Coke Project United States Department of Energy December 1978; page B-26 
U-C, Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page B-26 

Coalex Process Development Coolies Energy December 1978; page B-26 

CO GAS Process Development COGAS Development Company, a joint December 1983; 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 1983; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated On Supply Company
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Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy

Cresap Liquid Fuels Plant Fluor Engineers and Constructors December 1979; page 4-67 
United States Department of Energy 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Crow Indian Coal-to-Gasoline Crow Indian Tribe September 1984; page C-S 
Project TransWorld Resources 

DeSota County, Mississippi Mississippi Power and Light September 1981; page 4-58 
Coal Project Mississippi, State of 

Ralph M. Parsons Company 

Dow Coal Liquefaction Process Dow Chemical Company December 1984; page 4-70 
Development 

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 A.G. 
United States Department of Energy 

Elmwood Coal-Water-Fuel Project Foster Wheeler Tennessee March 1987; page 4-66 

Emery Coal Conversion Project Emery Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon Coal Gasifier Enrecon, Inc. September 1985; page 4-66 

Exxon Catalytic Gasification Exxon Company USA December 1984; page 4-73 
Process Development 

Fairmont Lamp Division Project Westinghouse Electric Corporation September 1982; page 4-76 

Fast Fluid Bed Gasification Hydrocarbon Research, Inc. December 1982; page 4-90 
United States Department of Energy 

Fiat/Ansaldo Project Ansaldo March 1985; page 4-66 
Fiat TTG 
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
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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 1983; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Greek Lignite Gasification Project Nitrogenous Fertilizer Industry (AEVAL) September 1988; page 4-61 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

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 Lie 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 11-31 
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 Two-Stage Liquefaction Cities Service/Lummus September 1986; page 4-69 

IT!' 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 11-18 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 445 
Project Administration
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Ken-Tea Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1984 page 4-71 

King-Wilkinson/Hoffman Project B. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

KJLnGAS 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 
US. Department of Energy 

Lake DeSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestern 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 Athena Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 449 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-flit 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.
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Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Clues Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural On Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1918; page B-fl 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 198Z page 4-87 
Reduction Process Mid= Corporation 

Millmerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 

- Western Energy Co. 
Weyerhaeuser 

Minnegasco High-Wit Gas Minnesota Gas Company March 1983; page 4-108 
From Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 448 

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
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Proiect S'nsors Last Appearance in SPIt 

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 On & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

Nev, Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 Project Babcock & Wilcox Company 
Slunytech, Inc. 

New Mexico Coal Pyrolysis Project Energy Transition Corporation September 1988; page 4-67 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels IntcrNorth 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 Ruhrchemie AG September 1986; page 4-79 Project Ruhrkohle Get & Gas GmbH 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 

- Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PEW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 445 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharonfxlockner Project Kiockner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-UM Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy
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Project	 Sponsom	 Last Apveannct in SER 

Plasma Arc Torch Swindell-Dresser Company 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

December 1978 page B-33 

December 1985; page 4-86 

March 1979 page 4-86 

Purged Carbons Project 

Pyrolysis Demonstration Plant 

Pyrolysis of Alberta Thermal Coals, 
Canada 

Riser Cracking of Coal 

RUHR100 Project 

Rjieinbraun Hydrogasification of Coal

Integrated Carbons Corporation 

Kentucky, Commonwealth of 
Occidental Research Corporation 
Tennessee Valley Authority 

Alberta/Canada Energy Resource 
Research Fund 
Alberta Research Council 

Institute of Gas Technology 
United Sates Department of Energy 

Ruhrgas AG 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Reinische Braunkohienwerke 
Lurgi GmbH 
Ministry of Research & Technology

December 1993; page 4-108 

December 1978; page B-34 

March 1985; page 4-90 

December 1981; page 4-93 

September 1984; page C-V 

December 1987; page 4-80 

Saarbergwerkc-Otto Gasification Saarbergwerke AG June 1984; page 4-86 
Process Dr. C. Otto & Company 

Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel IClockner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Simplified 10CC Demonstration Project General Electric Company September 1984 page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy

September 1985; page 4-78 Sagging Gasification Consortium 
Project 

Sohio Lima Coal Gasification/ 
Ammonia Plant Retrofit Project 

Solution-Hydrogasification 
Process Development

Babcock Woodall-Duckham Ltd. 
Big Three Industries, Inc. 
The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Alternate Energy Development 
Company 

General Atomic Company 
Stone & Webster Engineering Company

March 1985; page 4-93 

September 1978 page B-31 
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Project Snonsors last Appearance in SFR 

Southern California Synthetic C F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabntor-Frye Inc. 

Steam-Iron Project 	 . Gas Research Institute December 1978; page 8-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 8-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978, page 8-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project 

Tenneco SNG From Coal 

Tennessee Synfuels Associates 
Mobil-M Plant 

Toscoal Process Development 

Transco Coal Gas Plant 

Tri-State Project 

TRW Coal Gasification Process 

Two-Stage Entrained Gasification 
System 

Underground Bituminous Coal 
Gasification 

Underground Coal Gasification 

UCG Brazil 

UCG Brazil 

Underground Coal Gasification, 
Canada 

Underground Coal Gasification, 
English Midlands Pilot Project 

Underground Coal Gasification, 
Hanna Project 

Underground Coal Gasification 
Hoe Creek Project

The Signal Companies, Inc. March 1985; page 4-94 

Tenneco Coal Company March 1987; page 4-85 

Koppers Company, Inc. December 1983; page 4-112 

TOSCO Corporation	 September 1988; page 4-72 

Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Kentucky Department of Energy December 1983-, page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW, Inc. December 1983; page 4-114 

Combustion Engineering Inc. June 1984; page 4-91 
Electric Power Research Institute 
United States Department of Energy

Morgantown Energy Technology Center	 March 1987; page 4-93 

United States Department of Energy	 June 1985; page 4-75 
University of Texas 

Compannia Auxiliar de Enipresas Electricas Brasiteriras September 198% Page 4-75 

Companhia Auxiliar de Empresas Electricas Brasileiras 	 Decemeber 1988; page 4-25 
U.S. DOE 

Alberta Research Council	 September 1984; page C-37 

British Coal	 September 1987; page 4-76 

Rocky Mountain Energy Company 
United States Department of Energy 

Lawrence Livermore Laboratory 
United States Department of Energy

June 1985; page 4-75 

December 1983; page 4-119 
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Project Svonsom Last Annearance in SPIt 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Deep Scams Groupe d'Etudes de In Gazeification Souterraine December 1987; page 4-86 
Charbonnages de Prance 
Clazde Fiance 
Institut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1993; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Comnier- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synluels Corporation December 1985; page 4-90 

Verdigris Agiico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978 page B-fl 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coal Conversion Project WyCoalGas, Inc. (a Panhandle Eastern December 1982; page 4-112 
Company) 

Zinc Halide Hydrocracking Conoco Coal Development Company June 1981; page 4-86 
Process Development Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS

Company or Orcanization Proiect Name 

ABC Ltd. ABC Ammonia/Methanol Operations 4-65 
Coalplex Project 4-69 

AGA Nynas Energy Chemicals Complex 4-82 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-78 

A. Johnson & Company Nynas Energy Chemicals Complex 4-82 

Amoco Production Company Underground Coal Gasification Rocky Mountain I Test 4-93 

Asia Oil Victoria Brown Coal Liquefaction Project 4-89 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-89 

Basin Electric Cooperative Great Plains Gasification Plant 4-74 

Bechtel Inc. Appalachian Project 4-65 
Cool Water Coal Gasification Project 4-70 

Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 4-91 

Bharat Heavy Electricals Ltd. RHEL Coal Gasification Project 4-65 
BI-1EL Combined Cycle Demonstration 4-66 

BP United Kingdom, Ltd. Monash Hydroliquetaction Project 4-80 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-93 

British Coal British Coal Liquid Solvent Extraction Project 4-66 
CR11 Spouted Bed Gasifier 4-71 
PowerGen Combined PFBC/GCC System 4-83 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-66 
CR11 Spouted Bed Gasifier 4-71 

British Gas Corporation MRS Gasification Process 4-81 
Slagging Gasifier Project 4-87 

Broken Hill Pty. Broken Hill Project 4-67 

Brookhaven National Laboratory Brookhaven Mild Gasification of Coal 4-67 

Brown Coal Liquefaction Ply. Ltd. Victoria Brown Coal Liquefaction Project 4-89 

Carbocol Colombia Gasification Project 4-70 

Carbon Fuels Corp. Char Fuels Project 4-68 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-76 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-72 

Char Fuels of Wyoming Char Fuels Project 4-68 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-78 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-79 
Corporation

SYNTHETIC FUELS REPORT, JUNE 1989 
4-105 



Company or Orianization Project Name 

Coal Conversion Institute Polish Direct Liquefaction Process 4-83 

Coal Gasification COCA-i Project 4-69 

Combustion Engineering Lakeside Repowering Gasification Project 4-78 

Continental Energy Associates Can-Do Project 4-68 

Deutsche Babcock AG l-luenxe COT Coal Gasification Pilot Plant 4-76 
DEVCO Scotia Coal Synfuels Project 4-86 

Dow Chemical Dow Syngas Project 4-73 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-64 
Cool Water Coal Gasification Project 4-70 
Laporte Liquid Phase Methanol Synthesis 4-78 
Underground Coal Gasification Rocky Mountain 1 Test 4-93 

Empire State Electric Energy Cool Water Coal Gasification Project 4-70 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-82 

Energy Brothers Inc. K-Fuel Commercial Facility 4-77 

Energy International Underground Coal Gasification, Arnmonia\Urea Project 4-93 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 4-91 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Tat 4-93 

Gelsenberg AG Huenxe COT Coal GAsification Pilot Plant 4-76 

General Electric Company Cool Water Coal Gasification Project 4-70 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-93 

German Democratic Republic GSP Pilot Plant Project 4-75 

GFK GesellschaIt fur Kohlewerflussigung GFK Direct Liquefaction Project 4-74 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-86 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4-93 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-86 

Hanover Energy Associates Hanover Energy Doswell Project 4-75 

iioechst-Uhde Corporation Ohio-I Coal Conversion Project 442 

HIt! Inc. Ohio Ontario Co-Processing Project 4-82 

ldemitsu Kosan Victoria Brown Coal Liquefaction Project 4-89 

Interproject Service AD P-CIG Process 4-83 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-89 

Japan cool Water Program Cool Water Gasification Project 4-55 

70
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-65 
KRW Energy Systems Inc. Advanced Coal Gasification 4-78 

System for Electric Power Generation

SY&fllEflC FUELS REPORT, JUNE 1989 
4-106 



Company or Ornnization	 Project Name 

Kemira Oy 

KHD Industries 

Kobe Steel 

Korf Engineering 

Krupp Koppers GmbH 

Lawrence Livermore Laboratory 

Manfred Nemitz Industrieverwaltung 

Minister of Economics 

Mitsubishi Chemical Industries 

Monash University 

New Energy Development Organization 

Nippon Brown Coal Liquefaction Co. 

Nippon Steel Corporation 

Nissho Iwai 

Nokota Company 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Osaka Gas Company 

Otto-Simon Canes 

Pennsylvania Electric Company 

Peoples Republic of China 

Petit-Canada 

PowerGen 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rheinische Braunkohlwerke 

Royal Dutch/Shell Group 

Ruhrkohle AG

Oulu Ammonia From Peat Project 

Lulea Molten Iron Pilot Plant 

Victoria Brown Coal Liquefaction Project 

Corex Iron Making Process 

PRENFLO Gasification Pilot Plant 

Underground Coal Gasification - LLNL Studies 

Huenxe COT Gasification Pilot Plant 

Bottrop Direct Coal Liquefaction Pilot Plant 

Victoria Brown Coal Liquefaction Project 

Monash Hydroliquefaction Project 

CRIEPI Entrained Flow Gasifier 
Hydrogen From Coal Pilot Plant 
Nedol Bituminous Coal Liquefaction Project 

Victoria Brown Coal Liquefaction Project 

P-CIG Process 

Victoria Brown Coal Liquefaction Project 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Scotia Coal SynCuels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

MRS Gasification Process 

CRE Spouted Bed Gasifier 

Appalachian Project 

Mongolian Energy Center 
Shanghai Chemicals from Coal Plant 

Scotia Coal Synfuels Project 

PowerGen Combined PFBC/OCC System 

Hydrogen From Coal Pilot Plant 

Rheinbraun High Temperature Winkler Project 

Shell Coal Gasification Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal liquid Solvent Extraction Project 
Synthesegasanlagt Ruhr (SAlt)

4-fl 

4-79 

4-89 

4-71 

4-84 

4-92 

4-76 

4-89 

4-80 

4-72 
4-76 
4.81 

4-89 

4-83 

4-89 

4-73 

4-66 
4-88 

4-86 

4-86 

4-82 

4-90 

4-81 

4-71 

4-65 

4-81 
4-86 

4-86 

4-83 

4-76 

4-84 

4-87 

4-66 
4-66 
4-88 
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Company or Orannization Project Name 

Saabergwerke AG GPK Direct Liquefaction Project 4-74 

Sasol Limited Sasol Two and Sasol Three 445 

Scrubgrass Associates Scnibgrass Project 4-86 

SGI International LFC Coal Liquefaction/Cogeneration Plant 4-79 

Shanghai Coking & Chemical Corporation Wujing Trigenerntioo Project 4-90 

Shell Oil Company Shell Coal Gasification Project 4-87 
LIt Coal Liquefaction Plant 4-79 

Sohio Alternate Energy Development Cool Water Coal Gasification Project 4-70 
Company 

South Australia, Government of South Australian Coal Gasification Project 4-88 
Underground Coal Gasification, Leigh Creek 4-92 

Southern California Edison Cool Water Coal Gasification Project 4-70 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-93 

Stone & Webster Engineering Corporation Ohio Ontario Co-Processing Project 4-82 
Sumitomo Metal Industries, Inc. Lulea Molten from Pilot Plant 4-79 

Swedish Investment Bank Nynex Energy Chemicals Company 4-82 

Tennessee Eastman Company Chemicals From Coal 4-68 

Texaco Inc. Cool Water Coal Gasification Project 4-70 
- Texaco Coal Gasification Process 4-88 

Triton Coal Company Lit Coal Liquefaction Plant 4-79 

TVA WA Ammonia-From-Coal Project 4-88 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-89 

Uhde GmbH Rheinbraun High Temperature Winkler Project 4-84 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain 1 Test 4-93 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-77 

United Coal Company Mild Gasification Process Demonstration Unit 4-80 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-64 
Appalachian Project 4-65 
KRW Advanced Coal Gasification System for 4-78 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-78 
Mild Gasification Process Demonstration Unit 4-80 
Ohio Ontario Co-Processing Project 4-82 
Underground Coal Gasification Rocky Mountain I Test 4-93 
Underground Coal Gasification, Ammonia/Urea Project 4-93 

Veba Oel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-66 
Vereinigte Elektrizitatswerkc VEW Gasification Process 4-89 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-89 

Virginia Power Hanover Energy Doswell Project 4-75 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-82
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Company or Ortanization	 Picket Name 

West German Federal Government 	 Underground Coal Gasification, Joint Belgo-German Project 	 4-91 

West German Federal Ministry of 	 Bottrop Direct Coal Liquefaction Pilot Plant Project	 4-66 
Research & T&hnolov	 GFK Direct Liquefaction Project 	 4-74 

Rheinbraun High Temperature Winkler Project	 4-84 

Westinghouse Electric 	 Appalachian Project	 4-65 
XRW Advanced Coal Gasification System for Electric	 4-78 

Power Generation
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