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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in This Issue 

FERC Kills Incremental Gas Pricing 

The Federal Energy Regulatory Commission has terminated the natural gas in-
cremental pricing program which originated in the Natural Gas Policy Act of 
1978. This at one time was considered a mechanism for forcing industry to 
switch from natural gas to alternatives such as synthetic fuels (page 1-5). 

ERAB Studying Energy Competitiveness 

The United States Department of Energy's Energy Research Advisory Board has 
undertaken a study on "Research and Development Initiatives for Energy Com-
petitiveness." As reported on page 1-6, the study is expected to be completed 
by November, 1987. 

U.S. Energy Association Calls For Synfuels Development 

"A Call For Action" is the title of a report issued by the U.S. Energy Associa-
tion, an arm of the World Energy Conference. The report warns of a looming 
energy crisis and suggests that a menu of options in synthetic fuels is needed. 
See page 1-7. 

Energy Policy Group Formed 

Eleven U.S. energy companies have formed the National Energy Policy Council to 
promote the development of a comprehensive national energy policy (page 1-7). 

Governors Form Council On Energy Assurance 

Seven governors of western states have agreed to form a National Council on 
Energy Assurance, which will focus on the development and implementation of a 
national energy policy. (See page 1-7). 

Possible Oil Price Collapse Explored At lAKE Conference 

A report on the annual meeting of the International Association of Energy 
Economists begins on page 1-8. The major theme of the conference was on 
coping with world energy market Instabilities. A diversity of views was 
presented. 

SRI International Puts Synfuels Into Far Future 

At the Alternate Energy '87 Conference, Stanford Field of SRI International 
presented an economic viewpoint which holds little hope for synfuels in the near 
future. Excerpts of his presentation appear on page 1-10. Several attendees at 
the conference disagreed with the basic numbers used in the analysis. 
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Vice Presidential Task Force Boosts Environmental Benefits Of Alcohol Fuels 

The President's Task Force on Regulatory Relief, chaired by Vice President 
George Bush, has issued a report recommending the use of methanol, ethanol and 
compressed natural gas as motor fuels to aid in meeting national air quality 
goals. The report, summarized on page 1-22, suggests that use of these fuels 
could obviate the need for states to impose much more costly regulations, such 
as restrictions on automobile travel. 

Unocal Drops Plans for Fluidized Bed Combustor 

Unocal Corporation has dropped its plans for adding a fluidized bed combustor 
(the Unishale C technology) to its Parachute Creek Shale Oil Project. The 
project would have qualified Unocal for an additional $500 million in federal loan 
and price guarantees. The company states (page 2-1) that the major reason for 
not proceeding was an unexpected large increase in the estimated capital cost 
for the project. 

New Paraho Corporation Shale Asphalt Project To Be Funded By Ertl Trust 

New Paraho Corporation's planned asphalt-from--shale-oil demonstration is assured 
of proceeding, on the basis of financing from the Tell Ertl Family Trust, accord-
ing to a recent announcement (see page 2-1 and page 2-3). Approximately 
$2,500,000 will be expended on the project. Some 3,000 tons of oil shale will be 
retorted in 1988. 

Cleveland-Cliffs And Sdiio Realign Oil Shale Holdings 

Cleveland-Cliffs has obtained 100 percent interest in certain oil shale properties 
in Utah formerly held jointly with Standard Oil (Sohio). Sohio has also relin-
quished its Interests in the "Pacific" property and the "Superior" property. The 
latter property is now held jointly by Cleveland-Cliffs and Mobil (see page 2-4). 

Shell Oil Company Purchases Ertl And Pacific Properties 

Shell Oil Company in June completed the purchase of two large blocks of oil 
shale properties in Colorado. Shell purchased total or majority interests in some 
17,000 acres from the Tell Ertl Family Trust and others in what was known as 
the Ertl Mahogany Block. Purchase price was $37,000,000. At th same time, 
Shell acquired the 12,600 acre Pacific Block from Cleveland-Cliffs, Sohio and 
Mobil (see page 2-4). 

GAO Recommends Against Support For Unishale C 

The United States General Accounting Office issued a report to Congress in 
which it recommended against funding for Unocal Corporation's proposed fluidized 
bed combustor. Their reasons involved projected costs to the government based 
on particular oil price forecasts (page 2-11). As noted elsewhere, Unocal chose 
not to proceed in any case.
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Australia Oil Shale Outlook Summarized 

A summary of the history, current status, and outlook for the Australian oil 
shale industry is given in the article on page 2-15. 

Shale Oil Yields Improved By Retorting In Supercritical Fluids 

Pyrolysis and hydropyrolysis of Australian oil shales in supercritical toluene and 
tetralin has been shown to have an enhanced effect on oil yields (page 2-18). It 
appears that the supercritical fluid properties result in improved mass transfer 
rates which limit cracking and coking reactions. 

LLNL Patents Cascading Bed Retort 

An abstract of the patent issued for Lawrence Livermore National Laboratory's 
cascading bed oil shale retorting system is given on page 2-20. 

Carboxylic Add Salts Identified As Major Components Of Green River Kerogen 

An improved understanding of oil shale chemistry can point the way to more ef-
ficient recovery processes. Recent discoveries in the lab suggest that a large 
part of the kerogen in Green River oil shale is actually present as carboxylic 
acid salts. See page 2-22. 

Face Ventilation Tested For Oil Shale Mucking In Long Headings 

Tests conducted by the United States Bureau of Mines at Exxon's Colony pilot 
mine have demonstrated the effectiveness of normal mine ventilation techniques 
in large underground mine headings typical for oil shale mines. As described on 
page 2-24, stratification of pollutants from diesel emissions occurred because of 
buoyancy effects, but mixing was uniform throughout the plan area of the mine. 

Guide To Australian Oil Shales Published 

A new compendium of geological and chemical data on a number of Australian 
oil shales has been published by the University of Wollongong. Five different 
shale types are defined on the basis of petrographic analysis. Some excerpts 
from the study are given in the article beginning on page 2-26. 

Final MS Issued For Wolf Ridge Nahcolite Solution Mine 

The Final Environmental Impact Statement has been issued for Wolf Ridge 
Corporation's proposed nahcolite solution mining operation in the Piceance Creek 
Basin of Colorado. Few changes were made to the draft EIS, the major point of 
controversy being protection of the ground water system. A brief summary of 
the EIS may be found on page 2-31. 

Final Environmental Impact Statement Issued For Unocal Phase II 

Although there is no chance of the project proceeding at the present time, the 
Final Environmental Impact Statement was issued for Unocal's original Phase II 
plan. This would have expanded the Parachute Creek shale oil project to an 
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output of 80,000 barrels per thy. Environmental groups protested that the EIS 
should not be issued until development plans are more definite (page 2-32). 

Record Of Decision Issued For Piceance Basin Resource Management Plan 

The U.S. Bureau of Land Management issued a Record of Decision to approve its 
resource management plan for the Piceance Basin Planning Area. 	 This area 
covers the major oil shale resources in the region. Recommendations as to 
which areas should be allowed for underground mining and for surface mining, 
and which should be protected from development are involved. See page 2-39 for 
a summary. 

Methane Content Measured in C-b Mine Cores 

The U.S. Bureau of Mines has issued a Report of Investigations concerned with 
methane desorption from cores which were drilled from the underground levels of 
the Cathedral Bluffs Mine. Some of the results and conclusions of the report 
are given in the article on page 2-45. In general, the oil shale mines appeared 
to be about as gassy as salt mines. 

BP Canada And Petro-Canada Break Ground For Wolf Lake Phase U 

Ground-breaking ceremonies were held July 27 for Wolf Lake 2. This expansion 
of the Wolf Lake Project near Bonnyville, Alberta, is expected to be onstream in 
1989 and will reach a production level of 15,000 barrels per day. More details 
on page 3-1. 

UTF Project Starts Gravity Drainage Tests 

The Alberta Oil Sands Technology and Research Authority's Underground Test 
Faculty has drilled its first set of horizontal gravity assisted drainage holes. 
Steam injection was scheduled to begin in the summer. An updated description 
of the project and the planned recovery scheme is given on page 3-2. 

Esso Expanding Cold Lake Output By 64,000 Barrels Per Day 

Through a combination of an in-progress debottlenecking program and the an-
nounced start of expansion phases seven through ten in August, Esso Resources 
Canada will add 64,000 barrels per thy of production capacity to its Cold Lake 
Project. By 1991, total output will be up to 139,000 barrels per day. See 
page 3-5. 

AOSTRA To Test Chevron Process At Underground Test Facility 

The Alberta Oil Sands Technology and Research Authority and Chevron Canada 
Resources Limited announced an agreement to test a proprietary Chevron process 
at the Underground Test Facility. The process, known as the HASDrive Process, 
involves circulation of steam in a horizontal well, as described on page 3-6. 
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Sceptre To Combine Horizontal Well With Steam Drive At Tanglefiags 

Sceptre Resources Ltd. and Murphy Oil Company Ltd. are undertaking a 
horizontal well enhanced oil recovery project in the Tangleflags North field in 
the Lloydminster region of Saskatchewan. As reported on page 3-7, a successful 
outcome at the project could lead to a commercial facility producing 
6,000 barrels of oil per day by 1995. 

New Heated Pipeline Provides Heavy Oil Route From California To Texas 

Celeron Corporation has completed a new 30-inch heated oil pipeline from Santa 
Barbara, California to Texas. Known as the All American line, this line provides 
for the first time a direct route for heavy oil from California to Texas. See 
page 3-7. 

AEC Pipelines and BP Canada To Test Traxoil Technology 

A joint venture to develop the TRANSOIL oil-in-water emulsion technology for 
transportation of heavy oil and bitumen has been announced. According to the 
joint venture partners (page 3-8), they will spend up to $9 million in researching 
and testing the process. 

Incentives For EO R Would Have Positive Financial Effect 

A study by Lewin and Associates concludes that properly designed tax incentives 
to stimulate activity in Enhanced Oil Recovery could accomplish an increase in 
oil production at no net cost to the government. They found that, under the 
proper set of conditions tax revenues from new projects could more than offset 
the cost of the incentives. Major conclusions from the report are given on 
page 3-12. 

ERCE Estimates Effect Of OR Prices On Oil SamE Start Dates 

The Alberta Energy Resources Conservation Board has examined the prospects for 
future oil sands development as a function of a range of oil prices. They 
generally concluded that excluding royalty and taxes would not make a sig-
nificant difference in the date at which new projects would be able to come 
onstream. See page 3-13. 

Cold Lake Adapts To Remain Profitable At Low Prices 

The steep plunge in oil prices in 1986 caused Esso Resources Canada to instigate 
a large number of cost cutting and efficiency improving steps at the Cold Lake 
Project. These measures were so successful that the project never faced shut-
down, and in August announced the start of an ambitious expansion. The article 
starting on page 3-17 explains how this was accomplished. 

Canadian Oxy To Run Full-Scale Pipeline Test Of Emulsions 

Canadian Occidental Petroleum Limited is working with TransMountain Pipeline 
Company Ltd. in planning and engineering for a commercial scale demonstration 
of transporting heavy oil as an oil-in-water emulsion. The field test, described 
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on page 3-20, Is expected to involve a 30,000 barrel batch, to be shipped from 
Edmonton to Vancouver. 

Phillips Patents Combined Extraction And Flash Pyrolysis Process 

A tar sand extraction process involving a first extraction step and flash pyrolysis 
of the extraction residue has been patented. A summary of the patent appears 
on page 3-22. 

Vertical Tube Reactor Could Separate Hydrocarbons From Tar Sands Froth 

A patent has been issued to Resource Technology Associates on a method for 
separating the hydrocarbon fraction from a	 tar sands	 froth. As described on 
page 3-24, the method involves pumping the froth down a well bore where it	 Is 
heated and pressurized. 

Hydrocracking Athabasca Gas Oil Yields Specification Fuels - 

Recent	 research	 on hydrocracking gas oil from Athabasca syncrude shows that 
favorable yields and product properties for jet fuel and diesel can be obtained 
(page 3-27).

Dredging Oil Sande Overburden Would Present An Environmental Challenge 

Hydraulic dredging has been proposed as a lower-cost method of removing over-
burden from the Athabasca oil sands. Field tests were carried out by Syncrude 
Canada Limited to evaluate costs and problems. As explained on page 3-35, it 
appears that high levels of fines in the dredged material would create difficult 
problems in creating environmentally acceptable, stable waste dumps. 

DOE Authorizes Great PlainsTo Study Byproducts 

The United States Department of Energy has authorized a $1.5 million study by 
the Great Plains Gasification Project concerning the sale of liquid byproducts 
from the plant. Possible byproducts include argon from the oxygen plant and 
chemicals from the tar oils (see page 4-1). 

Shell Starts Up Coal Gasification Plant 

Shell Oil Company's 250 ton per day coal gasification demonstration plant at 
Deer Park, Texas was completed early this year. The plant entered the 
shakedown phase in mid-summer and has already been operated at design 
capacity, according to the report on page 41. 

Appeals Court Upholds Great Plains Gas Contracts 

A federal appeals court has upheld the validity of the take-or-pay contracts for 
the gas produced by the Great Plains Gasification Project. Details of the con-
tracts are given on page 4-1. It Is the existence of these contracts, pegged to 
the price of No. 2 fuel oil, which has allowed Great Plains to cover its operat-
ing costs and keep operating.
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Dow Syngas Plant Starts Up 

Dow Chemical Company has started up the largest gasification combined cycle 
plant in the world at Plaquemine, Louisiana. The project, which will receive 
price supports for its product from an agreement with the U.S. Synthetic Fuels 
Corporation, is described on page 4-2. 

PEPCO Begun Licensing Of 16CC Power Plant 

Potomac Electric Power Company filed a request with the Maryland Public Serv-
ice Commission to begin licensing procedures for what could be the nation's first 
full-scale Integrated Gasification Combined Cycle power plant at an electric 
utility. As explained on page 4-4, the construction would occur in stages, start-
ing with four gas combustion turbines, which could be later converted to gas 
from coal. 

NCA Advocates Aggressive Clean Coal Technology Program 

The National Coal Association has come down on the side of an aggressive clean 
coal technology program. The association states (page 4-5) that the United 
States may be in a unique position to provide leadership to the rest of the world 
in developing and commercializing these programs. At present, the NCA says 
the United States Is not positioning itself to take advantage of the market op-
portunities that may exist. 

DOE To Fund Small-Scale FOG Development 

The U.S. Department of Energy has announced that it will contribute to cost-
shared funding of six new fluidized bed combustion concepts. Six projects were 
selected from those submitted under two Program Research and Development 
Announcements issued last year. See page 4-8 for brief descriptions. 

TRW And Babcock & Wilcox Picked For MUD Program 

TRW Inc. and Babcock & Wilcox have been awarded contracts to build and test 
prototype equipment intended to demonstrate proof-of-concept for mag-
netohydrodynamic power generation. They will design, construct and test the 
coal-based systems over a five year period at a cost of $40,000,000 (page 4-8). 

PICA Forecast Calls For Little Change In Coal Consumption in 1987 

The National Coal Association's mid-year review of coal markets indicates that 
United States coal production and consumption will be 17 million tons and 
12 million tons, respectively, below the association's December 1986 forecast. 
Nevertheless, total production of 897 million tons should surpass the previous 
high mark set In 1984. A brief summary of the NCA forecast appears on 
page 4-14. 

Gasification Island System May Out-Perform 16CC Systems 

A systems concept called the Gasification Island is being promoted by the 
Department of Energy's Morgantown Energy Technology Center as perhaps having 
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more economic promise than Integrated Gasification Combined Cycle systems for 
the production of electrical power. The concept, which basically Involves air 
blown coal gasification with hot gas cleanup, is described in some detail, begin-
ning on page 4-16. 

Steady State Solvent Recycle Achieved With ChemCoal Process 

The ChemCoal Process separates ash and sulfur components from coal using a 
phenolic solvent, alkali and carbon monoxide. A key consideration in the process 
economics is the derivation of enough recycle solvent from the process itself to 
keep the process going at steady state. This has been achieved in laboratory 
work, as discussed on page 4-22. As a result, the economics of ChemCoal 
production appear relatively promising with respect to other coal conversion 
technologies. 

Hydrocarb Process Provides New Type Of Synthetic Fuel From Coal 

A new process developed at Brookhaven National Laboratory, dubbed the 
HYDROCARB process, converts a carbon-containing raw fuel to a clean, 
micronized carbon fuel. An explanation of the two-step chemical process and its 
potential advantages is presented on page 4-24. It Is described as a carbon 
transfer process in which hydrogen is used as a transfer agent and becomes a 
co-product. 

Tightly Bound Water In Coal May Have Large Effect On Coal Research 

Recently developed laboratory information suggests that the standard procedure 
for drying low rank coals at 1100 C in a vacuum oven may leave an appreciable 
amount of tightly bound water in the coal. This carries significant implications 
with respect to all the coal conversion studies in the literature which were 
carried out on the assumption that the coal contained no water. These implica-
tions are discussed on page 4-27. 

Microbial SolulElization Of Coal Draws Interest 

Investigations under way at a number of laboratories suggest that certain 
microbes are capable of solubilizing coal, at least to some extent. The article 
on page 4-29 summarizes recent work along this line. 

Biodegradation Of Coal Gasification Wastewater Succeeds At Great Plains 

The Great Plains Coal Gasification Project has succeeded in establishing a 
microbial population in the cooling tower circuit which effectively oxidizes the 
volatile fatty acids and phenolics present in the gasification plant wastewater 
streams. This makes it possible to use those streams for cooling tower makeup 
and achieve a zero discharge design. See page 4-38. 

Powder River Coal Team Calls For Expressions Of Leasing Interest 

The Powder River Regional Coal Team has called for expressions of interest in 
leasing coal in the Powder River Region. As noted on page 4-41, expressions of 
interest are due September 30. Results will be released October 29. 
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CORPORATIONS 

GRI CUTS COAL GASIFICATION PROGRAMS 

In June, the Gas Research Institute (GIll) tiled its 
1988 Research and Development (R&D) Program Plan 
with the Federal Energy Regulatory Commission 
(FE1IC) at a proposed budget level of $146.7 million. 
The 1988 Program is based on holding the total 1988 
Obligations budget at the level of the ceiling set by 
FERC for 1987.	 Consequently, the total obligations 
budget proposed for 1988 is $174.9 million, 	 an
$11 million reduction from the FERC-approved 1087 
level and a significant reduction from the 
$105.9 million proposed for 1988 in last year's plan. 
In addition, projected total annual program funding for 
the outyears (1989-1992) is maintained at the 1988 
level of $175 million, translating into an outyear R&D 
obligations budget of $146.7 million per year, the 
same as the 1988 level. 

o RI funding for the Substitute Natural Gas Supply 
Subprogram has been reduced significantly for 1988. 
Research on production of SNG for surface and in 
situ gasification of coal has been reduced to up-
proximately $2.9 million, compared to $4.2 -million in 
1987. This funding reduction reflects a 0 RI assess-
ment that SNG from coal is not expected to make a 
significant contribution to United States gas supply 
until well beyond tile year 2000. Along with the 
reduction in funding, the 0 RI R&D effort is to be 
redirected to long-term development of advanced 
gasification processes, 	 with lesser emphasis on
downstream gas-processing technologies. 

The total Supply Options program budget is shown in 
Table 1. 

Coal Gasification 

SNG from coal is one of several "supplemental" gas 
sources (.along with pipeline imports, LNG imports, 
Alaskan gas, and SNG from petroleum) that are ex-
pected to play an increasingly important role in meet-
ing United States gas demand in the next century. 
However, in the 1986 0 ElI Baseline Projection (which 
assumes successful introduction of selected advanced 
technologies) existing coal gasification technology Is 
projected to play a very small role in the overall 
supplernentals picture. Coal gasification is projected 
to provide less than 0.05 quads of gas in 2000 and 
0.1 quads in 2010. The limited role projected for 
coal gasification reflects the expectation that this 
technology will find it difficult to produce pipeline-
quality methane at costs competitive with natural gas. 

In view of this reassessment of the role of coal-based 
SNG in the long-term supply picture, Gill has 
redirected its R&D program to pursue longer-tern re-
search on advanced gasification processes and ad-
vanced catalysts aimed primarily at achieving 
dramatic reductions in SF40 cost. Development of 
technologies aimed at evolutionary improvement of ex-
isting or emerging coal gasification systems has been 
deferred.	 C RI expects that the results of its ad-

vanced coal gasification research will be available to 
the gas industry by the late 1990s, in time to add 
coal-based SNG to the post 2000 gas supply mix if 
warranted. 

GRI R&D on coal gasification is organized into two 
project areas: 

Coal Gasification 
In Situ Coal Gasification Technology 

Advanced surface gasification and in situ gasification 
address separate issues In G RI's coal gasification 
strategy due to differences In technology and in the 
targeted resource base. Surface coal gasification can 
be very carefully controlled and has some flexibility 
in siting, since the coal is mined and brought to a 
centralized plant. In situ gasification does not 
require the large capital outlays required for a sur-
face gasifier system and for related coal mining, 
transportation, storage, and pregasification processing. 
However, in situ well design and operation is not In-
expensive. Furthermore, because gasification occurs 
below the ground within the coal seam, monitoring 
the process can be difficult. Nonetheless, an attrac-
tive aspect of in situ gasification is that it can be 
applied to the very large coal resource base that is 
too deep or otherwise unsuitable to be economically 
mined with foreseeable technology. 	 This resource
base may comprise as much as 1.8 trillion tons of 
coal; It has been estimated that more than 
1,000 trillion cubic feet of SF40 could be produced by 
applying in situ gasification technology to only about 
10 percent of that coal resource base. 

Surface Gasification 

Although options for lower cost coal gasification sys-
tems are not well defined, several advanced concepts 
have been suggested. These include new gasification 
catalysts, downstream processing with new catalysts, 
the conversion of liquids to gas, in-bed desulfurizatlon 
and processes that combine both desuifurization and 
methanittion. Research on advanced catalysts for 
SF40 processes care lead to cost savings through in-
proved reaction time or efficiency, more flexible 
operation, and/or more effective removal of un-
desirable constituents in selected gasification opera-
tions. For example, improved catalysts could be ap-
plied to the gasification reaction itself or to 
processes such as rnethanation, sulfur removal, or 
conversion of light hydrocarbons that form during 
gasification. 

Process steps downstream of the gasifier constitute 30 
to 35 percent of the total installed plant cost for 
state-of-the-art coal gasification plants. It Is ex-
pected that some downstreomn processing will be 
needed even in advanced coal gasification systems to 
increase the methane content of the raw gases and to 
remove unwanted constituents from the final product. 
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TABLE 1 

(l SUPPLY OPTIGG BUIXIFF

Obligations ($1000)
1987	 1988 

Tight Gas Sands 10,920 10,900 
Eastern Devonian Gas Shales 7,325 5,220 
Secondary Gas Recovery Technologies 2,200 2,200 
Methane from Coal Deposits 6,405 6,455 
Advanced Technology for Exploration 

and Production 1,000 1,750 
Subtotal:	 Natural Gas Supply 27,850 26,525 

Coal Gasification 2,850 2,050 
In Situ Coal Gasification Technology 800 800 
Methane from Wastes 550 0 
Subtotal:	 Substitute Natural Gas Supply 4,200 2,850 

Natural Gas Supply E&S Research 950 950 
Substitute Natural Gas Supply E&S Research 550 550 
Subtotal:	 Environment and Safety - Supply 1,500 1,500 

Coal Sciences 1,570 950 
Gasification Chemistry - Inorganic Sources 1,650 1,375 
Geosciences 5,215 3,100 
Biological Sciences 3,895 2,950 
Subtotal:	 Basic Sciences - Supply Options 12,330 8,375 

VITAL 45,880 39,250

The tactical objective of the surface gasification 
project area is to develop by the late 1990s, the 
technical performance and economic viability of ad-
vanced technologies for conversion of all types of 
United States coals to pipeline-quality SNG. Perfor-
mance goals include: 

- Develop a comprehensive technical, economic, 
and environmental data base of promising ad-
vanced gasification processes. 

- Identify and pursue scientific and engineering 
breakthroughs in gasification technology that 
offer the possibility of significantly reducing 
—Le, by 25 to 40 percent —the cost of produc-
ing SNG from coal compared to existing coal 
gasification technologies. 

- Complete optimization, characterization, and 
laboratory-scale testing of new sulfur-tolerant, 
direct methanation catalysts to determine 
their activity and selectivity in direct 
methanation of coal gasifier product gases 
with 2 /CO ratios of from 0.5 to 2.5. 

- Investigate advanced engineering designs and 
SNG processing technologies that capitalize on 
research on direct methanation and other new

subsystems being pursued by G RI and others 
for converting raw synthesis gas to SNG. 

Past work on coal gasification and the GRI Baseline 
indicate substantial improvements in cost are needed 
to compete in the post-2000 time frame: $4 per mil-
lion BTU (1985 $) in the year 2000, $6 per million 
BTU in the year 2010. 

Through 1986, GR1 funded R&D on two gasification 
processes:	 the	 Westinghouse--now	 KR W--
agglomerating-ash fluidized-bed process; 	 and the
slagging-ash moving-bed process being developed by 
British Gas Corporation (DCC). Although GRI 
analyses continue to show advantages (compared to 
present-day dry-bottom Lurgi technology) for both of 
these options, these technologies are not expected to 
be cost competitive with other supplemental gas 
sources until the 2005-2010 time period. Con-
sequently, further funding for agglomerating-ash fluid-
bed technology has been deferred until post 1990 and 
no support is now planned for the slagging-ash fixed 
bed technology. 

CHI R&D on advanced gasification processes, initiated 
in 1986, is directed at several approaches that appear 
promising, such as low-temperature catalytic gasifica-
tion processes or the use of pretreated coal as a 
feedstock. 
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With regard to critical downstream gas processing sys-
tems for use in coal gasification, CR1 will continue to 
cofund selected research with government and industry 
In those areas of process technology and equipment 
design that offer the greatest prospect for enhancing 
plant operability and reliability or that afford the 
greatest potential cost savings. Such projects include 
those related to the development of novel catalysts 
and methanation processes and improved raw gas 
cleaning processes. 

Core research on the characterization, treatment and 
disposal of waste streams from coal gasification 
processes will be conducted as one component of the 
Substitute Natural Gas Supply Environmental and 
Safety Research. 

In Situ Coat Gasification 

In situ coal gasification offers in comparison with 
present-day surface gasification processes, a projected 
15 to 25 percent cost savings as well as possible en-
vironmental and safety advantages. 

At the present time, in situ gasification must be 
classified as a high risk, advanced technology, but one 
with very high pay off potential. This high payoff 
would he due, at least in part, to the very large 
potential resource base to which in situ coal gasifica-
tion technology can apply. Department of Energy 
(DOE) has estimated that, of the current 6.4 trillion 
tons of domestic coal resource, only about 0.5 trillion 
tons are currently economically recoverable by exist-
ing surface- and deep-mining techniques. Underground 
coal gasification ('JC(;) could potentially utilize about 
1.8 trillion tons, producing more than 1,000 trillion 
cubic feet of S4G even if only 10 percent of this 
resource is suitable for in situ gasification. 

Since 1979, GUi has worked with DOE in efforts 
designed to prove the economic feasibility of in situ 
gasification. Prior to that, air-blown underground 
tests conducted by DOE at Hoe Creek, and Banns, 
Wyoming, demonstrated basic technical feasibility and 
environmental acceptability. Experiments conducted 
at Hoc Creek No. three by Lawrence Livermore Na-
tional Laboratory (LLNL) and supported by CR1 
demonstrated that directionally drilled wells can be 
successfully completed, that oxygen-blown burns can 
be controlled, and that the Instrumentation and data 
acquisition systems necessary for reliable in situ 
gasification can be developed. 

During 1980-1983, the Joint D -JE/G RI In Situ Coal 
Gasification Program at Centralia, Washington, estab-
lished the feasibility in the field of the new 
controlled-retracting-Injection-point (C RIP) concept 
developed by I.LNL. 

The tactical objective for in situ coal gasification is 
to develop an underground coal gasification process 
that allows cost-effective gas production from coal 
without mining and with acceptable environmental La-
pacts. Performance goals include: 

- Develop technology that will make possible 
the production of gas from unminable coal

deposits at a target price of $4.00-$5.00 per 
million BTU (1985$) in the 2000-2005 time 
fra me. 

- Define the impacts on plant design and gas 
costs of environmental control and treatment 
facilities by monitoring hydrological effects at 
in situ gasification sites. 

- Improve understanding of gasification kinetics, 
roof collapse, and injection-well design by 
completing large block tests. 

- Demonstrate the ability of the CHIP technol-
ogy to control gas quality to within 
80 percent of the original heating value in 
dual wells and to obtain 60 percent resource 
recovery in multiple-well tests for sub-
bituminous and bituminous coals. 

- Define applicable site-specific geological and 
hydrological criteria to be used in coal 
utilization, economic, and environmental 
assessments. 

- Improve the capability for commercial design 
by developing a comprehensive model of in 
situ gasification. 

Demonstrate deep seam in situ coal gasifica-
tion technology (for seams as deep as 
3,000 feet) using steam/oxygen injection, mul-
tiple injection and production wells, and 
product gas treatment. 

In general, the C RI strategy in this project area is to 
evaluate the potential role of in situ coal gasification 
as n gas supply option for the 2000-2005 time fm rae. 
To carry out this evaluation, CR! is continuing to 
cofund the development of the CHIP technology in 
both laboratory research and field tests, in conjunc-
tion with DOE and local industry R&D programs. At-
tention will focus first on the application of GRIP 
technology to western coal resources (1937-1988). 
Application of GRIP technology to eastern coal will 
be funded by DOE in the 1988-1900 time frame. C RI 
will delay the start of its research in this area to 
late 1990 due to budget constraints and to avzait 
results of the DOE tests. Final multiple-well tests 
will be conducted at either a western or an eastern 
site (but not both) starting in mid1390s. Clii viii 
continue to evaluate the results of this R&D and will 
factor the potential contribution of in situ coal 
gasification into its overall gas supply strategy. l;is-
portant research on related environmental and safety 
issues will be conducted 7rimarily in the Substitute 
Natural Gas Environmental and Safety Research 
Project Area. 

A field experiment to evaluate the use of C RIP tech-
nology in an extended field experiment planned for 
Hanna, Wyoming is jointly supported by CR!, DOE and 
an Industrial consortium. A complementary test 
program started in 1386 by DOE will evaluate the use 
of CHIP technology for bituminous coal gasification at 
an eastern (Illinois) site. C RI participation in this ac-
tivity is scheduled to begin in late 1990.	 The last 
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phase of research for the bituminous and sub-
bituminous R&D efforts will be a multiple-well field 
test In either the east or the west to define well in-
teractions and the extent of coal seam recovery, 
providing data suitable for projection to commercial 
scale modules. 

API DATA 5110W DROP IN OIL PRODUCTION 

Domestic crude oil production fell substantially rela-
tive to 1936 during the first half of [987 while total 
domestic demand moved upward and total imports 
continued to rise sharply, according to the American 
Petroleum Institute (API) mid-year report. The API'S 
Monthly Statistical Report shows domestic crude 
production during the first half of the year averaged 
8,392,000 barrels per day (OPD). This was 
6.1 percent less than the 8,940,000 BPI) produced 
during the comparable period last year. 

The API also reported that during the January-June 
1087 period an average of 16,420,000 IWO of 
petroleum products was supplied--2.t percent higher 
than supplied during the first half of 1986. 

Total i nports (crude oil plus petroleum products) 
averaged 5,983,003 BPD during the first half of the 
year. This was 7.5 percent more than the 
5,568,000 BPD during the first six months of lost 
year. However, the report noted, while the combina-
tion of increased deliveries and declining production 
would have normally led to an increase in imports 
roughly double the 7.5 percent first half increase, an 
inventory drawdov,n this year, coupled with a major 
buildup last year, served to obscure the underlying 
trend in imports. Since the first half of 1985, higher 
demand and lower domestic production have Increased 
imports for the first six months by about 1.3 million 
IWO or 27 percent.

Among the other highlights of the first six months as 
revealed in the report: 

- The amount of gasoline supplied increased 
2.4 percent. 

- Deliveries of distillate fuel oil were down 
0.2 percent. 

- Deliveries of residual fuel oil were down 
sharply (7.8 percent). For the month of June, 
residual deliveries declined 15.3 percent. 

- Petroleum's share of total energy consumption 
during the first half of the year increased 
compared to the same period of 1986. For 
the first six months of 1987, petroleum had a 
42.9 percent share of the energy market. A 
year ago,	 petroiou in's market share was 
11.8 percent. 

According to the API's Quarterly Completion Repa! 
an estimated total of 16,483 wells was completed 
during the January-June period. 	 This was 6,570 or 
28.5 percent fewer than the 23,058 completed during 
the first half of last your. 

Dreaking down the first half totals, the API reported 
that an estimated 7,381 oil wells, 3,835 gas wells and 
5,222 dry holes were completed. In 1986, the figures 
were 11,853 oil, 4,122, gas and 7,033 dry. 

The Institute also reported that 13,137 of the cornple-
tions were development wells and 3,351 were ex-
ploratory wells. Similar figures for last year were 
18,991 development and 4,067 exploratory. 
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GOVERNMENT 

PETROLEUM RESEARCH INSTITUTE PROPOSED 

The Secretary of the United States Department of 
Energy has called on the domestic oil industry to con-
sider creating a Petroleum Research Institute, 
analogous to the Gas Research Institute established 
nine years ago by the nation's gas companies. 

Such an Institute, Secretary J. Herrington said, would 
"provide a means for the petroleum industry to mar-
shal its resources in pursuing research that could sig-
nificantly increase domestic oil production during the 
rest of this century and beyond." 

The proposal is contained in a letter sent to the Na-
tional Petroleum Council (MPG). The letter requested 
that the NPC, a federal advisory panel made up of 
executive officers and other representatives of the 
petroleum industry, undertake 'na urgent study rela-
tive to the implementation and execution of a na-
tional petroleum research effort." 

Specifically, Herrington asked the NPC to address the 
feasibility of establishing a national, not-for-profit,. 
petroleum research institute analogous to the Gas Re-
search Institute. 

The Gas Research Institute is a private, not-for-profit 
membership organization which began operating in 
1073. It sponsors more than 500 research contracts 
on behalf of the nation's gas Industry and gas con-
sumers. 

The MPG Is expected to determine the extent to 
which the oil industry would participate in such an In-
stitute. 

If the initial findings indicute a positive reaction from 
industry, the NPC would develop more detailed 
analyses, including the appropriate funding levels for 
the institute, its priorities for research and develop-
ment, and its interaction with the federal government. 

While the Energy Department 'night be able to assist 
in the formation and initial funding of a petroleum 
institute, it Is suggesting that the operation, organiza-
tion and priorities would be set by the oil industry. 

The proposal for a Petroleum Research Institute is an 
outgrowth of several recent studies which have called 
attention to the need for a more focused, concerted 
government-Industry effort to develop technologies 
that recover more oil than current techniques. 

mill

FERC KILLS INCREMENTAL GAS PRICING 

The Federal Energy Regulatory Commission (FERC) 
has ended Its natural gas Incremental pricing program. 
Termination of the program was announced in a final 
rule issued July 27. 

Revocation of the pricing regulations comes in the 
wake of passage of federal legislation repealing the 
incremental pricing section of the Natural Gas Policy 
Act (NGPA) of 1978.	 President Reagan signed the 
bill on May 21. Because the new law allows u 
limited continuing effect of the Incremental pricing 
rules, the Commission's revocation will take effect on 
January 1, 1988. 

Under the NGPA, the Commission required interstate 
natural gas pipeline companies and local distribution 
companies to pass through to their industrial cus-
tomers a certain portion of natural gas acquisition 
costs In the form of surcharges. Statutory exemp-
tions were given to residences, schools, hospitals, 
small industrial boiler fuel users, and agricultural 
users. 

Incremental pricing thus required large industrial 
facilities burning natural gas as boiler fuel to pay for 
their gas at the equivalent price that would be paid 
for alternative fuels that industrial boiler fuel 
facilities were capable of burning. This in theory 
should have forced industry to switch from natural 
gas to alternatives such as synthetic fuels, but this 
,lever happened. 

CALIFORNIA TO FUND ADVANCED ENERGY 
TECHNOLOGIES 

The California Energy Commission (CCC) will be 
releasing separate Requests for Proposals (ft FPs) for 
both private and public organizations for the Second 
Local Jurisdiction Solicitation and the Third Round 
General Solicitation of the Energy Technologies Ad-
vancement Program (ETAP). Through the ETAP, the 
CCC will be cofunding advanced energy projects that 
will increase the energy efficiency,	 or cost-
effectiveness of energy technologies, or help to 
develop new, cost-effective alternative sources of 
energy. 

Projects must include hardware development. Nearly 
any type of advanced energy technology, Including 
those based on energy production, energy conservation, 
advancements in recycling technology, load manage-
ment, etc., is eligible for ETAP funding. A small 
business preference will be given to qualified bidders 
in the Third Round General Solicitation. 
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Up to $3.3 million is anticipated to be available In 
fiscal year 1987-88 to cofund qualifying proposals for 
both the Second Local Jurisdiction Solicitation and the 
Third Round General Solicitation. The 1987-88 State 
Budget Act requires the CEC to make available up to 
$1 million of the total $3.3 million for a loan to the 
Heber Binary Project. At least $330,000 will be 
available to qualifying projects through the Second 
Local Jurisdiction Solicitation.	 An Individual project
may be cofunded up to $825,000. 

Typically, projects can qualify for one of two types 
of ETAP funding: loan funding or research contract 
funding. Up to 80 percent of the total project cost 
can be funded by an ETAP loan. For research con-
tracts, ETAP can cofund up to 50 percent of the to-
tal project cost. 

Thus far, the Energy Commission has completed three 
solicitations resulting In seventeen contracts totaling 
approximately $5.4 million dollars. 

The tentative schedule for the Second Local Jurisdic-
tion Solicitation is: 

Request for Proposals Released - September 28, 1987 
Proposals Du. ----------------------- December 4, 1987 
Projects Begin -. 	 August 29, 1988 

The tentative schedule for the Third-Round General 
Solicitation Is: 

Request for Proposals REleased	 September 28, 1987
Proposals Due ----------------------- December 4, 1987 
Projects Begli ----------------------- August 29, 1988 

The ETAP benefits project proponents by providing: 

- Funding for innovative energy projects 

- Technical assistance to help funded projects in
shakedown, or to overcome project hurdles 

Flexible repayment schedules 

it 

ERAS STUDYING ENERGY COMPETITIVENESS 

The Unites States Department of Energy's Energy Re-
search Advisory Board is undertadng a study on 
"Research and Development Initiatives for Energy 
Competitiveness". Robert Fri is the study chairman. 
The study committee's first task is to determine the 
criteria which should be used in selecting technology 
and research and development (R&D) initiatives that 
would enhance competitiveness through the energy 
system within the next decade. 

Three Panels have bean established to look at supply 
options, demand options, and institutional opportunities 
and barriers.

The committee hopes to be able to have a report 
developed for consideration by the November meeting. 

Supply Panel 

The Supply Panel will study new and enhanced oil and 
gas production in the United States, clean coal use, 
cogeneration, synthetic fuels, and sustaining existing 
nuclear power capacity. While other initiatives could 
improve supply, none of them appeared to be able to 
have an impact when considered within the ten year 
time frame of the study. 

Demand Panel 

The Demand Panel will cover residential and commer-
cial buildings and the industrial sector, including the 
chemical, petroleum, paper, glass, and primary metals 
industries. The transportation sector will also be 
covered, as it comprises 27 percent of total energy 
demand, and almost all of It for petroleum. The 
Panel will look into the potential for alternative 
fuels, especially for transportation. 

Institutional Panel 

The Institutional Panel will examine issues such as the 
positive and negative aspects of deregulation, the im-
pact of an unstable policy environment, and the ef-
fect of other concerns on energy policy, such as the 
environment and national security. 

The Gas Research Institute View 

The Gas Research Institute (G RI) presented a briefing 
which emphasized that competitiveness In energy 
development technology, and specifically in hydrocar-
bon technologies, is fundamental to future United 
States energy security. G RI identified enhanced oil 
and gas recovery, supplemental transport fuels, clean 
coal utilization, modular power generation, and high 
efficiency end-use technologies. 

The Electric Power Research Institute View 

The Electric Power Research Institute (EP AI) 
presented a briefing O1 the role of electricity in en-
hancing United States competitiveness. One way is to 
reduce cost. In the case of new plant capacity, EPRI 
is focusing primarily on new technologies that would 
use coal in an environmentally acceptable manner. 
Nuclear is not a current option. 

t 14 
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ENERGY POLICY AND FORECASTS 

U.S. ENERGY ASSOCIATION CALLS FOR SYNFUELS 
DEVELOPMENT 

The U.S. Energy Association (USEA), the United 
States member committee of the World Energy Con-
ference, is a nonprofit coalition of about 100 public 
and private energy-related organizations and in- 
dividuaLs. The USEA has issued a policy report titled 
"A Call for Action". The report begins with the 
statement that the United States is drifting toward a 
serious national security and economic crisis. In 
three or four years, it says, United States economic, 
political, military and foreign policy could be seriously 
compromised. 

The study argues that energy is at the root of this 
emerging crisis. "For many reasons--technological, 
economic, political and often all three combined--
America's energy industry is not investing what's 
needed to assure secure domestic energy supplies and 
relatively stable prices in the future". 

The report warns that the looming energy crisis ex-
tends beyond the well-advertised problems In oil and 
natural gas. The problems include electric power, 
"where the experiences of the last 10 years have 
crippled planning for the new power plants needed to 
sustain economic growth in the mid-1990s." The 
crisis also extends to coal, "since most of United 
States coal production, now and in the future, goes to 
produce electrical power." 

"A Call for Action" offers several recommendations, 
including: 

- Encourage energy conservation and efficiency 
standards. 

- Create an environment that encourages ex-
ploration and production of domestic oil and 
gas reserves. 

- Expand the strategic petroleum reserve. 

- Continue the deregulation of the oil, gas, and 
electricity industries. 

- Restore nuclear power as a viable option for 
electricity. 

- Resurrect the Energy Mobilization Board 

- Expand federal research and development in 
enhanced oil and gas recovery and synthetic 
fuels. 

With respect to the last recommendation, USEA sug-
gests that new techniques for Improved oil and gas 
recovery can lower funding and production costs. A 
greater focus on geoscience research could open up 
new exploration horizons for both gas and oil. 	 Syn-
thetic	 fuels	 deserve	 support	 like	 the	 federal

government's current program to develop new "clean 
coal" techniques for electric power generation. The 
United States needs a menu of technological options 
in synthetic fuels, from which private industry can 
choose when the time arrives to build large-scale 
production capacity. 

In today's climate of low energy prices, the statement 
concludes, private industry cannot be expected to 
make R&D investments of the size necessary. 

ENERGY POLICY GROUP FORMED 

The National Energy Policy Council (NEPC) has been 
formed by eleven United States energy companies to 
publicize the dangers of excessive reliance on in-
ported oil and to promote a comprehensive national 
energy policy. 

The founding companies are Tenneco Inc., Enron 
Intrastate Pipeline, Kerr-H cGee Corporation, Unocal 
Corporation, Transco Energy Company, Costa! Cor-
poration, Hunt Oil Company, Halliburton Company, 
Mitchell Energy & Development Corporation, Meridian 
Oil Company, and Santa Fe Energy Company. 

The NEPC has been established with a $200,000 
educational budget. 

GOVERNORS TO FORM COUNCIL ON ENERGY 
ASSURANCE 

Seven western governors have agreed to form  na-
tional Council on Energy Assurance (CEA), which will 
focus on the development and implementation of a 
national energy policy. 

Formation of the council was announced at the 
Midyear Meeting of the Interstate Oil Compact O wn -
mission (10CC) by North Dakota Governor George Sin-
ner, 10CC chairman. Sinner describes the new coun-
cil as "an action oriented group of leaders who will 
possess the resources and the heart to stimulate na-
tional activity on an energy policy." 

Forming the nucleus of the CEA are Governors 
Sinner;	 William Clements, Texas; Henry Belimon, 
Oklahoma; Roy Romer, Colorado; Mike Sullivan, 
Wyoming; Norman Bangerter, Utah; and Garrey Car 
ruthers, New Mexico. 

According to the announcement, the CE A will be a 
public and private partnership of debate resulting in 
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the adoption of a United States energy policy. That 
P
olicy

, sensitive to the issues of international trade 
and competitiveness, is to assure national security and 
provide consumers and producers with greater 
economic and social stability. 

The seven governors intend to seek additional mem-
bership from the academic community, energy 
oriented companies, Congress, the federal government 
and environmental and consumer groups. 

The CEA national headquarters will be established in 
Denver, Colorado. The 10CC is an organization of 
29 oil and gas producing states concerned with con-
servation and waste prevention of domestic oil and 
gas resources. 

OIL PRICE COLLAPSE EXPLORED AT IAEE 
CONFERENCE 

The International Association of Energy Economists 
(IAEE) annual meeting held in Calgary, Alberta, 
Canada in July 1987, addressed a wide range of 
issues.	 The major theme of the conference was 
coping with world energy market instability, with no 
real consensus being drawn in this area.	 - 

OPEC's Pricing Policy 

The main guest speaker at the conference was Dr. 
Fadhil Al-Chalabi, Deputy Secretary General for 
OPEC. He introduced his talk by saying that during 
recent years OPEC has single handedly carried the 
heavy burden of oil pricing policy. 

lie noted that when OPEC abandoned its fixed price 
policy and allowed prices to fall in 1986, it proved 
that the lower price could reverse the past trend of 
falling demand, with a 1986 demand growth of three 
percent. however, although production within OPEC 
grew by two million barrels per thy to 18 million 
barrels per day, there were pressures within OPEC 
from countries that could not accept those low prices. 
This led to the agreement of 16.2 million barrels per 
day of OPEC production, with a price of $18 per bar-
rel. 

Although price stability and optimism have been re-
stored, Al-Chalabi observed that no real change in 
market fundamentals has occurred. The 1987 oil con-
sumption growth rate has fallen below one percent, 
while non-OPEC countries, almost without exception, 
have incrqased production. Therefore, commensurate 
production cuts within OPEC must be distributed. He 
noted that $18 per barrel is high enough to sustain 
investments outside OPEC, while also reversing the 
conversion from fuel oil to coal.

Dr. Al-Chalahi expects OPEC will face	 serious politi-
cal problems.	 He states that it is in	 the interest	 of 
all countries	 to	 defend	 the $18 price.	 A	 lasting 
stability	 requires	 all	 countries to	 sacrifice.	 lie

believes the present strategy Is not In the best Inter-
est of OPEC If it is the only group making the 
sacrifice. Putting the burden entirely on OPEC will 
result in overall instability. He concluded that 
OPEC's recent success cannot be maintained. 

The Long Term 

Edith Penrose, a consultant who received lACE's 
highest award, believes that a major change will oc-
cur in the 1990's to disrupt the world oil markets. 
She considers a technology change is on the cards; 
possibly a commercial substitute for gasoline becoming 
available more quickly than expected. Environmental 
pressures will be a major supporting factor. 

Dougherty and Al-blehed of the University of Southern 
California developed a linear programming model for 
a PC computer. Based on the results of this model, 
the growth rate in real oil prices is forecast to be a 
maximufn of two percent per year. Free world crude 
oil demand in the year 2000 is forecast to be in the 
range of 50 to 60 million barrels per day. At the 
lower bound, OPEC's status remains as it is now, 
while at the higher, OPEC's surplus is taken up. 

Mr. Chris Crag,, Editor for the Financial Times 
Energy Economist, in receiving the Journalism Award, 
looked forward into the twenty-first century and 
expressed an urgent need to develop and implement 
better pollution controls, lie observed the rapidly 
growing energy demand of the lesser developed 
countries with a combination of increasing population 
and increasing ON? per capita. He explained that 
the world at present has no environmentally safe form 
of power, whether it be hydro, nuclear or fossil fuels. 
Of particular concern is the need to control carbon 
dioxide emissions because of the potential change in 
the world's climate in the twenty-first century from 
the greenhouse effect. He argued for stringent 
regulations controlling energy efficiency and environ-
mental protection. Rased on the experience in West 
Germany and Japan, he believes such regulations are 
economically viable for the nations that implement 
the m. 

Producer - Consumer Relations 

A panel of speakers discussed the potential for estab-
lishing an agreement between oil producers and con-
sumers in order to stabilize oil markets. The panel 
has worked for the past three years to examine the 
potential for such agreement. Ahirio Parra of 
Petroleos de Venezuela, in introducing the panel ob-
served that wide fluctuations in prices are disruptive 
to both producers and consumers. The present price 
stability at around $18 per barrel may provide an op-
portunity for discussion. 	 However, only one of the
five panel members was optimistic about the potential 
for an agreement.	 Mr. Fereidun Fesharaki of the 
East West Centre, Honolulu, believes that with the 
availability of futures markets and a greater 
knowledge and understanding of price volatility, the 
need for dialogue is long past. 

Another panel discussed energy security policy. 	 It
was generally agreed that government-owned strategic 
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petroleum reserves are a good policy. However, it 
was asserted that automatic trigger scenarios need to 
be predetermined for initiating drawdown of the 
reserves If they are to be effective. 

Conservation Loss from Low Oil Price 

Naill and Rollin of Applied Energy Service, Inc., ex-
amined the threat of low oil prices to United States 
energy conservation. On examining conservation for 
the period 1972-1982, they found that two-thirds of 
the savings were from efficiency improvements, while 
the remainder were behavioral. To examine potential 
impacts of low oil prices, an integrated model of 
United States energy supply and demand (FOSSIL2) 
maintained by the United States Department of 
Energy was used. 

The analysis concluded that conservation losses from 
low oil prices could be substantial (as much as ten 
percent of total energy consumption in the year 2000) 
and will likely affect oil demand directly. If world 
oil prices remain at $18 per barrel, oil imports could 
rise above the previous peak of eight million barrels 
per day by the early 1990's. The recent drop in oil 
prices could be responsible for as much as a five mil-
lion barrel per day Increase in United States oil im-
ports by the year 2000. M ost of this increase is due 
to losses in oil conservation due to market share 
shifts, behavioral losses, and losses in energy ef-
ficiency Improvements. 

Coal's Share of the Energy Market 

Kenneth Wigley of the International Energy Agency 
discussed future coal demand and supply prospects. 
During 1906 the Coal Industry Advisory Board con-
ducted a study among its members of the possible 
Impact of lower oil prices on coal use in electric

utilities. The study was carried out for 17 countries. 
No potential for coal displacement was Identified at a 
crude oil price of $25 per barrel. A potential for 
some 11.5 million tonnes coal equivalent (MTCE) dis-
placement was estimated at an oil price of $17.50 per 
barrel, mostly In the United States, and up to 
112 MTCE at $10 per barrel. However, many factors 
prevent the estimated coal displacements from taking 
place. These factors include: national policies sup-
porting indigenous coal production, national energy 
policies controlling the fuel mix In electricity gener-
ation, existing coal contracts, and uncertainties over 
future fuel price movements. 

The Outlook fw Nuclear Power 

A panel discussed the nuclear energy outlook In the 
wake of Chernobyl. For the United States, 
T. John Connolly of Stanford University observed that 
It is 10 years since a nuclear power station order, 
and he believes it will be at least 10 years before 
the next set of orders.	 No party in the United 
States is willing to support nuclear power. lie noted 
that the planned life of existing plants is 30 years 
and that licenses may not be granted to extend this. 
If this is the case, and no new nuclear plants are 
built, for the year 2030 he calculated that an extra 
750 million tons per year of coal will be consumed In 
the United States compared to the case if 30 percent 
of electricity were nuclear generated. 

In general, speakers and attendees - were shy to make 
forecasts about energy supply, demand and prices, 
given the past instability in the oil markets. 
However, considerable discussion involved ways of 
modeling and handling future instability. 

11 4  
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ECONOMICS 

SRI INTERNATIONAL PUTS SYNFUELS INTO FAR 
FUTURE 

At the Alternate Energy 87 Conference held in San 
Francisco last spring, Stanford Field of SRI Interna-
tional presented an economic viewpoint which holds 
little hope for synfuels in the near future. 

For the 1972-1986 period Sill's historical analysis indi-
cates that real costs escalated enormously for alter-
native energy options, as shown in Figure 1. Al-
though the extent of the cost increase varied with 
the technology, SRI says the increases had common 
causes, among which are: 

- Lack of technical knowledge for scale-up 

- An optimism of assuming unproven process 
improvements 

- Redundancy needed to increase safety and 
reliability 

- Increasing scope of environmental and health 
considerations 

Today, the synfitels and nuclear industries are suffi-
ciently stable to allow reliable Investment estimates. 
At the costs currently estimated by SRI, synfuels 
from coal, oil shale, and tar sands will be economic

FIGURE 1 
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when oil prices reach $50-$60 per barrel 
(1986 dollars). The underlying trend in oil prices in-
dicates that prices will not reach $50 per barrel until 
the 2020-2040 era, as shown in Figure 2. 

S RI's estimates indicate that nuclear power will oil-

ways be less expensive than synfuels. Even though oil 
prices are expected to rise steadily from 1987, they 
believe that oil will be a relatively inexpensive source 
of energy for the next 20 years. 

Process Economics 

A review of cost estimates made in the early 1970s 
is compared with those for 1986 in Table 1. The raw 
material cost given for the coal plants assumes that 
coal will be made available at a price that is related 
to the cost of a mine dedicated to the synfuels plant. 

The lack of technical knowledge in the scale-up of 
early research to commercial facilities probably ac-
counts for the largest portion of the changes in the 
cost estimates associated with synfuels from coal and 
oil shale. Estimates of costs for alternate fuels, in 
general, were held down by optimistic assumptions 
about such things as process improvements and cost 
reductions for second and third generation plants. 

The early 1970s was a time of accelerating change 
with respect to environmental and health considera-
tions. The necessity of complying with new and In-
creasingly stringent standards forced costs upward. 
Furthermore, the rising concern about the safety and 
reliability of new plants caused an unanticipated 
redundancy in plant design that also raised costs. For 
the future, SRI has assumed that most of the forces 

FIGURE 2 
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TABLE 1 

ALTERNATE FUELS PRflxJcrIa4 WST ESTIMATES
1986 s/B (cOE) 

Early 1970s 1986 

Canadian Tar Sands 
Capital Charges 5 31 
Operating and Maintenance 9 13 
Raw Materials 0 0 

Total 14 44 

U.S.	 Oil	 Shale 
Capital Charges 5 37 
Operating and Maintenance 9 13 
Raw Materials 0 0 

Total 14 50 

Coal Liquefaction 
Capital Charges S 37 
Operating and Maintenance 7 11 
Raw Materials j. 

Total 16 54 

Coal Gasification	 (high-BTU gas) 
Capital Charges 5 42 
Operating and Maintenance 6 10 
Raw Materials _.k 

Total 16 59

Nuclear Power Generations 
Capital Charges	 5	 25 
Operating and Maintenance	 <1	 2 
Fuel Cost	 6	 1 

Total	 6	 28 

Oil price required to generate electricity in an 
oil-fired plant at rates competitive with 
a nuclear plant. 

that pushed plant costs higher have dissipated, and 
that a stable situation is at hand. The estimated 
costs for each technology In the twenty-first century 
are shown in Table 2. The prices assumed for this 
analysis are given in Table 3. 

Free. World Energy Outlook 

In 1973, the forecast free world energy demand for 
1990 was 184 million barrels of crude oil equivalent 
per thy. The current estimate for 1990 is 
100 million barrels. SRI International calculates that 
the overestimate of 84 million barrels per day of 
crude oil equivalent energy made in 1973 can be ac-
counted for by a shortfall in economic growth equiv-
alent to 37 million barrels per day and by energy 
conservation of 47 million barrels per thy. Thus the 
12-told increase in oil prices (constant dollar) gave 
rise to a 32 percent reduction in energy use.	 Ai
though the amount of energy conservation is enormous

in absolute terms, it nevertheless indicates that 
energy consumption is relatively unresponsive to price. 
That is, there was only a 0.3 percent reduction in 
energy use for a 10 percent Increase in energy price. 

For the future, SRI assumes that world economic 
growth will average 2.3 percent per year and that 
energy conservation will continue at 1.4 percent per 
year. This will result in an almost imperceptible 
slowing in oil consumption for the next 20 years, and 
than a decline. 

Field said that two important possibilities could alter 
the outlook for the expected trend in oil prices: 

- Oil prices could rise sharply because of a 
major oil supply disruption in the Middle East. 
Another oil price shock would undoubtedly be 
followed by an acceleration in oil conservation 
and a speedup in the substitution of other 
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TABLE 2 

SRI'S PROCESS ECONOMICS OF ALTERNATE 
FUELS IN THE 21ST (111JHT 

1986 $/8 (cXTh) 

Coal Coal 
Cost Tar Oil Lique- Gasifi-

Factor Nuclear Sands Shale faction cation 

Capital Charges" 26 31 38 38 42 
Operation and Main-

tenance Costs 3 17 17 14 13 
Fuel Costb 1 0 0 7 8 
Product Cost 30C 48 55 59 63 

a.	 159S OCF return at 10096 equity capital. 
b. Coal at dedicated prices. 
c. Oil price	 required to generate electricity in an oil-fired 

plant	 at	 rates competitive with it nuclear plant. 

TABLE 3 

ASSUMED n(EBGY PRICES IN THE UNITED STATES
1980 $ 

Crude Oil, $/b 
loported Natural Gas 

cents/million BTU 
$/b (COP) 

Coal, cents/million 13W 
Dedicated to Synfuels 
FOB Mine (For Sale) 
Transportation 
At Paver Plant

Historical Assumed 
1970 1.980 1986 2000 2020 2040 

4 49 13 24 42 74 

64 563 200 322 563 002 
4 3$ 16 19 33 58 

51 84 68 73 81 91 
33 140 124 177 289 400 
16 41 32 52 85 143 
39 181 156 229 374 431 

primary energy sources for oil. The reduction 
in	 oil consumption would then lead to	 an	 oil 
price trend	 that is	 lower	 than the expected 
trend. The	 crossover	 timing for alternate 
fuels could	 be delayed	 by an additional 
10-20 years.

-	 Oil prices could fall sharply	 if	 the downtrend 
in	 world economic growth	 evolve; into	 an 
economic depression. The eventual economic 
recovery could	 take many	 years. Such	 an 
episode would also delay	 the use of alternate 
fuels.
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REFINING OF SYNCRUDES NO MORE EXPENSIVE 
THAN HEAVY OILS 

The cost of refining synthetic crude oils into 
transportation fuels has been studied at great length, 
but there are still many unknowns involved. A paper 
presented at the Twelfth World Petroleum Conference 
by G. Thompson, R. Jensen, E. Cabrera and E. Houde 
of UOP Inc. highlights the current problems and the 
resulting refining economics. 

The COP Inc. study considered the five raw materials: 
a conventional petroleum crude, two heavier 
petroleum crudes, and distillates derived from coal 
and shale. Each material was considered to be 
processed in a single refining scheme producing a 
product slate slanted toward the production of 
transportation fuels. 

Feedstocks 

Arabian tight crude was chosen as the reference 
feedstock, as it is processed worldwide and provides a 
good reference for the technical and economic com-
parisons. The remaining two petroleum crudes, 
Arabian heavy and Nexican Maya, represent more-
contaminated feedstocks that require increasingly 
more complex and expensive upgrading techniques. 
Arabian Heavy was used to illustrate the processing 
of a moderately contaminated feedstock with conven-
tional refining technology. The Mexican Maya, on the 
other hand, illustrates the specialized refining tech-
niques necessary to maximize transportation fuels and 
minimize fuel oil production when processing ex-
tremely contaminated crudes. 

The shale oil used in this study was produced by 
modified in situ retorting of Colorado oil shale by the 
Occidental Petroleum Corporation. The coal Liquid 
was produced by Hydrocarbon Research lnc. ts il-Coal 
process. Both of these materials were assumed to be 
the total net liquid product from the conversion 
operation. 

•s illustrated in Figure 1, there are significant dif-
ferences in the distillations of the five feedstocks. 
The Arabian Light crude contains approximately 
50 weight percent atmospheric resid (3430 C), one-
third of which is nondlstillable. Progressing to the 
Arabian Heavy crude, the atmospheric resid content 
increases to 60 weight ?ercent, 	 while the non-
distillable content doubles. The atmospheric resid 
content further increases to 70 weight percent for the 
Maya crude, with the nondistillable content increasing 
to approximately 40 weight percent of the sampFe. 

Due to the nature of recovering the synthetic crudes, 
neither of these feedstocks contains non-distilLables. 
Their distillations, however, are very different. Ap-
proximately 90 weight percent of the coal liquid boils 
below 343 0 C, with this material being fairly evenly 
distributed between naphtha and distillate. The shale 
oil is even more unusual, in that it does not contain 
naphtha, with the vacuum gas oil (V(;O) fraction rep-
resenting slightly more than 75 weight percent of the 
sample.

FIGURE 1 
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While a fcedstocfl distillation affects the type and 
size of conversion unit, its contaminants determine 
the choice of pretreatment unit. Table 1 summarizes 
several properties of the five feedstocks. 

Refining Schemes 

For the heavier fractions of the crude barrel, several 
refining options are illustrated in Figure 2. A Ithougli  
they represent a wide range of processing alterna-
tives, these options may generally be classified as 
either the rejection of carbon or the addition of 
hydrogen. 

For the Arabian Heavy ease, the flow scheme utilizes 
a resid hydrotreater to increase the amount of con-
version unit feedstock and reduce the amount of fuel 
oil, and a reduced crude FCC (fluid catalytic 
cracking) unit to convert the hydrotreated resid. 

Conventional, fixed-bed hydroprocessing of the Maya 
crude is restricted by its high metals and coke 
precursor contents, while solvent deasphalting or 
coking produces large amounts of highly contaminated 
fuel oil or coke. The selected flow scheme for Maya 
includes a resid hydroconversion process unit (the 
Aurabon process) specifically designed to achieve high 
levels of contaminant removal and nondistillable con-
version from previously unrefinable heavy crudes. The 
naphtha, diesel and y OU fractions recovered in the 
fractionation section of the resid liydroconversion unit 
are	 blended	 .vith	 straightrun	 material	 before 
hydrotreating.	 The hydrotreated YOU is then
processed in a conventional FCC unit. 

Coal Liquid Refinery 

Due to the absence of nondistillables in either of the 
synthetic crudes, less complicated refining schemes 
are required. Although coal liquids may be processed 
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TABLE 1 

FEThS1	 PROPERTIES 

Mcxi - 
Arabian Arabian can Coal Shale 

Light Heavy Maya Liquid Oil 

API	 gravity 34.4 28.2 22.0 27.4 22.9 
$ulphur, wt% 1.7 2.8 3.3 0.1 0.6 
Nitrogen, wt% 0.04 0.09 0.1 0.19 1.51 
Asphalteims, wt% 1.7 4.6 5.2 0.1 0.3 
Conradson carbon, wt6 3.6 7.9 10.3 0.1 X.4 
Ni/V, wt ppn 4/13 18/56 35/174 1/1 6/1 
As/Fe, ,vt pni 1/1 1/8 1/5 1/2 27/45

FIGURE 2
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into a wide variety of finished products, depending 
upon the severity employed, hOP says Clint their high 
aromatic contents indicate they may be best suited 
for the production of petrochemical feedstocks. 
However, if strong demand for transportation fuels 
continues, it is reasonable to study their production 
from coal liquids. 

In the refining flow scheme Illustrated in Figure 3, 
the coal liquid is fractionated into its naphtha and 
distillate components. To increase diesel production, 
the recovered distillate fraction is first severely 
hydrotreoted to lower its end point and remove sulfur 
and nitrogen compounds. As relatively little aromatic 
saturation occurs in this hydrotreating operation, the 
distillate is further processed to improve its cetunc 
number by selectively saturating aromatics. The 
naphtha portion is then combined with straight-run 
naphtha,	 hydrotreated and reformed to produce
gasoline. 

Shale Oil Refinery 

Shale oil work has shown that the production of a 
product slate relatively evenly divided between 
gasoline and diesel requires considerably less hydrogen 
and utilities than one that is more gasoline oriented. 
The refining scheme required to produce the more 
evenly balanced gasoline/diesel product slate is li 
lustrated in Figure 4. 

The relatively high shale oil retorting temperatures 
tend to produce significant amounts of thermally 
unstable compounds, including diolefins, which if not 
at least partially saturated,	 can foul processing 
equipment. The shale oil refining scheme illustrated 
in Figure 4 includes a specially designed two-stage 
hydrotreater to stabilize the shale oil while also 
removing its metallic contaminants and reducing its 
nitrogen content. 

The hydrotreated shale oil is first fractionated to 
separate its distillate fraction. Portions of this frac-
tion are directed to the hydrocracker and FCC units, 
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FIGURE 4

SHALE OIL REFINING SCHEME 
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with the hydrocracker producing finished jet and 
diesel products and the FCC producing gasoline and 
fuel oil components. Light gases from the FCC are 
either alkylated or catalytically condensed to produce 
gasoline blending components, while the straight-run 
and hydrocracker naphthas are blended, hydrotreated 
and reformed before entering the gasoline pool. The 
light cycle oil (LCO) and clarified oil are used as 
refinery fuel. 

Economic Analysis 

The product slate for each refining scheme is shown 
in Table 2. The cost of each process unit was 
developed from curve type estimates based on second 
quarter 1986 US Gulf Coast construction and open 
shop labor. The overall Investment costs were then 
determined by adding to the process unit costs al-
lowances for: 

- Offsite facilities 
- Initial catalyst and chemicals inventory 
- Working capital 

Both the total costs of the process units and the 
overall investment cost for each refining scheme are 
summarized in Table 3. 

Of the five cases, the Maya feedstock requires the 
largest total refinery Investments. This Is a result of 
its high nondistillable content which requires both a 
larger bottoms conversion unit and a larger hydrogen 
plant. 

Of the two synthetic crudes, the coal liquid has the 
lowest Investment cost, primarily because of its smaLl 
VGa content. klthough the refining schemes for the 
two synthetic crudes are much simpler than the 
petroleum cases, their investment costs are generally 
higher as a result of larger unit sizes and greater 
hydrogen requirements. 

The total product values for each refining scheme, 
determined from material balances based on Table 2, 
are shown in Table 4. 

As this table illustrates, on n dollar per calendar-year 
basis the shale oil refinery generates the highest 
product value, $880 million. The Mays refinery 
produces the second highest revenue at $869 million, 
while the Arabian Heavy refinery produces the least 
amount of revenue, $791 million, because of Its higher 
yield of low-value fuel oil. 

The total operating cost for each refinery scheme has 
also been included in Table 3. These costs are based 
on the types and sizes of process units and estimates 
of the total utilities and labor requirements. 

The operating cost for the Maya crude is ap-
proximately 20 percent greater than the other 
feedstocks due to its larger fractionation, conversion 
and hydrogen requirements. 

Each material's value as a refinery feedstock is 
derived by subtracting its operating cost from Its to-
tal product value. These feedstock values are in-
cluded in Table 3. 
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TABLE 2

REFINERY PWXMJCF SLATES 

Are- Mcxl-
Products, Voluire Arabian bian can Coal Shale 
Percent of Feed Light Heavy rdaya Liquid Oil 

LPG 2.7 1.3 3.5 -- - -
Naphtlrn 2.0 -- -- --
Gasoline,

Unleaded Regular 43.5 15.5 24.6 35.0 41.6 
Unleaded PremIum 14.5 18.7 30.4 -- --

Jet Fuel 0.3 3.1 5.3 -- 10.7 
9icscl/No. 2 Fuel 19.7 32.6 20.6 72.7 41.6 
14o.	 C	 Fuel Oil 5.3 24.4 7.9 -- --

Total, vol% 97.0 W1 100.3 107.7 93.9 

TABLE :1

PROCESS UNIT AND INVESTI'&F2.1T 0)873 

Are- An- F.lcxi 
bian bian can Goal Shale 
Light Heavy rlaya Liquid Oil 

Process Unit Cost, 	 $.l	 305 280 375 325 390 
lnvestrmnt Cost, $M	 720 715 865 740 730 

TABLE 4

FEWSIO(X VALUES 

Are- Are- iexi-
Wan Wan can Coal Shalr 
Light 1Iea Liquid Oil 

Product Value,	 sM/yr 843 791 369 850 380 
Operating Cost, 	 $1.11yr 258 207 317 266 292 
Feedstock Value 

$1.1/yr 500 524 551 502 500 
$/bbl 17.08 15.88 16.70 17.04 18.12
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As this table illustrates, the Arabian Light and the 
two synthetic crudes have very similar feedstock 
values. The conventional processing of the two 
Arabian crudes, however, , results in an ii percent 
lower feedstock value for the Arabian Heavy crude 
due to its high yield of low-value fuel oil. 

Progressing from Arabian Heavy to the more-
contaminated Maya crude actually increases the calcu-
lated feedstock value by approximately $0.80 per bar-
rel due to the high degree of nondistillable conversion 
achieved in the Maya processing scheme. According 
to HOP, this is significant, as previous studies have 
shown a greater than $4 per barrel disadvantage for 
the processing of Maya, as opposed to Arabian Light, 
when using conventional processing technology. In the 
UOP study, the difference is reduced to slightly less 
than $1.20 per barrel.

UOP concludes that any of the materials tested may 
be used to produce transportation fuels, although dif-
ferences In the chemical and physical properties of 
these feedstocks require very different refining tech-
niques. The synthetic crudes were shown to have 
slightly greater feedstock values than petroleu tn 
crudes. 

The differences in the refining costs of these 
materials are insignificant, therefore, when compared 
to the current differences in their production costs. 
Consequently, the relative economics of transportation 
fuel production is little affected by refining costs and 
becomes mainly a function of production costs. 
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INTERNATIONAL 

METALLGESELLSCIIAFT SEES BRISK FBC BUSINESS 

Metnllgesellschaft AG notes in its Annual Report that 
the Gas and Synthesis Technology Division received 
few new orders In 1985/06, after :naliy good years. 
On the other hand, there was still much work to be 
done on existing orders, e.g. in the People's Republic 
of China for the startups of an ammonia synthesis 
plant and a methanol plant, and for methanol plants 
in East Germany, Malaysia and Indonesia. 

The level of new orders was severely hit by the 
abandonment or considerable postponement of promis-
ing large-scale, projects that were being worked on. 

In the gas production and synthesis sections, business 
was helped by follow-up orders for plants built in the 
past.	 These were complemented by orders for eon-
suiting and engineering services	 for increasing
capacity or rehabilitating existing plants. 

The gas purification and sulfur recovery section is 
handling several orders hi the refining sector. They 
are aimed at improving pollution control by increasing 
the sulfur recovery or reducing the SO emissions of 
Claus plants. 

Cho Division of Coal and Energy Technology 'nail-
tamed its workload at the high level reached In the 
previous year. The decisive contribution again came 
f rom the circulating fluid bed (CF II) coal combustion 
section. In contrast, there was no sign of an un-
prrivemnent in the fields of coal upgrading and 
gasification. 

The coal combustion section repeated its good sales 
performance of the previous year. Lurgi is the world 
moret leader In GELS boilers; the capacity of the 
plants completed or tinder construction at the end of 
the fiscal year totals approxi.notely 3,000 megawatts. 
Plants in Duisburg and Flensburg were handed over to 
the customers on successful completion of trial 
operation; a further boiler .vas ordered for ?lenshurg. 

Orders for combustion systems operating on the CFB 
principle were also received from Cologne, Wolfsburg, 
Kassel, Wuppertal and Berlin. 

Due to thq very large number of projects in hand, the 
center of activity is likely to shift from Germany to 
the United States it America in the current fiscal 
year. The co'npa-my feels that units with capacities 
of 130-150 megawatts, possibly even 250 megawatts, 
will be built there sooner than previously expected. 

#11414

UNITED STATES/ITALY SIGN FOSSIL FUEL 
COOPERATIVE AGREEMENT 

The United States Department of Energy (DOE) and 
the Italian Ministry of Industry, Commerce and Hand-
icraft (MICA), in July renewed a bilateral agreement 
between DOE and MICA which established a col-
laborative program of research and development on 
coal and other fossil energy technologies. Two addi 
tional agreements were signed: one dealing with en-
hanced oil recovery and a second denling with col-
laborative research In coal mixtures. 

Ongoing cooperation in coal-water mixtures (C Wi]) in-
eludes a technical exchange in connection with a 
demonstration	 of	 CIV I]	 in	 on	 oil-designed
35 megawatts (electric) boiler In Santa Cilia No. 2, a 
unit that is located in Sardinia. United States coal 
will provide the feedstock for the C W II used in the 
demonstration. The conversion ins been accomplished 
and a preliminary test phase was recently successfully 
completed.	 A longer term test, on the order of
1,000 hours, is planned to begin in December, 1987. 

The DOE is contributing to the dc rnonstration, through 
its contractor, Combustion Engineering, by doing an 
assessment of the required modification and prediction 
of the amount of derating that could be caused by 
various factors (e.g., calm burnout, fouling, slagging) 
due to burning coal, and depending upon coal quality. 
In return, EN EL, the sponsoring Italian utility, will 
provide the data from the test program to DOE. 

Collaboration between the two countries also is being 
discussed in the areas of coal cleaning, flue gas clean 
up, coal gasification, coal liquefaction, fluidized bed 
combustion, fuel cells, mnagnctoliydrodynamnics, strmic-
ture and reactivity of coals, coke oven omissions; and 
super clean coal/water mixtures. 

###I 

TRADE AND DEVELOPMENT PROGRAM OFFERS 
OVERSEAS OPPORTUNITIES 

The United States Trade and Development Program 
(TOP), an agency of the International Development 
Cooperation Agency, is the principal organization in 
the United States government which uses foreign as-
sistance funds to increase trade. It does so by 
financing the planning of projects in developing 
countries that have significant potential for using 
United States goods and services. This phnnhig assis-
tance also makes a contribution to the economic 
development of the countries in which TOP operates. 

TOP also provides United States investors with grant 
funds to conduct comprehensive feasibility studies for 
potential investments in Third World countries. These 
grants constitute risk capital to encourage private 
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Ali of these activities are undertaken with the overall 
goal of reducing Japan's dependency on oil. 

United States investment abroad in projects which will 
result in the export of United States goods and serv-
ices.	 The Investor project feasibility studies are 
funded on a reimbursable basis,	 whereby TOP's
50 percent contribution is repaid upon Investment.

The Oil-Alternative New Energy activities Include re-
search and development of technologies for the fol-
lowing Oil-Alternative New Energy Sources: 

The Congress has given the TOP significant and grow-
ing support. In Its first year, 1980, TOP was funded 
at $4.9 million. By fiscal year 1987, the Congress 
had increased TOP funding to $20 million. For fiscal 
year 1988, TOP is again requesting $20 million. 

Synthetic fuels-related activities which have been sup-
ported by the TOP in the past include: 

China Shanjiasi Heavy Oil Reservoir 
China Yuxian Gasification Plant 
China Wujing Trigeneration 

Thailand Oil Shale/Symposium 
Thailand Methanol Plant 

Brazil Underground Coal Gasification 

Panama Coal Gasification 
Panama Coal Methanol

Morocco Oil Shale Symposium 

if 

NEDO CONTINUES FOSSIL ENERGY RESEARCH 
PROGRAM 

In its 1987 statement of activities, Japan's New 
Energy Development Organization (NCDO) notes that 
the world oil supply and demand situation has recently 
shown signs of easing. However, in Japan there are 
little grounds for optimism regarding future energy 
prospects. The development of new oil fields is stag-
nating clue to the low price of oil, and supplies are 
now expected to become lighter than forecast as a 
result of increasing worldwide demand for oil, par-
ticularly among developing nations. 

As part of Japan's national policy, N El)) has been 
acting as the coordinating organization for the 
development of technology for the utilization of oil 
alternative forms of energy, and has pursued various 
activities related to the development of ne'v energy 
technologies, including those for coal liquefaction and 
gasification, renewable energy, and for increasing the 
efficiency of energy. 

In the Japanese view new energy will forn an essen-
tial component in the diversified energy supply and 
demand system of the twenty-first century. 

NEDO's Activities 

NEDO's activities are mainly concentrated in three 
areas:	 development of oil-alternative new energy 
technologies and resources,	 rationalization of the
domestic coal mining industry, and alcohol production.

- Coal Energy (Liquefaction and Gasification) 
- Solar Energy 
- Geothermal Energy 
- Energy Conversion and Storage 
- Alcohol Biomass Energy 

Coal Liquefaction - Bituminous Coal 

N EDO regards the development of coal liquefaction 
technology as a theme of major importance. 

The NEDO Coal Liquefaction Process (NEDOL 
Process) is a process for liquefying sub-bituminous to 
low rank bituminous coals which are found in many 
areas of the world. The process takes place under 
relatively moderate reaction conditions and involves 
the direct liquefaction of coal by means of the addi-
tion of hydrogen and a catalyst. The process is also 
simple and easy to operate, and hydrogen consumption 
is low. The high oil yield gives this process superior 
economic performance. Following is an outline of the 
NEI)OL Process. 

- Coal is liquefied in the presence of an active 
Iron-based catalyst and a hydrogen donor 
recycle solvent. 

- Heavy liquefied distillate is hydrogenated using 
a catalyst in order to obtain a hydrogen donor 
recycle solvent. 

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

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

Development of a pilot plant with a capacity of 
250 tons per day using the NEDOL Process was begun 
in 1984. Construction Is scheduled to begin In Ibaragi 
Prefecture during 1987, with research operation form 
1991. In parallel with this, small scale experimental 
plants are being operated in order to gather all the 
process and engineering data needed for the operation 
and support of the pilot plant. Furthermore, the 
development of the necessary liquefaction catalysts, 
hydrogenolysis catalysts, pumps, and valves is being 
carried out. 

Brown Coal Liquefaction 

The objective of the brown coal liquefaction (3CL) 
projects is to find a method of efficiently utilizing 
the vast resources of brown coal which exist in the 
state of Victoria in Australia (estimated deposits of 
200 billion tons). Brown coal contains over 
60 percent moisture and is liable to ignite spon-
taneously when it dries out, thus making its utilize-

1-19	 SYNTHETIC FUELS REPORT, SePTEMBER 1987 



thin very difficult. The project was begun in 1981 as 
part of a broad range of cooperative research and 
development projects between the Japanese and 
Australian governments. NEDI) developed the BCL 
process as being most appropriate for the liquefaction 
of this type of brown coal and constructed a pilot 
plant capable of handling 50 tons per day (dry coal 
base).	 Research and operation is scheduled to con-
tinue at the plant until 1989. 

The BCt. process is a two stage process suitable for 
liquefying the moisture and calcium rich Victorian 
brown coal tinder moderate conditions. its main fea-
tures are as follows: 

A new slurry dehydration system has been 
adopted in the coal preparation section in or-
tier to give a high oil yield and high energy 
ef (I ciency. 

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

- Catalysts are used to reduce the severity of 
liquefaction conditions--an lron-based dis-
posable catalyst in the primary hydrogenation 
stage and a Ni-.'.Io based catalyst in the 
secondary hydrogenation stage. 

Residual oil from both the primary and secon- 
dary hydrogenation stages are recycled 
together with solvents derived (rein the 
process in order to improve oil yield. 

The pilot plant's target dry coal-based oil yield is to 
produce over 50 percent light and middle distillates 
under conditions or 150/200 kilograms per square cen-
timeter and 430 0 C-450 0 C. 

In addition to the above, a variety of supporting re-
search is being conducted to obtain process and en-
gineering data necessary for operation of Inc pilot 
plant. 

Integrated Coal Gasification Combined Cycle 

Considerable hope is being placed on the development 
of the technology for integrated coal gasification 
combined cycle power generation as being more effi-
cient and having lass environmental impact than 
power generation in conventional coal-fired power 
plants. 

In 1986, N El) I) initiated a project for construction 
and research operation of a pilot plant. The plant 
consists of a coal gasifier with a capacity of 200 tons 
per day, a hot gas clean up system and a gas turbine 
with a capacity of 13 megawatts. Design or the pilot 
plant began In 1986, construction is scheduled to 
commence in 1988, and operation is planned from 
1989. 

The following gives an outline of the various equip-
ment to be used in the pilot plant.

- With the aim of high efficiency, the gasifica-
tion system will employ an air blown, pres-
surized two-stage process In which coal is fed 
pneumatically by air. 

- The gas clean up process will employ a hot 
dry type desulfurizer and dust removal equip-
ment. 

- A high-temperature gas turbine 1,300 0 C 
class, and a full size combustor test unit 
operated at actual temperature and pressure 
level will also be installed. 

Coal-Based Hydrogen Production 

The objective of this technology research is to 
produce low-cost hydrogen In large volume by means 
of the gasification of a wide variety of coals. The 
hydrogen thus produced could be used as transport 
fuel, or for a coal liquefaction process or for fuel 
cells. The technology essential to this process--the 
entrained flow gasification reactor--is being developed 
with a pilot pliant whose design and construction 'va 
begun In 1006.	 Research operation is schedtmted to 
start in 1990. 

In this process, pulverized coal is injected at high 
speeds Into the reactor together with oxygen in a 
rotating flow pattern at temperatures of over 1,5000C 
and a pressure of 30 <ilograms per square centimeter. 
Synthetic gas containing hydrogen and carbon 
monoxide Is produced. Then, by means of carbon 
monoxide shift and removal of carbon dioxide, a very 
pure hydrogen is obtained. 

At the pilot plant, in addition to the confirmation of 
the technologies, and of the reliability of the process-
ing system, studies will he undertaken on the automa-
tion of the process, and engineering data will be ob-
tained to allow the process to be used on a larger 
scale. 

Converting Oil-Fired Power Plants to Methanol 

Starting in 1981, with the ni rn of .)romoting the in-
troduction of methanol as an oil-alternative fuel (or 
thermal power plants and of perfecting the necessary 
technology, NEDI) has been conducting a variety of 
research projects. When burning methanol as a fuel, 
it is more efficient to reforn the methanol into gas 
through the use of exhaust heat from gas turbines. 

Elementary studies are now being undertaken oq the 
characteristics of catalysts, heat recovery systems and 
optima) design of the reformer by using small scale 
plants. Also, elementary studies are being conducted 
to develop optimal combustion chambers in gas tur-
bines to ensure more efficient methanol burning. 
Small model combustion chambers have been trial-
manufactured and tested in order to develop optimal 
combustion chambers. 

Development of an Otto Cycle engine which uses 
high-blend methanol as a fuel is also being conducted, 
in addition to a reformer for use with fuel cells. 
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New Energy Information Center 

In April 1986, NEDO established the "New Energy In-
formation Center" with the purpose of facilitating the 
international exchange of data on research and 
development of technologies related to oil-alternative 
new energies. The center is presently installing 
equipment for an optical disk new energy data 
reference system and a data control system using ad-
vanced computer data bases. As a contracting party 
to the International Energy Agency's newly established 
Common Energy Data Base, NEDO is exchanging in-
formation by making data on Japan's energy technol-
ogy development available overseas.

Japan-China Joint Coal Liquefaction 

Based on a technology cooperation agreement between 
the governments of Japan and the People's Republic 
of China, a small-scale coal liquefaction plant with a 
capacity of 0.1 ton per day was constructed during 
1983 in Beijing to conduct tests on the liquefaction of 
Chinese coal.

fl#4 
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ENVIRONMENT 

VICE PRESIDENTIAL TASK FORCE BOOSTS 
ENVIRONMENTAL BENEFITS OF ALCOHOL FUELS 

Vice President George Bush, chairman of the 
President's Tusk Force on Regulatory Relief, an-
nounced in July the completion of the Task Force's 
review of the potential role of alternative fuels such 
as methanol, ethanol, and compressed natural gas in 
meeting the nation's air quality goals. The Task 
Force concluded that for many areas which are in 
nonattalninent of the carbon monoxide air quality 
standard, the use of oxygenated fuel blends is the 
only available control option short of restricting car 
travel, tightening Inspection and Maintenance Program 
requirements, or controlling tailpipe emissions even 
further. Alternative fuel strategies could also relieve 
some states of unpopular motor vehicle inspection and 
maintenance programs. 

Similarly, for ozone nonattaln mont areas, use of al-
ternative fuels could obviate the need for states to 
impose much more intrusive and costly regulations, 
such as control of local bakeries and restrictions on 
car travel. 

Background

Corridor (ozone and carbon monoxide), the 
high altitude/cold weather areas (carbon 
monoxide). 

The Task Force concluded that the greater use of al-
ternative fuels could produce significant reductions in 
ambient levels of ozone and carbon monoxide. As a 
result, the Task Force called for measures to promote 
the use of alternative fuels. 

Emission BeneCits and Air Quality Gala, 

The working group made estimates of the Likely emis-
sion reductions that can be achieved by vehicles using 
alternative fuels. Available data indicate that alter-
native fuel vehicles using N185  (85 percent methanol 
and 15 percent gasoline) could yield a reduction of 
Si)	 to 50 percent In vehicle emissions of ozone-
forming hydrocarbons.	 Methanol vehicles could
achieve reductions of as ,nueh as 90 percent using 
advanced technology. Similarly, an oxygenated 
gasoline blends program would yield a fleet-wide 
reduction of 12 to 22 percent (depending on the 
oxygen content of the fuel) in 1900 carbon monoxide 
emissions. 

The emission	 reductions shown in Table  are based 
The Clean	 Air	 Act	 (CAA) required nationwide attain- on	 a	 comparison	 with	 a	 conventional	 gasoline-fueled 
nent of the ozone and carbon monoxide National Air vehicle	 meeting current	 EPA	 tailpipe emission stand-

bleat	 Air	 Quality	 Standard	 (N AAQS)	 by ards.	 (California	 has	 adopted	 more	 stringent	 stand-
December	 31,	 1982,	 but	 allowed	 extension	 until ards	 for 1989 model year gasoline-fueled vehicles and 
December	 31,	 1907,	 for	 nonattainmncnt 	 areas in states calculations	 for	 California	 have	 been	 adjusted	 to 
that	 agreed	 to	 adopt	 certain	 stringent	 control reflect these more stringent emission standards.) 
programs	 (e.e.,	 motor	 vehicle	 inspection	 and	 main-
tenance programs) as a part of their State lmaptemen- Flexible-fueled	 vehicles	 and	 current	 dedicated 
tation	 Plans	 (SIPS).	 If	 a	 state	 failed	 to	 develop	 an methanol-fueled	 vehicles	 using	 M05	 will	 achieve	 a 
approvable	 plan	 or	 fails	 to	 implement	 an	 approved 20	 to	 50	 percent	 reduction	 in	 the	 ozone	 formation 
plan,	 then	 EPA	 (Environmental	 Protection	 Agency) potential	 of	 vehicle	 emissions.	 (See	 Table	 1.)	 An 
nay	 ban	 construction	 of	 new	 major major emission sources 

or may block distribution of federal highway construc-
tion funds, Clean Air Act assistance grants, or sewage 
treatment	 plant	 construction	 grants.	 To provide	 for TABLE 1 
attainment,	 many areas will require drastic reductions 
in	 vehicle	 e,nlasions	 and will	 need	 to	 consider poten dIssla4 REDUCTION POTENTIAL OF METHANOL VEHICLES 
tiaLly	 disruptive	 measures.	 For example,	 EPA	 night 
impose	 such	 'neasures	 as	 downtown	 parking	 restric-
tions or gasoline	 rationing in	 order to bring about	 at- Reactive 
tab	 rflent. Hydrocarbons 

Potential -	 Currently,	 76	 metropolitan	 areas	 are	 nonat- for Ozone	 Carbon 
tam	 ,nent	 for ozone.	 Most	 of	 these	 will	 miss Fo rim tioil 	 Monoxide the 1987 deadline.  

Flexible Fuel	 32% 
-	 Roughly	 80	 metropolitan areas	 are	 noaattain- Vehicle (FFV)	 (20	 to 5w5)	 0 mont	 for	 carbon	 monoxide.	 Many	 of	 the 

carbon	 monoxide problem areas are also ozone Current Technology	 32% 
problem	 areas,	 the	 remainder	 are	 generally (MuS)	 (20	 to	 5095)	 0 high	 altitude	 cities	 with	 cold	 winters	 (e.g., 
Denver).	 The	 majority	 of	 these	 will	 Likely Advanced	 90% 
miss the 1987 deadline. Technology	 (14100)	 (05	 to	 05 1.'L)	 30-90i

The key nonattainrnent areas are: California 
(ozone and carbon monoxide), the Northeast
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yield a steady-state reduction in ambient ozone levels 
of six to 11 percent. 

advanced technology methanol-fueled vehicle using 
M 100 would achieve reductions of 85 to 95 percent in 
the ozone formation potential of vehicle emissions. 

An advanced technology (Mba) vehicle could also 
achieve substantial reductions in CO emissions ranging 
from 30 to 90 percent. At the same time, methanol 
fueled vehicles can be expected to achieve the same 
stringent NO x emissions as will be required of all new 
cars. 

Alcohol blends (ethanol, methanol with 3.7 percent 
oxygen content) can achieve substantial reductions in 
CO emissions-20 percent or more —from older 
(carbu reted or open-loop) vehicles. Methyl Tertiary 
Butyl Ether (MTBE) blends (2.0 percent oxygen 
content) will achieve CO reductions in excess of 
10 percent in older vehicles. In closed loop, fuel in-
jected vehicles, however, potential emission reductions 
with blended fuels are cut in half. As a result, the 
CO emission reduction benefits of on oxygenated fuels 
program will slowly decline in future years as new 
cars replace older carbureted and open-loop cars in 
the vehicle fleet. 

EPA has used these estimates of per vehicle emission 
reductions to provide some modeling estimates of the 
likely air quality gains with the use of alternative 
fuels. They found that passenger vehicle fleet con-
version to M85 (dedicated or flexible-fuel vehicles) 
would reduce Volatile Organic Carbon (VOC) emission 
levels by two and three percent by 1995. Passenger 
vehicle fleet conversion using M100 vehicles would

Costs of Alternative Fuel Programs 

On the basis of its review, the working group con-
cludes that alternative fuel programs could achieve 
air quality gains at little or no additional cost beyond 
that associated with the use of conventional fuels. 
However, this result is very sensitive to the underly-
ing assumptions on the price of gasoline vis a vis the 
price of alternative fuels. 

Table 2 shows the costs per ton of hydrocarbon 
reduced for the conversion of a vehicle fleet to 
methanol fueled vehicles. The costs of such a 
program are dominated by the relative prices of 
methanol and gasoline. 

The range in the estimate of the Incremental costs of 
methanol-powered vehicles reflect Ford and General 
Motors testimony before Congress, and the estimates 
of Environmental Protection Agency, Department of 
Energy, and Department of Transportation staff. 

In general, the costs per ton reduced are negative. 
Under most assumptions, the life-cycle costs of 
methanol cars are lower than the cost of a gasoline-
fueled car. This is not the case, however, if the 
price of methanol is relatively much higher than 
gasoline. 

TABLE 2 

ESTIMATED COST EFFECTIVENESS OF METHANOL STRATEGIES 
(1986 $) 

Increased Retail Retail Increased Cost Per Ton 
Best Vehicle Price of Price of Annualized of Reduced Emissions 

Estimates Price Gasoline Methanol Fuel Cost California 49 States 

MOS, 19900 $750 $1.04 $.64	 (5185) $270 $48,000 $24,000 
M85, 1995b $ SO $1.33 $.73	 (bIBS) ($60) negative negative 

1995c 0 $1.33 $.64	 (11100) ($245) negative negative

a Srmll scale production of 5,000 vehicles per year. 
b Large scale production of 150,000 vehicles per year. 
c Large scale production of 150,000 vehicles per year. 
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H acorn rnendatim 

The Task Force made the following recommendations: 

- The Environmental Protection Agency provide 
guidance to the states on the emission reduc-
tions available from alternative fuels 
progra ms. 

- The General Services Administration issue a 
request for proposals early next year for the 
purchase of at least 5,000 flexible-fueled 
motor vehicles. 

The Urban Mass Transit Administration, which 
has already Initiated six methanol bits 
demonstration projects, augment those projects 
by	 undertaking	 a similar	 demonstration
Program for compressed natural gas.

- Environmental Protection Agency develop an 
emission trading/banking program for heavy-
duty truck engines. 

- Environmental Protection Agency consider the 
effect of state and local adoption of alterna-
tive fuel programs in Its strategy for the 
Clean Air Act nonattainment areas. 
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RECENT GENERAL PUBLICATIONS/PATENTS 

The following paper was presented at the Ninth International Congress of Chemical Engineering, Chemical 
Equipment Design and Automation, held in Praha, Czechoslovakia, August 30 - September 4, 1987: 

Wojcik, W., et al., 'Optimization of Catalyst Performance Parameters in the Methanol-To-
Gasoline Process". 

The Ninth International Conference of the International Association of Energy Economists, "World Energy 
Markets: Coping With Instability", was held at the University of Calgary, Calgary, Alberta, Canada, July 6-8, 
1987. A large number of papers of general interest were presented. Listed below are the papers whthh'ap-
peared to have the most relevance to the future of synthetic fuels: 

Verleger, P., "Energy Security, Import Dependence and Appropriate Policies in the Context of In-
ternational Economic Stability". 

Stanley-Miller, J., "The U.S. High Level Security Review: A Summary of Supporting Analysis". 

Norwich, C., "The International Energy Program and the Stability of the World Oil Market". 

tiunasinghe,	 Ti.,	 "Energy Economics in Developing Countries:	 Proble'ns and Perils of 
Application". 

Penrose, E., "Defending the Price of Oil". 

Satherland, J., "Industrial Energy Demand: Adjusting to Equilibrium". 

Coupez, B., et al., "Crude Oil from 16 to 20 U.S.$JBBL Between 1987 and 1990: Expected Per-
formance of the Western Economies at Macroeconomic and Industry Level". 

Adelman, Ti. A., "Economics of Mineral Depletion" 

Lorenz, J., "The Supply of Oil and Gas From Basins: Lessons From History". 

Pechan, E., et al,, "The Availability of Coal Resources and Reserves in the U.S.". 

Wigley, K. J., "Future  Coal Demand and Supply Prospects for ISA Countries". 

Bloomer, C., et al., "Price Volatility and the Profitability of Conventional Oil and Gas Explora-
tion in Alberta". 

Schipper, L., "Energy Savings in the OECD: Permanent or Reversible". 

Considine, T. J., "Energy Demand Models: Global Properties and Dynamic Adjustments". 

Dougherty, E. L., et al., "Outlook for Free World Total Energy Demand and Oil Shara Through 
2000". 

Fleury, N. '3., "What Crude Price Can Balance Oil Markets?" 

Naini, 4., at al., "Buy high, Sell Low: Canada Plays the International Dil Market". 

Hsu, C. J. V., et al., "The Price of Fuel Oil for Power Generation - A BrealcEven Analysis". 

Owen, A. 0., "Australia's Role as an Energy Exporter: Status and Prospects". 

Coburn, L., "Diversification and Retrenchment: Shifting Strategies of U.S. Petroleum Companies 
in Response to Unstable Prices". 

Srashear, J. P., et al., "The Potential Economic Benefits of Enhanced Oil Recovery Stimulated 
by State Tax Incentives". 

Christie, A. G,, "Issues in Australian Energy Policy". 
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Iwayemi, A., "Oil Resource Development in a Changing Global Environment: The African 
Experience". 

Da Motta, R. S., et al., "An Economic Appraisal and New Adjustments in the Brazilian National 
Alcohol Program". 

Guadagni, A. A., at al., "A Cost Benefit Analysis of the Argentina Alcohol Investment Program". 

The following papers were given at IUPAC CHEMRAWN VI, the World Conference on Advanced Materials for 
Innovations in Energy, Transportation & Communications held in Tokyo, Japan, May 17-22, 1987: 

Porter, C., "Energy Materials and Human Life". 

Oshima, K., "Energy Generation Towards the 21st Century". 

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

The following papers were presented at The Watt Committee on Energy Twenty-Second Consultative Con-
ference held in Riccarton, Edinburgh, June 30 - July 1, 1987: 

Price, E., "A Review of Energy Use - Economic and Commercial Factors". 

Hackett, 8., "Rational Use of Energy - The Aims". 

Twidell, .L, "Energy Use - The World Scene, 1977-87". 

The following articles were published in the June issue of Energy Progress: 

Liebson, I., "Comparative Economics for Alternative Fuels and Power Technologies". 

Rovner, J. M., at al., "Conversion of Natural Gas to Methanol in Southern Chile". 

GENERAL - PATENTS 

"Dense Phase Coal Feeding System," David W. Sharp - Inventor, Exxon Research and Engineering Company, United 
States Patent 4,668,130, May 26, 1987. Carbonaceous solids such as coal and oil shale are fed to a high tempera-
ture processing vessel without bridging and plugging problems interrupting the flow of the solids into the processing 
vessel by passing the solids at a controlled rate from a feed vessel into a first conduit communicating with the 
feed vessel. The solids are then passed through the first conduit into a second conduit which communicates with 
the first conduit and the processing vessel, and which contains a scraper for scraping the inside walls of the con-
duit. The pressure in the feed vessel is maintained at a level higher than that in the processing vessel by passing 
a sufficient amount of a gas into the feed vessel such that the solids are passed through the second conduit into 
the processing vessel in dense phase pneumatic flow as the scraper scrapes the inside walls of the second conduit 
thereby preventing any bridging or plugging from occurring. Normally, the scraper will consist of a wire helix 
which Is rotated inside the second conduit. 

"Process For Production Of Hydrogenated Light Hydrocarbons By Treatment Of Heavy Hydrocarbons With Water And 
Carbon Monoxide," Alex Y. Bakker, Fredrick J. Gefri, Andlappan K. Murthy, Kundanbhai M. Patel - Inventors, 
Allied Corporation, United States Patent 4,675,097, June 23, 1987. A process for converting heavy hydrocarbon into 
light hydrocarbon which comprises contacting heavy hydrocarbon having an API gravity at 25 0 C of less than about 
20, such as Boscan heavy crude oil and tar sand bitumen, with a liquid comprising water, and carbon monoxide in 
the presence of an externally added catalyst comprising a mixture of sulfur and at least one of ferric oxide, ferric 
sulfide, ferrous sulfide and pyrite, a residue and a phase comprising light hydrocarbon, gas and water; separating the 
residue and said phase; and recovering from said phase light hydrocarbon having an API gravity at 25 0 C of greater 
than about 20, and having a hydrogen to carbon mole ratio greater than that of the heavy hydrocarbon feedstock. 
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COMING EVENTS 

1987 

SEPTEMBER 1-3, CHICAGO, ILLINOIS - International Conference on Advances in Material Technology for Fossil 
Power Plants. 

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

SEPTEMBER 7-10, BEIJING, CHINA - International Symposium on Coal Combustion. 

SEPTEMBER 8-12, GENEVA, SWITZERLAND - international Energy Exhibition. 

SEPTEMBER 10-11, POITIERS, FRANCE - GRECO Ilydroconversion et Pyrolyse du Charbon Meeting. 

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

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

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

SEPTEMBER 14-16, CALGARY, ALBERTA, CANADA -- Petroleum and Chemical Industry Conference. 

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

SEPTEMBER 24-25, LONDON, UNITED KINGDOM - First European Conference on the Influence of Inorganic Con-
stituents on Coal Combustion in Small to Medium Sized Boilers. 

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

SEPTEMBER 27-29, CALGARY, ALBERTA, CANADA -- Sixth Annual International Oil and Gas Markets Conference. 

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

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

SEPTEMBER 28-OCTOBER 1, CARBONDALE, ILLINOIS - 2nd International Conference on Processing and Utiliza-
tion of High Sulfur Coals. 

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

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

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

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

OCTOBER 4-3, MONTREAL, QUEBEC, CANADA - Canadian Society for Chemical Engineering Annual Conference. 

OCTOBER 5-7, HOUSTON, TEXAS - Domestic and World Oil: Finding Answers to the Crisis. 

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

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

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

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

OCTOBER 16-19, FUKUOKA, JAPAN - Chemical Society of Japan 55th National Meeting. 
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OCTOBER 26-28, GRAND JUNCTION, COLORADO - Comparative Economics of Clean Coal Technologies. 

OCTOBER 26-30, KNOXVILLE, TENNESSEE - 5th Symposium on Separation Science and Technology for Energy Ap-
plications. 

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

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

OCTOBER 27-29, HAMBURG, FEDERAL REPUBLIC OF GERMANY -- 4th European Symposium on Enhanced Oil 
Recovery. 

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

OCTOBER 28-29, PALO ALTO, CALIFORNIA - Coal Gasification 7th Electric Power Research Institute 
Contractor's Conference. 

OCTOBER 28-31, WASHINGTON, D. C. - Coal Ash Utilization 8th International Symposium. 

NOVEMBER 24, WELLINGTON, NEW ZEALAND - Coal Research 2nd Conference. 

NOVEMBER 2-6, GAITHERSBURG, MARYLAND - 	 the 
stitute 20th Fall Technical Mepti.v on Chemieni n 

NOVEMBER 3-6, METZ, FRANCE - Characterization of Products from Coal Pyrolysis Symposium. 

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

NOVEMBER 11-13, BARCELONA, SPAIN -- 4th Mediterranean Congress of Chemical Engineering. 

NOVEMBER 11-13, WASHINGTON, D. C. - Energy Economics and Energy Politics. 

NOVEMBER 15-20, NEW YORK CITY, NEW IOniC - American Institute of Chemical Engineers Fall 1987 Annual 
Meeting. 

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

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

NOVEMBER 22-25, HONOLULU, HAWAII - Combustion Institute Fall Meeting. 

NOVEMBER 28, GENEVA, SWITZERLAND - World-First International Energy Exhibition. 

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

DECEMBER 2-4, DUSSELDORF, FEDERAL REPUBLIC OF GERMANY -- Advanced Coal Power Plant Technology and 
Hot Gas Cleaning Conference. 

DECEMBER 6-8, COPENHAGEN, DENMARK -- Applied Coal Technology Seminar. 

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

DECEMBER 14-16, MIAMI REACH, FLORIDA - 8th Miami International Conference on Alternative Energy Sources. 

DECEMBER 14-18, BILBAO, SPAIN -Energy Conference. 

1988

JANUARY 10-14, NEW ORLEANS, LOUISIANA - Energy-Sources Technology 11th Annual Conference and Exhibition. 

JANUARY 25-28, PHOENIX, ARIZONA -- Society of Mining Engineers Annual Meeting and Exhibit. 
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PROJECT ACTIVITIES 

ESSO CONTINUES RUNDLE PAYMENT 

Esso Exploration and Production Australia Inc. has 
paid $12.5 million to Southern Pacific Petroleum N.L. 
and Central Pacific Minerals N.L. to continue the 
Rundle joint venture. 

Esso has 50 percent interest in the Queensland project 
under the Rundle joint venture agreement of July 18, 
1985. The payment is the second and last according 
to the contract. 

The Queensland Department of Mines has renewed the 
Rundle lease for an additional five years, until March 
1992.

4444 

UNOCAL DROPS PLANS FOR FLUIDIZED BED 
COMBUSTOR 

Unocal Corporation has decided not to proceed with 
plans to add a fluidized bed combustor for spent 
shale —the Unishale C technology—at its Parachute 
Creek Shale Oil Project. Construction of the 
fluidized bed combustor (FEC) would have qualified 
the project for an additional $500 million in federal 
loan and price guarantees. 

The company said that the major reason for the ter-
mination was the unexpectedly high cost of the FEC 
unit. Unocal initially estimated it would cost 
$260 million, but the actual design by Lurgi GmSH of 
Frankfurt,	 West Germany,	 came In at over 
$352 million. The higher costs were said to result 
from design changes, larger equipment, higher operat-
ing temperatures and more extensive emission-control 
equipment. Higher projected costs, along with low oil 
prices and the loss of the Investment tax credit under 
the tax reform act, make the FEC uneconomic even 
with the government loan guarantees and price sup-
ports, the company said. 

Just before it was killed by Congress in December 
1905, the United States Synthetic Fuels Corporation 
signed an amendment to the agreement with Unocal 
adding $500 million in loan guarantees and price sup-
ports for the FEC upgrade. Under the amendment to 
the agreement, Unocal would have been able to col-
lect up to $75 per barrel for Its shale oil. 

According to the company's contract with the federal 
government, Unocal was required to make a final 
decision on the FEC by June 30th. The company 
notified the Treasury Department of its decision to 
terminate the FEC program as of June 18th. 

As envisioned by Unocal, the FEC was a technological 
advance that would have recovered residual heat from

the hot, spent shale and additional heat from the 
combustion of residual carbon in the shale. It would 
also have generated process heat and electricity for 
use in the project and for sale to utilities. 

Also of key importance is the fact that the FEC unit 
would have replaced the spent shale cooler presently 
in use at the plant. A large part of the plant's 
operational difficulties in the past three years have 
centered on the spent shale cooler. Although the 
FBC was originally primarily intended to improve the 
energy balance of the retorting process, it would also 
have replaced the present cooling system. During the 
past year Unocal has made numerous modifications to 
the plants cooling system, and the company is confi-
dent it can now proceed with current technology. 

Total production of crude shale oil to date has been 
some 400,000 barrels but the plant has never operated 
for any length of time above 40 to 50 percent of 
design capacity.	 Unocal says that it plans to con-
tinue operating and improving the plant. Unocal 
president, R. Stegemeier, stated recently that If cur-
rent trends continue, the 1990's will almost certainly 
bring on a destructive new era of price shocks and 
supply disruptions that could shackle economic growth 
and jeopardize national security. "For these reasons, 
now is NOT the time to abandon alternative energies, 
particularly one as promising as oil shale. 	 Finding
and developing new energy sources is a costly, risky, 
time-consuming process. We cannot begin pumping 
new oil supplies overnight or develop alternative 
energies at a moment's notice." 

The Unocal president pointed out that the Parachute 
Creek project is a result of more than 40 years of 
research and development by Unocal. Unocal has in-
dependently shouldered the facility's construction costs 
and developed its technology, he noted. "The 
Parachute Creek project exemplifies Unocal's willing-
ness to make long-term investments In selected tech-
nologies that could eventually play a vital role in 
safeguarding America's future energy security." 

#4" 

NEW PARAHO ASPHALT PROJECT ASSURED OF 
FUNDING 

New Paraho Corporation had previously announced 
plans to re-activate its oil shale retorting pilot plant 
near Rifle, Colorado, and test the product for asphalt 
paving (see Pace Synthetic Fuels Report, March, 1987, 
page 2-6). 

Paraho's Chapter 11 bankruptcy was settled in July of 
1986 and the renamed corporation placed back In the 
oil shale business after a merger with Energy 
Resources Technology Land, Inc. ( g rilL), an entity of 
the Ertl family Interests. 
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The merger between Paralio and Ertl, which became 
effective July 23, 1986, brought together the pre-
viously held assets of Paraho Development Corpora-
tion, consisting primarily of the patented Paraho 
process for retorting oil shale, oil shale mineral Leases 
In Utah and pilot plant facilities; with cash and a 
50 percent interest in certain oil shale claims located 
In Rio Blanco, Colorado contributed by ErtC 

In return for these contributions, Ertl received an 
80 percent interest in the surviving corporation. The 
remaining 20 percent interest in the New Paraho Cor-
poration is held by the previous creditors and 
shareholders of Paraho Development Corporation.

An announcement by the Tell Ertl Family Trust (see 
related article elsewhere in this issue) that It will 
fund the New Paraho asphalt test program now as-
sures that the project will go forward. The Ertl 
Trust will use monies derived from the sale of certain 
oil shale properties to Shell Oil Company in June, 
1987.

ft ft ft ft 
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CORPORATIONS 

ERTL TRUST DISCLOSES OIL SHALE PLANS 

In announcing the sale of oil shale properties to Shell 
Oil Company (see related articles elsewhere in this 
issue) the Tell Ertl Family Trust summarized the his-
tory of the property and the future plans to be 
carried out with monies derived from the sale. 

The Ertl family and other co-owners were issued 
patents on November 7, 1086 on certain properties in 
western Colorado which contain substantial oil shale 
resources. The family entities, or their predecessors 
in interest, have owned that mineral resource since 
discovery in 1910-19, but title has been clouded since 
1961 by litigation Initiated by the United States. A 
definitive opinion of the courts occurred In May of 
1985 and settlement between the parties was reached 
In August of 1086, resultin g in the issuance of 
patents, and reconveyanee to the United States of 
rights other than those required for development of 
the oil shale resource. 

Co-owners of the property, with the Ertl family, are, 
In most cases, elderly and have been either owners of 
the property and/or involved In the industry for 
decades, some since 1913. It has been the stated 
hope of the Ertl family that those Individuals would 
be able to see some of the fruits of their property 
and efforts within their lifetimes. 

The Ertl family's position is that the development of 
oil shale is essential to the future economic and 
energy security needs of the nation. They believe 
that the best way to meet these needs is through the 
further development of technologies and products that 
are economically viable. They further state that If 
and when shale oil is necessary for motor fuel type 
applications, that it is best developed by private In-
dustry, preferably without any government subsidy 
funding. A way should be found for that to be an 
orderly process and not a series of boom and bust 
cycles. 

Ertl family entities own a controlling Interest in the 
New Paraflo Corporation. It has funded research in 
conjunction with the Western Research Institute, 
which, on a laboratory scale, demonstrates that the 
use of shale oil as an additive to conventional as-
phalts may substantially reduce the susceptibility of 
asphalt roadways to moisture damage, one of the 
leading sources of roadway deterioration. 

The Ertl family notes that the development of an oil 
shale facility producing products for use as motor 
fuels will require massive amounts of capital, which 
far exceeds the family's liquidity in the foreseeable 
future. However, the furthering of technology for the 
purpose of smaller scale activities such as the oil-
shale-to-asphalt applications may require much less 
capital to prove, demonstrate and finance.

This amount is still several times more than present 
family resources, including capital made available 
from the sale to Shell. However, the next step in 
that process, the field testing of shale oil as a road-
way component, can now begin. 

One of the key factors in being able to move forward 
now is the security of title to the oil shale resource 
which was obtained recently through the settlement of 
the long-tanthng litigation. The Ertl family says that 
this security is essential for any commercial project 
to move forward. 

Tt Program 

The New Paraho Corporation and the Tell Ertl Family 
Trust jointly announced that a two-year program has 
been funded by the Trust to test under field condi-
tions the use of shale oil as an additive to asphalt 
for paving materials. 

The test will consist of the retorting of 3,000 tons of 
oil shale at the Paraho Oil Shale Research Facilities 
located near Rifle, Colorado and testing of three 
miles of shale oil modified roadways in the western 
United States. The technologies to be tested have 
been developed by Paraho and the Western Research 
Institute. 

Approximately $2,500,000 will be expended on the 
project. Initially eight people have been employed at 
the Paralto facility near Rifle, Colorado. A short 
test run of the retort will occur this fall, with the 
production run for the asphalt material to take about 
three months next spring. Approximately 15 people 
will be employed during that time. Also included in 
the project are an Initial engineering design and a 
feasibility study for a commercial facility. If the 
present testing Is successful and further financing can 
be obtained, the commercial facility would produce 
2,000 to 5,000 barrels per day and cost from $150 to 
$250 million. Siting for the commercial facility will 
be explored both on the Mahogany Shale Project lands 
in Colorado and on the Paraho/Ute shale property in 
Utah. Paraho still retains about 5,800 acres of state 
leases In Utah. It is presently estimated that the 
commercial phase would employ 600 to 850 construc-
tion workers for a period of two to three years, and 
150 to 300 permanent workers for the life of the 
project. 

On June 18, 1987, Ertl Family Trusts and other 
owners of the Mahogany Shale Project concluded an 
agreement with Shell Oil Company and Its subsidiary, 
Shell Western E & P Inc., to convey to Shell certain 
oil shale property in Rio Blanco County, Colorado. 
This agreement provides sufficient capital to allow 
the Ertl family to proceed with field development to 
prove or disprove the viability to the asphalt applica-
tion. 
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The cash consideration to the owners is approximately 
$37 million. Upon production, a royalty of 3/4 of one 
percent of the sales of products produced from the 
lands would be payable. Shell has acquired rights to 
17,270 net mineral acres. Total acres in Mahogany 
Shale Project lands are 21,083. Shell has not ac-
quired any rights to either lands or technologies to be 
utilized in the asphalt application. 

#4"

Cleveland-Cliffs has now withdrawn from the uranium 
industry and consolidated its oil shale position," said 
M oore. 

At the same time, Standard Oil (Sohlo) has now Com-
pletely released all oil shale land interests. Sohio 
was a major factor in the oil shale land boom of the 
1960's, buying a number of different properties over a 
period of several years.

#41 #4 

CLEVELAND-CLIFFS AND SOHIO REALIGN OIL 
SHALE HOLDINGS 

Cleveland-Cliffs Inc. announced the sales of interests 
In Colorado oil shale and Wyoming uranium reserves. 
Cliffs will realize about $4.1 million from the trans-
actions. A pretax gain of $1.2 million will be in-
eluded in the second quarter results. 

M. Thomas Moore, president and chief executive of-

ficer stated that the sales represent a part of the 
company's objective to sell non-strategic assets and to 
continue efforts to reposition Cliffs in the mineraLs 
industry. 

The oil shale holdings,	 known as the Pacific 
Properties, have been acquired by Shell Western 
E & P Inc., a subsidiary of Shell Oil Company, and 
are in Garfield and Mesa Counties in western 
Colorado. Cliffs' partners In the sale are Standard 
Oil Alternate Energy Development Company and Mobil 
Exploration and Producing North America Inc. Cliffs 
o.,ned a 20 percent share of the property. 

Moore toted that through earlier transactions this 
year with Standard, Cliffs has consolidated its oil 
shale holdings in Utah. Cliffs and Standard had ac-
quired a 75-year lease to the Skyline property from 
Skyline Oil Company, now controlled by Texas East-
ern. The Skyline property is located adjacent to the 
U-a, U-b federal oil shale leases in which Standard 
was a major partner. The company has 100 percent 
ownership	 of	 reserves	 containing	 more	 than
750 million barrels of recoverable reserves, more than 
double the shale oil reserves it owned at the end of 
1986. 

"We have no Immediate plans to develop these Utah 
reserves in light of current world oil market condi-
tions," Moore said. "Having 100 percent ownership, 
however, gives us greater flexibility to determine our 
future in the shale oil business." 

The uranium holdings at the North Butte and 
Greasewood Creek properties in Campbell County, 
Wyoming, have been acquired by Uranerz USA. Cliffs 
had been involved in uranium exploration for 20 years, 
but considering current market conditions, uranium 
does not fit well with the company's overall diver-
sification objective, according to Moore. "These steps 
reflect our program of selling non-strategic assets and 
critically	 evaluating	 operating	 asset	 returns.

UNOCAL HIGHLIGHTS OIL SHALE PROGRESS 

Its 1986 Annual Report states that last year, Unocal 
made significant progress in its long-term effort to 
develop the nations' first commercial oil shale mining 
and retorting facility. Last summer the company 
solved certain problems with the shaft cooler that had 
hampered operations. 

In December, the project began shipping highuality 
synthetic crude oil by truck to Lisbon, Utah--whore it 
Is sent by pipeline to Unocal's Chicago refinery. 
During the last two weeks in April, the plant 
produced more than 4,000 barrels of syncrude per day, 
for a total of nearly 45,000 barrels during this period. 
To that date, the facility has produced more than 
200,000 barrels of syncrude. 

The company intends to continue its efforts to per-
feet the technology needed to develop America's vast 
shale oil reserves. linocal's fee lands alone contain 
more than three billion barrels of potential synthetic 
crude oil.

4141 # 4 

SHELL OIL COMPANY PURCHASES ERTL AND 
PACIFIC OIL SHALE BLOCKS 

Shell Oil Company, after pulling out of the C-b jaint 
venture In 1978, has been the only major oil company 
without a significant oil shale hind position. They 
were the only company to express serious interest in 
an additional prototype lease. They spent con-
siderable effort in attempting a land exchange with 
the Bureau of Land Management to block up their 
scattered small holdings. 

Shell's position has now been changed dramatically. 
In June 1987, Shell agreed to purchase 17,270 acres 
of the recently patented block of properties controlled 
by the Tell Ertl Family Trust for $37,000,000 plus a 
royalty of 0.75 percent. (Sec a related article con-
cerning the Ertl Trust elsewhere in this issue). 

Shell had previously owned an option to purchase 
these unpatented claims from Ertl over 20 years ago, 
but never exercised the option before it expired. The 
properties were later optioned to Phillips Petroleum 
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Company, who bore a major share of the expense of 
the claims litigation, but eventually abandoned the op-
tion. 

At approximately the same time, Shell also purchased 
the 12,600 acres comprising the Pacific Properties 
from Cleveland-Cliffs, Standard Oil (Sohio) and Mobil. 
(See related article concerning Cleveland-Cliffs else-
where in this issue). The price paid for the Pacific 
block was not announced, but Cleveland-Cliffs 
reported receiving $4.1 million for its 20 percent 
share plus certain uranium properties. Thus the value 
of the Pacific transaction lies somewhere between 
zero and $20.5 million dollars, considerably less than 
was paid for the Ertl block. 

Shell representatives were quoted as saying the com-
pany bought the lands because "we've been involved in 
the oil shale business since the 1950's, but our 
resource base is quite modest. We wanted to expand 
our resource base.' 

The company states that it has no immediate plans 
for oil shale development. 

MAGIC CIRCLE MOTHBALLS OIL SHALE 

Magic Circle Energy Corporation's Annual Report 
notes that in 1986 the price of crude oil dropped to 
levels not seen since 1978. At $18 per barrel of oil, 
the Company's Cottonwood Wash project is currently 
unattractive for sale to outside investors. Magic 
Circle has always considered oil shale to be a long 
term investment and intends to maintain Its oil shale 
leases in the Cottonwood Wash Project into the 
foreseeable future at an annual cost of $20,000 per 
year. 

The United States Synthetic Fuels Corporation, was 
established by Congress in 1980 to support the 
development of a synthetic fuels industry. Magic 
Circle points out that Congress has now decided to 
ignore the future. Therefore, the Cottonwood Wash 
project will have to be mothballed to await the next 
energy crisis. The Company released several oil shale 
leases in 1984 and maintained rentals on the Cotton-
wood Wash property and the prime oil shale lands 
outside the Cottonwood Wash project totaling 
45,849 acres. The Company added 3,885 acres to the 
Cottonwood Wash block through an exchange of lands 
between the State of Utah and the United States in 
1985. In 1987, the Company intends to drop ap-
proximately 35,000 acres, but expects to retain the 
approximately 10,000 acres comprising the Cottonwood 
Wash Project.

SN' AND CPM DISCUSS OIL SHALE STATUS 

In their Annual Reports, Southern Pacific Petroleum 
and Central Pacific Minerals discuss a range of ongo-
ing activities. 

In the latter half of the year the companies com-
menced open-cut mining of the rich Kerosene Creek 
formation of the Stuart deposit, 15 kilometers north 
of Gladstone. This embody, with about 110 million 
barrels of recoverable oil, is the richest and best lo-
cated oil shale deposit in Australia. As such, it Is 
ideal for the first demonstration/commercial oil shale 
plant. 

A 2,000 ton sample of Stuart-Kerosene Creek shale 
was shipped to Canada for testing in the Taciuk 
process, the development of which Is being funded by 
the Alberta Oil Sands Technology and Research 
Authority, for use in the oil sand Industry. Prelimi-
nary small-scale tests of Stuart Kerosene Creek shale 
indicate that the process will be very effective on 
these shales. Of particular importance is that a 
Taciuk commercial-scale retort may be significantly 
cheaper to construct and operate than other retorts 
investigated over the past ten years.	 The Alberta
tests are scheduled to be completed this year. 

The companies note that in Japan, the Japan Oil 
Shale Engineering Company (JOSECO) continued con-
struction of the oil shale retort testing facility at 
Kita-Kushu, Japan. The construction and testing 
program will cost some 10 billion Yen and will bring 
the total investment in oil shale research and 
development In which the companies' Queensland 
shales are involved to over $250 million. Repre-
sentatives of SPP and CPM attended the formal open-
ing of the plant on March 3, 1987. The first shale to 
be tested will be 20,000 tons from the Condor 
deposit. Results from the program will be available 
next year. 

Esso has completed a testing program at their five 
ton per day fluidized-bed oil shale retort in Baytown, 
Texas and has stated that the technology, developed 
over the last four or five years, is available. Studies 
in oil shale upgrading technology are continuing. 

SPP/CPM have been engaged for their own account on 
research with the CSIRO and several universities In 
areas including fluidized-bed oil shale retorting, oil 
shale kinetics and the potential application of 
biotechnology. 

During 1987 the companies are monitoring the testing 
of the Canadian retort process and the activities in 
Japan. Favorable results could lead to the introduc-
tion of a demonstration plant at Stuart. This is the 
forerunner to a large scale commercial plant. 

The Chairman's Report states that the cost of oil 
from shale is not a simple answer such as: 
US$25/barrel". It depends on a number of factors. 
Having spent ten years working on this subject with a 
wide range of companies and a comparable range of 
deposits, SPP/CPM believes they have a reasonably 
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good understanding of the economies. The most im-
portant factors are: 

- The nature of the deposit. It must be mine-
able by open-cut methods to be economic at 
current price levels. 

— Size of the deposit. Optimal economics are 
generally achieved around the 100,000 to 
150,000 barrel per day level. 

- Location of deposit. It is very important to 
have low cost access to infrastructure and 
supplies such as power and water. 

Grade of deposit. 

Quality of crude shale oil produced. 

- Cost of capital. This is nor.nally the largest 
part of the cost of producing oil from shale. 
It can vary widely depending on the source of 
capital and the method of financing. The 
cost of capital has declined substantially with 
the reduction in worldwide interest rates and 
higher price earnings ratios of equity capital. 

- Overhead costs. 	 Some groups have substan-
tially more expensive management costs, 
which they feel should be charged to the 
project. 

— New technology and design improvements. 
There are several tinder investigation which 
are still in the confidential category. 

In summary, tinder favorable combinations of the 
above factors, SPrIG PM states that the cost of 
producing oil from shale could be significantly lower 
than US$25 per barrel. 

As oil shale plants, particularly retorts, can be built 
in modular form, the obvious immediate need is to 
build one or two demonstration plants. The most im-
portant step in achieving this will be positive govern-
meat action; in other words, government policy, in 
the Corn, of taxation incentives and market support. 

OPEC and the United States 

Future increases in the world price of oil will depend 
significantly on the decline and tall of the United 
States oil industry. SPP/CPM state that this is now 
well underway. 

The United States 1.5 the most important country in 
the oil industry.	 It is the worlds largest oil con-
sume r,	 largest oil importer,	 largest free world 
producer and user of capital. Its oil producing in-
dustry which is in a declining "old age" phase is thus 
highly susceptIble to adverse oil price movements. 
This has been clearly Illustrated over the last 
12 months with crude oil and natural gas liquid 
production declining by about one million barrels per 
day and drilling rig utilization falling down to 
20 percent of the peak utilization in 1981/82. On the 
other	 side	 oil	 consumption	 is	 up	 by	 over

300,000 barrels per day and imports are running at 
more than 6,000,000 barrels per day. in other words 
imports are back up to the level prevailing In 1973 
just before the first major real oil price increase. 

SPP/CPM believe that a major objective of OPEC is 
to rapidly hasten the decline of the United States oil 
Industry, and those in Canada, the North Sea and 
Australia. When this is achieved OPEC will again ob-
tain firm control of the world oil market. Oil In-
dustry statistics, in Figures 1, 2, and 3 highlight im-
portant trends.

FIGURE 1 
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FIGURE 3 
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Three years of this highly regressive economic en-
viron neat will see the United States oil production 
industry and those of Canada, the North Sea and 
Australia in the emaciated state that would provide 
the basis for long tern control of oil prices by 
ii I' 0 C. 

flsso/BH P have published a projection of fut,re 
A ustralian oil production from Rose Strait that is 
lower than jlraviotls estimates. Projecting these as-
tinatas to the year 2000 suggests that Australia 
would need to import 1,700 million barrels of oil by 
2000. 

At current prices, such imports would cost Australia 
about $14 billion, however, if the price of oil is 
moved up again by OPEC to the prior average of 
US$23/barrel, the cost to Australia will be in the or-
der of $70 billion. kustralia now has an overseas 
foreign debt of around $00 billion and is running a 
balance of payments deficit of $14 billion per year. 
There is no known way it can afford to buy this 
amount of foreign oil. 

In sit m nary, s pp /c PM state that Australia must look 
to its best oil shale deposits in the near future. 

Oil Shale 

Figure 4 scts alit details of the eight deposits corn-
prLsing the Queensland tertiary shale oil resources and 
t,e SP P/C PM interest In each deposit. Their loca-
tions are shown in Figure 5. 

Stuart 011 Shale Deposit 

The Companies continued to pursue developrneitt of 
the rich :ierosene Creek rnenlbur in the Stuart 
Deposit and to evaluate suitable retorting tech-
nologies.

FIGURE 5 
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Early in the year, 400 kilograms of Kerosene Creek 
oil shale was shipped to Calgary, Alberta for bench 
testing of the Taciuk process. The objective of this 
preliminary testing work was to evaluate the process 
and determine whether a pilot plant program should 
be undertaken in 1987 on the existing five ton per 
hour plant located in Calgary. 

The bench scale results, together with engineering 
evaluation Indicated that the Tactuk process should be 
a very effective retort for Stuart shale as well as 
being significantly more economic than other retorting 
systems evaluated. 

A bulk sample of Kerosene Creek shale was extracted 
from a box cut nine. The box cut involved the 
removal of some 50,000 tons of overburden and the 
extraction of 3,800 tons of oil shale. The completed 
excavation was about 20 meters deep. 

The oil shale sample was crushed, dried and loaded 
into one ton bags for shipment to Calgary. 

Condor Oil Shale Project 

The Japan Oil Shale Engineering Company 300 ton per 
day oil shale testing facility was commissioned early 
in 1987 and the first full test using Condor shale was 
expected to commence during April 1987. 

The testing program will be completed during 1987 
and evaluation of results is expected during 1980. 

Rundle Oil Shale Project 

During the year Esso Exploration and Production 
Australia Inc., (Esso) as operator of the Rundle 
Project, completed a new series of trials In the Exxon 
Shale Retort pilot plant at Baytown, Texas. Kerosene 
Creek shale from the 1,000 ton bulk sample shipped 
in 1985 was used. Data from the trials is now being 
evaluated in the United States for inclusion in an up-
date of the previous Randle Commercialization Study. 

In Australia, work continued in several areas, par- 
ticularly investigations in support of the solid waste 
disposal program. Lysimeters installed on the Rundle 
site are continuing to provide valuable data on mois-
ture .novetaents in overburden and waste shale. Re-
search ;ork on shale mineral reactions which occur 
during processing also progressed during the year. 

Procedures for renewal of title over the Rundle lease 
were completed and Esso made a further payment of 
$12.5 million to S PP/C P 

Yaamba Oil Shale Deposit 

During the year, further work was carried out on the 
evaluation of the Yaamba Project's oil shale resource. 
The manager of the joint Venture is Peabody 
Australia Ltd. 

Enviro,nnental monitoring in the Yaamba Basin area 
was continued. The objective of the monitoring is to 
provide baseline environmental data to be incorporated 
in project development plans.

A number of studies of the processing characteristics 
of Yaemba oil shale were conducted and engineering 
studies were re-examined with a view to reducing the 
cost of a commercial oil shale development at 
Y aa mba. 

Two cored holes (427 meters) were drilled Into the 
Herbert Creek Basin to test possible southerly exten-
sions of the all shale resource. Assay results and 
evaluation were not available at the time of report-
ing. 

Nagoorin Oil Shale Deposit 
Nagoorin South Oil Shale Deposit 
Lowmead Oil Shale Deposit 
Duartnga Oil Shale Deposit 

The first year of a two year processing research 
project "Comparative Reactor Type Studies for 
Australian Oil Shales" incorporating oil shales from 
these four deposits was successfully completed. The 
experimental component of this project has been sub-
contracted to the CSIRO Division of Energy 
Chemistry. 

This program builds on data generated in an earlier 
project, adapts it to new reactor type experimental 
data	 and facilitates	 technical and optimization 
analysis of the drying,	 retorting and combustion 
processes.	 The results obtained during 1906 are not 
scheduled for assessment until the second half of 
1987. The research program Is partly funded by a 
grant from the National Energy Research, Develop-
ment and Demonstration Program. 

Characterization studies on the mineral organic con-
stituents of these oil shales continued to supple fleet 
the deposit databases. This data .vas combined with 
information on oil produced from retorting the shales 
to develop chemical equations describing oil produc-
tion. 

Overseas Oil Shale Deposits 
Luxembourg Oil Shale Deposit 
Means Oil Shale Deposit, United States of America 
Monteey Oil Shale Deposit, France 
Springs Oil Shale Deposit, Germany 

The Companies' tenements in the above deposits are 
presently being maintained on a care and maintenance 
basis. 

Research 

The Companies racognie that large scale shale oil 
production requires advanced technology and a sound 
understanding of the processing characteristics of 
shale.	 To this end a major and continuing commit-
ment to research has been made. Application of 
recent research results continues to reduce the es-
timated capital costs of oil shale plants. 

This research has often been initiated in partnership 
with established research groups (e.g. CSIRO), recog-
nizing the expertise and skills within these organiza-
tions. 
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The pace of research effort was maintained during 
1986. The results from a major comparative process-
ing project, completed experimentalLy at the end of 
1985, were reported, assessed and are being incor-
porated into major studies with retort process 
developers. The results generally indicated that shale 
oil can be produced from oil shale in shorter 
residence times than were previously incorporated In 
process plant designs. This can result in smaller (and 
lower capital cost) plants for the same production 
rates. 

The first year of a two year experimental program 
(on comparative reactor studies) at the CSLRO Divi-
sion of Energy Chemistry was completed. This 
program incorporates data and techniques developed in 
an earlier program and, on completion, will contribute 
substantially to improvements in project economics by 
Cacilitating technical and cost optimization of drying, 
retorting, and combustion processes.

The current phase of the new retort research program 
at the School of Chemical Engineering (University of 
Queensland) has been successfully completed. The 
next steps involve integration of the data produced 
with results from GSIRO reactor studies to be 
produced in 1987 and 1988. 

The collaborative catalyst development program for 
upgrading crude shale oil to syncrude continues with 
the CSIRO Division of Materials Science. This 
program is in a very high risk area and its con-
tinuance to date is a good indication of the quality of 
effort. 

The collaborative projects with CSIRO divisions are 
also supported by grants from the National Energy 
Research, Development and Demonstration Program. 

44 ft ft 
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GOVERNMENT 

DOE LISTS RATIONALE FOR WATER-JET-ASSIST 
MINING PROGRAM 

As anticipated (Pace Synthetic Fuels Report, June, 
1987, page 2-6)9 the United States Department of 
Energy issued On Juno 21 a Solicitation of Coopera-
tive Agreement Proposals (SCAP) for water-jet-
assisted mechanized oil shale mining technology 
development. 

In presenting the background and rationale for the 
project, the SCAr notes that the Department of 
Energy's (DOE), Office of Oil, Gas, and Shale Tech-
nology wind Advanced Technology Division supports 
long-term high risk oil shale research and develop-
ment. The goal of this research and development ef-
fort is to provide a sound technological basis for 
reduction of economic and environmental constraints 
to industrial development of the United States oil 
shale resource and to increase the amount of resource 
that may be rcov3red. As part of this overall ef-
fort, the DOE-ID Grand Junction Projects Office plans 
to support research and development to enhance the 
productivity,	 economics, and safety of oil shale
resource extraction (mining). 

Most oil shale mining operations have been planned 
with blasting as the primary rock removal mechanism. 
Blasting of oil shale is certainly feasible, but it does 
present some potential problems. The load-carrying 
capacity of oil shale pilliam excavated by conventional 
blasting techniques is much less than that obtained 
when mechanical mining is used. M echanical mining 
can result in a significant increase in resource 
recovery due to the reductions in required pillar size 
anti pota.tial increases in span dimensions resulting in 
a continual savings in operating costs. Blasting 
results in major instantaneous releases of blasting 
gases and dust, and in gassy formations, large releases 
of methane are possible. 

;Jechauical excavation of oil shale would offer some 
major safety, health, and productivity advantages over 
blasting. Uov,evcr, the physical characteristics of oil 
shale make it difficult to cut in this manner. Cut-
ting tests with a roadheader in an oil shale mine in 
Western Colorado showed that the oil shale could be 
cut mechanically, but that cutting was difficult, pick 
wear was high, and dust generation was a problem. 
The addition of water-jet-assist to mechanical cutting 
nac'iines could make operation in oil shale nines 
more cost effective as machine productivity and cut-
ter life are expected to be improved. 

Water-jet-assist cutting uses a mechanical cutting tool 
in combination with a high pressure water-jet directed 
just in front of tile tool. Recent laboratory and un-
derground studies of water-jet-assist cutting in coal 
indicate that the addition of the water-jet to the cut-
ting tool can significantly reduce noise, rcspirabie 
dust, and cutting tool 'veer, increase product size, 
reduce the probability of frictional sparking, and irn-
prove cutting in harder natertais.	 MI of these

potential benefits could be used to an advantage in 
the mining of oil shale, but research is needed to as-
certain the extent to which they are applicable in oil 
shale and any associated problems with their use. 

The DOE Grand Junction Projects Office will consider 
for support, proposals to enter into a Cooperative 
Agreement to evaluate the technical and economical 
feasibility of water-jet-assist mechanical cutting of oil 
shale tinder actual underground mining conditions and 
to establish the technological basis necessary for sub-
sequent private sector development and commer-
cialization of water-jet-assist mechanized mining 
equipment. 

DOE anticipates $750,000 in the fiscal year 1987 
budget for this solicitation and anticipates cost-
sharing of at least 25 percent on the part of the Par-
ticipant. 

Project Description 

DOE's objectives are to: 

Provide a technological basis through evalua-
tion of water-jet-assist enhancing oil shale ex-
traction on a sufficient scale and in an actual 
underground mine environment to enable 
realistic testing to identify environmental and 
economic constraints to commercialization 

To obtain the data sets requisite to develop-
ment of a production macline specifically 
designed for operation in oil shale mining 
operations for dissemination to the private 
sector 

The selected participant will be expected to: 

Design a water-jet-assist cutting systern to be 
retrofitted to an existing mechanical cutting 
machine for use in oil shale 

- Modify an existing water-jet-assist cutting 
machine 

- Collect data from actual cutting tests at 
an underground oil shale mine, approved by 
DOE 

The participant will maintain ownership of all equip-
ment supplied by the participant and will obtain 
ownership of all equipment purchased under the 
Cooperative Agreement when the research is success-
fully completed. The participant will provide the 
data collected tinder this research project to DOE, 
and the data and information gathered will he made 
public by DOE.

#4 fr 4 
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GAO RECOMMENDED AGAINST SUPPORT FOR 
UNISHALE C 

The United States General Accounting Office (GAO), 
In a June 1007 report to the Subcommittee on Over-
sight and Investigations, Committee on Energy and 
Commerce, United States house of Representatives, 
recommended that the Secretary of the Treasury re-
scind the additional 3500 million in assistance which 
had been granted to Unocal Corporation for the in-
stallation of a fluidized bed combustor (Unishale C 
process) at the Parachute Creek project. 

The major reason for this recommendation is the 
much lower outlook for all prices which forecasters 
have adopted since late 1985, when the now-defunct 
United States Synthetic Fuels Corporation (SF0) 
agreed to provide Unocal with the support. 

Under the agreement, the guaranteed price for the 
operating with Unishnlc  technology was to 

be the sum of tile guaranteed price for operating with 
Unishale 3 technology--about $17 per barrel when the 
agree meat was signed--and a supple meat of $30 per 
barrel. The hase guarantee price and supplemental 
were each scheduled to be adjusted for Inflation by 
the Producer Price Index (PPI), excluding food. 

According to a first quarter 1906 SF0 analysis, when 
the project achieved peak production in 1031, the 
guaranteed price with the supplement was projected 
to he an inflation-adjusted $101 per barrel. SFC 
projected that the prevailing uiar.xet price at that 
time to be about $40 per barrel. Figure 1 shows a 
comparison of S F C's projected guarantee prices for 
production with each technology and its estimated 
narcet prices. 

The prices shown hi Figure 1 are nuch different than 
was originally anticipated by Union for the project. 
The guaranteed price was originally set at a level 
slightly lower than market prices existing in 1303; or, 
the basis of price projections at the time, Uni.,n ex-
pected to profit from the project without ever col-
lecting price guarantee assistance from the govera-
ment. Figure 2 shows Union's September 1980 market 
price projections thratigii the revised price guarantee 
eligibility period. 

In October 1305, the SF ` prepared after-tax cash-
Cie.., projections for the project operating with each 
technology under the amended agreement terms. SF0 
projected that without the IJ.ilshale C technology, the 
project's after-tax cash flows would generally be posi-
tive before the $100 million in price guarantee sup-
ports are exhausted, which it projected to occur in 
1995, but would be predominantly negative afterwards. 
On the basis of these projections, SF" concluded that, 
without Unishale C, Union would abandon the project 
in 1095. SFU projected that with Unishale C tech-
nology, the project would have positive after-tax cash 
flows and be viable throughout the project's useful 
economic life after the 8900 million in price supports 
is exhausted in 1995.

FIGURE 1 

SFC'S FIRST QUARTER 1986 
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PRICE PROJECTIONS 
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In September 1986,	 Union revised its economic
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assessment of the project. On the basis of this 
analysis, Union told Treasury officials that if the ex-
isting plant can produce more than 5,000 barrels a 
day, which it considered likely, the economic attrac-
tiveness of adding the combustor is reduced. Union 
also stated that because of projected negative cash 
flows if it adds the combustor, it may cease opera-
tions In 1995 after the $900 million in price 
guarantee supports is exhausted, unless future oil 
prices rise significantly above current forecasts. 

Tax credits are available to producers of fuels from 
nonconventional sources and are influential In deter-
mining a synthetic fuels project's economic viability. 
Union is eligible to receive such credits for produc-
tion from the Parachute Creek project. If the credits 
are abolished before 1994, the project's total after-tax 
cash flow between 1994 and 2005, operating with 
Unishale C technology, could be reduced by between 
$90 million and $134 million, depending on which 
price and inflation assumptions are used. 

GAO's Cash Flow Projections 

The GAO examined the sensitivity of SFC's projec-
tions to future crude oil price assumptions by sub-
stituting alternative price forecasts. They substituted 
crude oil price and inflation projections developed by 
Chase Econometrics, Inc., and Wharton Econometric 
Forecasting Associates, Inc. for the first quarter of 
1986 in SFC's revised first quarter 1986 median-case 
analysis. 

Figure 3 shows the results from substituting Chase 
and Wharton price and inflation forecasts Into SFC's 
model and also shows SFC's projections for the period 
1995 through 2005. After-tax cash flows were sig-
nificantly lower as a result of the substitutions. 
Table 1 compares the after-tax cash flows for the 
period after price supports are exhausted. 

The SFC's first quarter 1986 projection for the 
modified project Indicated that after price guarantees 
run out, the project would generate about $56 million 
more in total after-tax cash flow through 2005 than 
It would for the same period in its October 1985 
projection. This increase occurred because dispropor-
tional declines in operating expenses resulting from 
the downward Inflation projections more than offset 
projected revenue losses. 

September 1986 Financial Projections 

In a September 1986 update of its financial projec-
tions for the project operated with Unishale C, Union 
revised its forecast of the project's crude oil market 
price downward by about 71 percent. Encouraged by 
results of plant tests from July to September 1986, it 
also assumed that the sustained plant output would 
reach 10,000 barrels a day for 300 days a year in 
1991 and that the project would operate at 
5,000 barrels a day with Unishale B technology until 
the Unishale C modification is made. 

Effect of Tax Credits 

GAO attempted to determine the impact that elimina-

FGURE 3 

COMPARISON OF GAO'S AFTER TAX
CASH-FLOW CALCULATIONS WITH 

SEC'S 1986 PROJECTIONS 
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tion of production tax credits in the future 'vojid 
have on the project. 

Production tax credits are credits allowed for fuela 
production from nonconventional sources; A tax credit 
of $3 per 5.8 million BTU of energy (the approximate 
energy content of a barrel of crude oil) is provided 
for the domestic production and sale of qualified 
fuels. The Parachute Creek project qualifies to 
receive such credits from shale oil produced and sold 
before January 1, 2001, from facilities placed in serv-
ice before January 1, 1990. 

According to SFC's first quarter 1986 median-ease 
projection, Union would receive production tax credits 
from 1994 through 2000 if they remain available. If 
the credits are eliminated before 1994, total after-tax 
cash flows from 1094 through 2000 would be reduced 
by between $90 million and $134 million. 

GAO also computed the potential net assistance from 
the government on the basis of JFC's first quarter 
1986 projections. They computed the assistance by 
combining projected federal tax proceeds with 
projected federal price guarantee outlays. Federal 
tax proceeds are the combination of project-related 
corporate income tax payments and tax benefits. Tax 
benefits include the effects of investment, energy, 
and nonconventional fuels production tax credits, 
depreciation, and oil depletion allowances. Ilnio,i can 
use tax credits to reduce tax liabilities accruing from 
project income or from income earned in other cor-
porate business. 
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TABLE 1 

SUAIIARY OF GAO' S AflER-TAX CASH-FILlY CALCULATIONS
AND Sm's FIRST QUARTER 1986 PIU)JWTIG4S 

FOR UNI SHALE C OPERATIONS 

Yearly after-tax cash 	 Total after-tax cash 
Calculation/projection	 Flows, 1995-2005	 Flow, 1995-2005 

GAO's with Chase oil price 
and inflation forecasts 

GAO's with Wharton oil 
price and inflation 
forecasts 

GAO's with Chase oil price 
forecast only 

GAO's with Wharton oil 
forecast only 

SEC's with SEC oil price 
and inflation assumptions

Negative each year	 Negative $286 million 

Negative each year	 Negative $127 million 

Negative each year	 Negative $513 million 

Negative each year	 Negative $376 million 

Positive each year	 Positive $327 million 

Union received energy and investment tax credits of 
055 million and $63 million, respectively, between 
1931 and 1986. Investment tax credits were repealed 
by the Tax Reform Act of 1986 for facilities placed 
in service after December 31, 1935. The SEC 
projected that if Union operated the project with 
'Jnishnle C technology, it would receive production 
tax credits of $31 million through 1995, when price 
supports are exhausted, and $134 million through the 
end of the project's useful life (2010). SEC also 
projected that if Union operates with Unishale B 
technology, it would receive $40 million In production 
tax credits through 1905, when price supports are ex-
hausted, and $113 million through the end of the 
project's useful life (2012). 

According to the GAO's convoluted reasoning, Union 
could receive about $064 million in depreciation tax 
benefits and $1.1 billion in oil depletion allowances if 
it operates the project with Unishale C technology for 
it.s useful life, resulting in tax savings of about 
750 million. Union received about $144 million In 

net tax benefits bet Neon 1981 and 1966 for project 
construction. 

Table 2 shows the net financial assistanci- that Union 
could have received at two points In time -- at the 
end of the project's useful life, if it were operated 
until then, and when price guarantee supports are 
projected to run out. 

GAO Conclusions 

The GAO exercise simply showed that the project's 
economic outlook depends heavily on what assumptions 
about future oil prices are considered. The SFC's as-
sumptions about future crude oil prices were more op-
timistic than price forecasts by Union, Chase 
Econometrics, and Wharton Econometric Forecasting 
Associates.	 however, there obviously is no way to

conclude which forecasts will turn out to be more ac-
curate. The projects actual economic viability will 
be determined in the future largely by the prices that 
prevail after price supports are exhausted. 

CAt) also noted that the analysis assumed that tile 
fluidized bed combustor installation would be ac-
complished without major technical problems or 
schedule delays. however, technical problems and 
delays are likely to occur. If such problems did oc-
cur, construction and start-up cost overruns would 
also be likely, and the project's cash flows would be 
decreased. 

The Parachute Creek shale oil project has experienced 
serious operational problems, but Union has made 
some progress in solving these problems. GAO notes 
that should Union succeed in operating the plant with 
the improved Unishale B technology at reasonable 
production rates, then the need for tile Unishale C 
technology is questionable. 

On the basis of GAO's cash-flow calculations, the 
project's economic viability with, Unishale C technol-
ogy would have been uncertain and Union would prob-
ably abandon the project in 1994 after the 
$900 million in price support payments is exhausted. 

Because of these factors, the GAO concluded it would 
not be in the government's best interest to expend an 
additional $500 million in assistance to install the 
Unishale C technology. They suggested that the 
Secretary of the Treasury should rescind the addi-
tional $500 million in assistance if the terms of the 
agreement were not net completely and should ex-
plore the government's options for minitniziceng addi-
tional outlays on the project. 
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TABLE 2 

NET FEDERAL ASSISTANCE FOR 
THE UN! SHALE C TECHNOLOGY 

Dollars in Millions 
Assistance 
As of the Assistance 
End of the As of 
Project's When Price 
Useful Supports 

Life	 (2019) End (1995)

Incom Tax Payimants	 $660	 $87 
Tax Benefits	 (816)	 (693) 
Net Tax Proceeds	 (156)	 (606) 
Price Guarantee Payn-ents	 (900)	 (900) 
Total Net Assistance 	 $(1,056)	 ($1,506) 

# It U It 
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ENERGY POLICY AND FORECASTS 

AUSTRALIA SHALE OUTLOOK SHOULD BE 
POSITIVE, BUT—

At the 20th Annual Oil Shale Symposium, A. Hutton, 
of the University of Wollongong, New South Wales, 
summed up the history, current status, and future out- 
look for the oil shale industry in Australia. lie first 
presented a comprehensive and thorough history of the 
many early oil shale developments in Australia. He 
then noted that between 1968 (when the CSR 
Authority to Prospect for oil shale was issued and 
heralded in the modern oil shale era) and 1987, a 
trend, common to two earlier oil shale eras, became 
evident. This trend usually evolved from a 
"discovery" stage, followed by a period of dramatic 
and feverish activity. Then begins a period of con-
solidation during which attempts are made to solve 
technical problems. The final stage of the scenario is 
one of declining interest. 

State 1 - Discovery. Stage 1 of the modern oil 
shale era commenced with the awakening of interest 
in oil shales, firstly by CSR and then SPP/C Pit. The 
interest of both companies was closely allied to the 
increase in the price of crude oil during the 1370's. 

Stage 2 - Consolidation.	 This period is marked by 
two associated features. Firstly both CSR and 
SP?/(;PM intensified their interests In oil shale and 
secondly other companies, including most of the larger 
oil companies, became interested in oil shale. 

The period 1976 to 1984 was also niared by an in-
crease in the number, and the degree of detail, of 
technological studies which were primarily aimed at 
characterizing the oil shales in each deposit and as-
sessing beneficiation and retort technologies. The in-
creased activity witnessed large increases in explora-
tion costs. 

During the expansion years of 1978 to 1984 most of 
the funding came from exploration companies. CSR 
had spent A$15 -million on the Julia Creek project by 
1984 and SPP/CPM had spent A$11.4 (A$3.9 million 
on the Rundle project) by the cad of 1985. 

The expansion of interests in oil shale also included 
overseas ventures. SPP/CPM funded significant drill-
ing programs in the United States of America (Means 
Project, Kentucky) and Europe (France, (Montcey), 
Germany (Springe), Luxembourg and Spain). 

Stage 3 - Decline. Since 1984 interest in oil shales 
has declined with many companies forfeiting 
Authorities to Prospect and other companies, while 
retaining interest, have either undertaken less work 
(on much smaller budgets) or placed projects on hold. 
Consequently, just as interest in American oil shale 
development has declined dramatically, so has activity 
in Australia.

Research Activities 

Research activities into oil shale in Australia in-
creased dramatically during the period 1978 to 1984. 
Companies allocated a significant proportion of their 
budgets to research. Academic and semi-government 
institutions participated in projects which had 
relevance to a developing oil shale industry. Col-
laboration between academic/semi-government bodies 
and industry was encouraged with industry funding 
some of the collaborative projects. Budgetary con-
straints have now restricted the volume of work being 
carried out and the industry has adopted a wait and 
see philosophy.	 The funding was not, in the main, 
from industry.	 Much of the effort centered on oil 
shale and oil shale characterization. CSIRO and 
universities (such as Wollongong) were particularly ac-
tive. 

As activity in oil shale increased, the National Energy 
Research, Development and Demonstration Program 
(NERDOP) became a major source of research funds. 

Status 

Australia has approximately 13 percent of the pub-
lished oil shale resources of the world. These 
resources comprise an extremely large Cretaceous 
deposit, nine Tertiary deposits and a small but ex-
tremely high grade, Permian deposit. The geology of 
the deposits is sufficiently well known that, for all 
but the Permian deposit, preliminary mine plans have 
been formulated and mining methods selected. Con-
siderable resources and manpower have been spent on 
oil shale characterization, retorting processes, 
beneficiation, shale oil upgrading and environmental 
studies. 

As Australia passes through the latter half of the 
1900's, the oil shale industry is at a watershed. Ex-
ploration activity has declined, support for basic re-
search has dwindled and general interest has 
diminished. Most indications are that this decline will 
continue in the short term. The direction the oil 
shale industry will take in the next few years depends 
greatly on international and domestic crude oil prices 
and policies as well as government policies. 

Cnjcje Oil Policies 

The modern oil shale industry has been influenced by 
international crude oil supplies and the price of crude 
oil. The birth of the industry was a direct result of 
international crude oil prices and there is little doubt 
that future directions will he closely related to the 
same factors. 

Lower oil prices may remain for some time. Lower 
prices, says Hutton, must inevitably reduce future oil 
production in Western countries (Through decreased 
exploration) but on the other hand, increase consump-
tion (through lower prices). Western countries, includ-
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Ing Australia, are the biggest consumers of crude oil 
and produce significantly less than they consume. 
The United States and Australia are both headed for 
a crisis in domestic production in the mid to late 
1990's unless these trends are halted. 

Given the world crude oil situation, the prospects for 
the development of oil shale are a little ambiguous. 
On the one hand demand is expected to increase and 
supply, to decrease —prospects which should encourage 
an oil shale industry. On the other hand, low prices 
could continue with only minor increases until the 
US$60-70 per barrel mark is reached well into next 
century - prospects which would discourage oil shale 
development. 

A isstrallan Policies 

Although the world scene will have some bearing on 
the oil shale industry, it is the situation with regard 
to Australian crude oil supply and demand that will 
have the most significant impact on the oil shale in-
dustry. With regard to self-sufficiency in crude oil, 
Australia faces the same problems as other members 
of the Western World. The Australian government 
expects crude oil production to decline markedly 
within ten years, from about 95 percent crude self-
sufficiency to about 42 percent sell-sufficiency by 
1993-94. 

Since the rapid fall in the price of crude oil, the 
Australian oil industry has been in state of difficulty. 
In particular, exploration has been reduced con-
siderably. Prospects of maintaining Australia's present 
rate of self-sufficiency are not very bright and at 
current prices, it will cost Australia A$3.6 billion a 
year to fund the gap between domestic supply and 
demand in the mid 1990's. 

Prospects for increased exploration in the near future 
are probably going to stay much as they are now, 
even though the federal government is prepared to 
cut the amount of excise on old oil and to review the 
taxing policy. Just as the international scene is 
somewhat ambiguous towards the shale oil industry so 
also in the Australian scene. The present rates of 
exploration indicate that Australia is unlikely to find 
sufficient oil within the near future to overcome the 
shortfall between consumption and supply, yet the im-
port parity pricing scheme keeps crude prices low and 
this is a disincentive for development of a commer-
cial shale oil industry. 

Government Policies 

"Unknown cards" are what Hutton calls positions of 
the Queensland state government and Australian 
government. Neither has made a significant oil shale 
policy statement and at best both can be described as 
hardly having acknowledged that oil shale exists. 
Given existing energy policies, it is suggested that 
state government royalties are likely to be relatively 
high and the Australian government would most likely 
impose excise taxes as it does for crude oil. Both 
actions are a disincentive to the development of an 
oil shale industry.

The Queensland state government could be expected 
to impose prescribed environmental controls, influence 
marketing policies and could perhaps provide subsidies 
(through such things as reduced electricity charges 
and transport cost reductions) whereas the Australian 
government could be expected to closely influence ex-
port policies or could provide Incentives through taxa-
tion reductions. 

Costs of Oil 

Australia's performance in discovering additional 
reserves, apart from the Gippsland Basin, has not 
been good. Whereas in the Gippsiand Basin 
A$915 million was spent to find 1,5 billion barrels (at 
a cost of 59 cents per barrel) A$5.3 billion was spent 
elsewhere in Australia to find 330 million barrels at a 
cost of A$16 per barrel, if both exploration and 
development costs are taken into consideration, oil 
shale fares well against petroleum. 

Another factor to be taken into consideration is the 
success rate of oil discovery. Over the past 
15 years, an average of 85 million barrels of oil has 
been discovered each year. 	 This is only about
40 percent of the annual requirement. 

Lead-In Times 

One argument frequently used against development of 
a commercial retort is the time required to bring a 
plant on stream. Hutton quotes the following break-
down in the establishment of a commercial scale 
plant: 

1. Initial Commercial Module (6 years) 

- 1.5 years engineering and environmental 
study 

- Three years construction and start up 

- 1.5 years operating experience 

2. Initial Multi-Module Plant (5 years) 

- One year engineering and environmental 
study 

- Four years construction 

3. Additional Multi-Module Plants (7 years) 

- Up to five plants to give a total produc-
tion of 500,000 barrels per day 

This arrangement envisages an 13-year lead time. 

Summary 

Australia was one of the first countries to develop a 
commercial oil shale industry. The early phases of 
commercialization used the very high grade torbanites 
of New South Wales and later the rich tnsmanite 
deposits of Tasmania. The decline of the industry 
was related to the importation of cheaper, American 
petroleum products. 
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The second stage of development was initiated by the 
New South Wales State and Australian governments to 
overcome a shortfall in petroleum products during 
World War II. This industry was based on the rich 
torbanite deposit at Glen Davis. As with the earlier 
ventures, the industry declined partly because of 
cheaper competing products after the war but also 
because of the nature of the deposit, dwindling 
reserves, flooding and industrial unrest. 

In 1968, a permit to delineate economic grades of 
vanadium in the Julia Creek area of Queensland was 
granted and the modern area of interest in Australian 
oil shale began. This third stage of the Australian oil 
shale saga has been played out during the past twenty 
years amidst a climate of fluctuating crude oil prices, 
together with the uncertainties of supply. 

The oil shale industry is now at a watershed. 
Australia has 16 percent of the world's recoverable oil 
shale resources, crude oil resources are dwindling and 
Australia should be experiencing a climate that is 
ideal for development of n shale oil syncrude industry. 
Unfortunately, a large-scale plant capable of narrow-

ing the gap between supply and demand has a lead 
time of 15 years, the present price of crude is low 
and the capital costs of constructing a plant are high. 

With the market in a state of flux and the climate 
one of uncertainty, the next five to ten years will be 
critical. On the pessimistic side, the oil shale tn 
dustry could be headed for the same future as that of 
the New South Wales torbanites, which can only be 
described as, at the best, dormant with little prospect 
of rejuvenation. On the optimistic side, resources ex-
ist for immediate development. However, just as the 
Glen Davis venture of the 1940's was initiated by 
government, development of a third commercial oil 
shale industry in Australia may well depend on the 
decisions of a state government or the Australian 
govern merit. 

Hutton believes that favorable market forces, en-
thusiasm from industry, and encouragement from 
government nay be closer than sone think. 

4441 
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TECHNOLOGY 

SHALE OIL YIELDS IMPROVED BY RETORTING IN 
SUPERCRITICAL FLUIDS 

Experiments on pyrolysis and hydropyrolysis of two 
Australian oil shales in supercritical toluene and 
tetralin were reported by R. Baldwin and K. Chen 
during the American Chemical Society (ACS) Sym-
posium on Advances in Oil Shale Technology, held in 
Denver in April. An enhancement of yields ap-
parently due to the physical presence of a supercriti-
cal fluid was reported. The researchers state that 
retorting technologies are plagued by inefficiencies in 
oil recovery which are inherent to the pyrolytic 
chemical reactions taking place.	 The result Is low
carbon conversion to oil due to free radical reactions 
such as cracking and condensation. 	 In the case of
craccIng, a high gas make is promoted at the expense 
of all generation. Regressive reactions due to con-
densation promote formation of coke rather than oil. 
Both cracking and coking may be reduced by opera-
tion at low temperature and/or short residence times, 
or by processing in the presence of hydrogen or 
hydrogen donating agents that act as free radical 
scavengers. 

Cracking and condensation can also be Inhibited by 
promoting rapid volatiles evolution from the shale 
Particles. Hence, mass transfer rates can he equally 
as important as chemical reaction rates. Recently, 
the use of supercritical fluids to enhance mass trans-
fer and chemical reaction rates has been proposed in 
a nu'-nber of applications. In principle, the unique 
properties of supercritical fluids should facilitate en-
hanced chemical reaction and mass transfer rates, 
especially in systems such as oil shale pyrolysis where 
one of the reactants is present as a porous solid. 

The AGO paper presents the results of an investiga-
tion into the effect of reactive and non-reactive 
gaseous atmospheres and supercritical fluids on the 
yield of oil froin tvio carbonaceous Australian oil 
shales. Both shales are high in organic carbon con-
tent but lower in hydrogen than typical oil shales, and 
are hence termed "carbonaceous shales". The shales 
are from the Nagoorin and Yaambn deposits. 

An ultimate analysis of the parent shales is shown in 
Table 1. Table 2 gives Fischer Assay data on the 
shales after size reduction and vacuum drying. 

Results 

The tendency of aromatic oil shales to produce coke 
rather than oil is well known, as Is the effect of 
hydrogen in inhibiting the reactions that forin residual 
carbon on the spent shale. The favorable effect of 
heating rate on volatiles yield is also well known. 
Little work has been done, however, on the effect of 
added non-reactive fluids in oil shale pyrolysis and 
hydropyrolysis.

TABLE 1 

ULTIMATE ANALYSIS OF
AUSTRALIAN SHALES 

Nagoorin	 Yaanbn 
(wt%)	 (wt%) 

Carbon 48.38 35.82 
Hydrogen 4.51 3.31 
Nitrogen 1.49 1.46 
Oxygen 19.50 22.06 
Sulfur 1.65 1.31 
Atomic li/C ratio 1.12 1.11

Under Fischer Assay conditions, organic carbon Con-
version to oil plus gas totals 19.4 percent for the 
Nagoorin shale, and only six percent for the Yamaha 
shale (Table 2). The atomic hydrogen-to-carbon ratio 
of both these materials is about Id (sec Table 1), 
hence the difference in renctivities of these two 
shales under Fischer Assay conditions might not be 
expected. However, wien the parent shales are 
analyzed by solid-state 1 C-I'UJR (CP/.lAS), a sig-
nificant difference in carbon aromaticity is indicated 
with the Nagoorin shale having an aliphatic-to-
aromatic carbon ratio of 1.22 as compared to 0.97 for 
the Yaamba shale. 

The study authors note that the difference In the Fis-
cher Assay oil yield found between these two samples 
is much greater than would be inferred strictly on the 
basis of carbon arornaticity. The carbon aromaticity 
and organic carbon contents of these shales are 0.45 
and 48.4 percent versus 0.51 and 35.0 percent for the 
Nagoorin and Yaambn samples respectively. Recent 
correlations suggest that, given these properties, the 
Fischer Assay organic carbon conversions for these 
two shales should be only slightly different (c.a. seven 
percent), and significantly higher than was actually 
observed. This discrepancy may have been due to the 
fine particles employed for the Fischer Assay 
(100 percent minus 74 micron), which will promote 
extensive oil cracking and condensation due to the 
much higher surface area of the pulverized samples. 

The effect of heating rate on conversion of these two 
shales is shown in Table 3. Changing the heating 
rate from the Fischer Assay rate (12 0 C min) to 
i 3 O00 0 C min-1 results in a very substantial increase 
in carbon conversion for both shales (52 percent for 
Nagoorin and 290 percent for Yaamba). Addition of 
toluene into the system raises the carbon conversion 
by an additional 17 percent for Nagoorin and 
21 percent for the Yaamba shale. Under the condi-
tions of reaction, toluene was present in the reactor 
as a supercritical fluid. 
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TABLE 2 

FL SQ1I ASSAY DATA 

Organic 
Oil Yield Water Yield Gas + Loss Carbon 

Sanpie (gal/ton) (gal/ton) (lbs/ton) Conversion 

Nagoorin 35.4 3.1 246.3 19.4 
Yaanta 19.7 12.6 195.0 6.0

TABLE 3 

EFFECT OF HEATING RATE AND SUPERORITICAL TOLUENE 

1. Fischer Assay
	 Nagoorin = 19.4 

Yaanta = 6.0 

Nagoorin = 29.5 
Yaarrbn	 = 23.4 

2. Tubing-host, micronutoclave at 
1000 0 1(/mi n, lie I iun atmosphere, 
no vehicle, 723 0 K, 10 minutes 
reaction time. 

3. Tubing-bout, nieronutoclave at 
1000°1Cbni n, lie I iurn atmosphere, 
toluene vehicle, 7230K, 
10 minutes reaction tint.

Nagoorin = 34 
Yaanba = 29 

Analysis of the products from reactions with toluene 
did not find dibeuzyl to be present, hence toluene 
probably did not participate as a chemical reactant. 
Baldwin and Chen interpret the effect of the super-
critical fluid to be more In terms of a mass transfer 
aid in facilitating volatiles evolution and in preventing 
raaclsorption of primary volatiles on hot shale par-
ticles which would load to cracking, coking, and lower 
carbon conversions. 

When hydrogen was added to the reaction system 
(shale plus supercritical toluene) in the form of gas 
phase molecular hydrogen, the organic carbon conver-
sion .vas essentially unchanged for the Nagoorin shale, 
while the carbon conversion is substantially improved 
for the Yaanba shale. These data substantiate pre-
vious findings regarding the effect of hydrogen on 
conversion of aliphatic and aromatic oil shales. Or-
ganic carbon conversion for the Nagoorin shale, the 
more aliphatic of the two, is not affected by elevated 
hydrogen partial pressures while the more aromatic 
shale (Yaanlbn) does exhibit a positive responsein the 
presence of gas phase molecular hydrogen.

Addition of a potent hydrogen donor (tetralin) to this 
system enhances conversion of both shales markedly, 
with carbon conversions of from 2.5 to 11 times the 
Fischer Assay level achieved for the Nagnorin and 
Yaamba shales. respectively. 	 Under experimental 
conditions of temperature and pressure, tetralin is 
also present as a supercritical fluid in the reactor, 
but in contrast to toluene, tetralin clearly behaves as 
a chemical reactant undergoing massive dehydrogena-
tion to naphthalene. The sigh organic carbon conver-
sions attained in tetralin relative to molecular 
hydrogen/toluene simply reflect the relative ease and 
rate of hydrogen abstraction from tctra]in versus 
dihydrogen, as has been well established from similar 
studies on coal liquefaction. Addition of tetralin into 
the system as a reactant gave the largest organic 
carbon conversions, with yields in excess of 
250 percent and 1,100 percent of the Fischer Assay 
attained for the aliphatic Nagoorin and aromatic 
Yaamba shales, respectively. 

ft 4t ,? 
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LLNL PATENTS CASCADING BED RETORT 

United States Patent 4,619,738, issued to A. B. Lewis 
et al., and assigned to United States Department of 
Energy, covers the Lawrence Livermore National 
Laboratory cascading bed retort. This retort has been 
described in the Pace Synthetic Fuels Report pre-
viously, for example, June 1987, page 2-16. Figure 1 
is a schematic of the system. 

The invention is a cascading bed retorting process and 
apparatus in which raw crushed shale enters at the 
middle of the retort column, where it Is rapidly 
mixed with recycled shale that has been heated by 
burning its residual char. The mixing is performed by 
flowing the shale particles down a series of vertically 
spaced alternately opposed inclined planes which ex-
tend laterally so as to overlap. The mixed streams 
of shale fall into a pyrolyzer section, where heat

from the recycled shale drives the volatile matter out 
of the raw shale. The volatile products are drawn 
off rapidly through product-gas vents and cooled to 
limit coking and cracking of the oil and oil vapors at 
elevated temperatures. 

By the time the raw shale reaches the bottom of the 
pyrolyzer, it contains only char. This spent shale is 
recycled to a column. A blast of air picks it up and 
carries it through a pneumatic liftpipe to the top of 
the column, where the solids are separated from the 
gas and fed back into the cascading burner. The bur-
ner utilizes an arrangement of inclined planes similar 
to the mixer. Here, air is introduced as an oxidant 
and the burning char heats the recycled shale enough 
to provide a new source of hot solid which can be 
used to pyrolyze additional raw shale. Enough hot 
shale is ejected at the burner exit to match the 
amount of raw shale being added at that point. 

The ra?id mixing so important to efficient operation 
occurs naturally as the streams of rock cascade down 
the alternating ramps. As particles of all sizes 
tumble together down a ramp, the larger particles 
rise to the top of the layer and the smaller particles 
sift down to the bottom. When the stream falls off 
the end of the ramp, it inverts itself and the 
segregation process starts over. The invention utilizes 
these solid-flow processes to provide constant segrega-
tion and inversion, which mixes the recycled and raw 
shales within a few seconds. 

A computer simulation of the mixing of Layers by 
flowing down successive inclined planes is illustrated 
in Figures 2A and 213, which illustrate the material 
flow and velocity vectors, respectively. Figures 2A 
and 25 illustrate the inversion of the flowing layer 
that occurs as the material goes around a corner, i.e., 
flows from inclined plane 100 to inclined plane 102 

FIGURE 2

SIMULATION OF CASCADING FLOW 

B	 04 

;o2 
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which is mounted to wall 104. When the material 
flowing from inclined plane 100 hits the wall 104, the 
flow onto inclined plane 102 is reversed. 

As illustrated in Figure 1, the baffles are each made 
-up of two segments of different angles. The steeper 
part of the baffle is provided so that material does 
not hang up and interfere with continuous flow. The 
angle of the lower segment of the baffle is chosen to 
provide the proper residence time in the system while 
providing continuous flow. The lower tip of one 
baffle extends laterally to about the junction between 
the two segments of the next baffle. 

#444 

ARSENIC REMOVED BY COKING AND WATER 
WASHING 

United States Patent number 4,618,410, issued to 
F. E. Brinckman et al., and assigned to The United 
States of America as represented by the Secretary of 
Commerce presents an improved process for shale oil 
dearsenation. 

Background 

Many shale oils produced by conventional retorting 
processes contain arsenic, which interferes with sub-
sequent refiniag or catalytic hydroprocessing opera-
tions. From an environmental standpoint, removal of 
arsenic may be desirable even if the raw shale oil is 
to be used directly as a fuel. 

Previous methods for removing arsenic from hydrocar- 
bon oils include contacting raw shale oil with a dear 
scnation catalyst, such as those containing oxides or 
sulfides of nickel, cobalt, or iron. This catalytic 
dearsenation is normally carried out at an elevated 
temperature and usually in the presence of hydrogen 
under pressure. 

It has also been recogniied that arsenic can be 
removed from shale oil by heat soaking or visbreclng 
the oil long enough to form a suspended precipitate 
which must be subsequently 'neehnnically separated 
from the oil. 

Other methods for treating shale oils include visbreak-
in; the oil, solvent deasphalting the visbroken oil, and 
contacting the resulting visbroken, deasphalted oil 
with hydrogen in the presence of a catalyst. Another 
patent describes a method for removing arsenic from 
shale oil by a combination of thermal dearsenation, 
coking and catalytic hydroprocesstng. 

It has also been suggested to treat raw shale oil by 
coking it followed by catalytic hydrodenitrogenation of 
coker distillate. 

Summary of the Invention 

This invention is a cocnbiaation process for removing 
arsenic from shale oil.A shale oil is first coked to

remove a portion of the arsenic from the oil. The 
coRer distillate is then contacted with water in order 
to further remove arsenic. The hydrocarbon product 
from the water treatment or washing step contains 
less than three parts per million by weight arsenic. 

The feedstock for the invention consists of a shale oil 
which contains soluble arsenic in amounts greater than 
four parts per million, by weight. The shale oil will 
also frequently contain at least 10 parts per million 
by weight soluble iron. The levels of arsenic and iron 
contaminants in n given shale oil will, of course, 
depend upon the origin of the oil and upon the par-
ticular retorting process and conditions used to 
remove it from the shale. "Soluble arsenic" includes 
compounds and ions of arsenic which are soluble in 
the feedstock. The raw shale oil feedstock may be a 
whole shale oil or a fraction thereof. 

The coking step involves heating an oil to a tempera-
ture ranging from 3990 to 1,093 0 C at a pressure of 
atmospheric or above. Preferred pressures are from 
atmospheric to five atmospheres gauge. Any suitable 
coking method, for example, delayed coking or fluid 
coking, may be used. All or part of the raw shale 
oil may be coked or the raw shale oil can be frac-
tionated and just the heavier portion of the oil coked. 

The coking step will reduce the amount of soluble ar-
senic in the shale oil, often by as much as one half 
to one third of the arsenic in the mw shale oil. 

In tile water treatment step, the coked shale oil is 
contacted with water at atmospheric pressure and 
preferably at ambient temperature. The water treat-
ment step removes the polar arsenic compounds 
present in the coRer distillate. Because the polar Cr- 
senicals are typically acidic, it is preferred that the 
p11 of the water be equal to or greater than seven. 
Preferably, one or more of the iron or water soluble 
nitrogen contaminants will also be removed from, or 
reduced in concentration in the oil during the water 
treatment step. 

The water treatment can be carried out by any mean-s 
that is effective in intimately mixing oil and water. 
The water washing is preferably carried out under 
ambient conditions. A preferred method would com-
prise adding oil and water to a process vessel and 
agitating the mixture with a high speed stirring 
device. An alternative is to use a desalting apparatus 
that is conventionally employed in the petroleum in-
dustry in pretreating hydrocarbon feeds that have 
come into contact with brine. 

Separation of me oil from the water can be effected 
by any of a number of means including settling and 
decanting by phase separation or distillation. 

Example 

In an example quoted by the patent, a raw Paraho 
shale oil was subjected to delayed coking of the 
450 0 C boiling fraction. This fraction comprised the 
heaviest 40 weight percent of the whole shale oil and 
contained St weight percent of the arsenic present in 
time whole shale oil. The arsenic concentration in tile 
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colter distillate was 4.2 parts per million compared 
with an arsenic concentration of 28 parts per million 
in the charge.

The same raw shale oil was treated with a caustic 
solution twice. Arsenic level of the isolated oil was 
8.3 parts per million. 

The distillate was mixed with distilled, deionized 
water. Alter settling and separation, the water con-
tained 2.0 parts per million arsenic while the oil con-
tained 2.2 parts per million water-insoluble arsenic. 

As a check on the procedure the raw shale oil was 
mixed with distilled,	 deionized water and water 
washed twice without coking. The twice water-
washed oil was found to contain 16.9 parts per million 
arsenic.

The caustic washed shale oil was then mixed with dis-
tilled, deionized water. Arsenic In the oil following 
two caustic treatments and one water wash was 
6.8 parts per million. 

The results are summarized in Table 1 which com-
pares the relative dearsenation efficiencies of the 
various processes. This comparison shows the supe-
riority of the two-step delayed coking-water washing 
process for arsenic removal. 

TABLE 1 

DEARSflJATIt1M EFFICIENCIES OF VARIOUS PICESSES 

	

Arsenic Level	 Dearsenation 
in Product Prior	 Efficiency of 

	

to 1120 Wash	 Prewash Step 
Process	 (PP-1)	 (96) 

Caustic washing	 8.33	 67.4 
Water washing (2X) 21.90 	 21.8 
No treatment	 --	 --
Delayed coking	 4.20	 65.0

Arsenic Level Dearsenation 
in Product Efficiency of Overall 
After Wash Water Wash Dearsenat ion 

(ppn) (96) Efficiency 

6.81 18.2 75.7 
16.91 22.8 39.6 
18.50 1.7 1.7 
2.18 48.1 92.2

#44* 

CARBOXYLIC ACID SALTS IDENTIFIED AS MAJOR 
COMPONENTS OF GREEN RIVER ICEROGEN 

An understanding of the chemical composition of oil 
shales is important for assessing the commercial 
potential of shale resources as well as for the design 
of new or more efficient oil recovery processes. It is 
especially useful for predicting product distributions 
from recovery processes and predicting potential en-
vironmental problems associated with recovery 
processes. 

& paper by J. McKay and fl. Blanche at the Sym-
posium on Advances in Oil Shale Technology presented 
before the American Chemical Society in Denver in 
April suggests that a large part of the kerogen in 
Green River oil shale is actually present as carboxylic 
acid salts. 

In general, the chemical composition of the organic 
material which can be easily extracted from western 
oil shale by common organic solvents, the so-called 
bitumen, is well known. The major compound types 
have been identified.	 To a lesser extent, cornposi-

tional information has been obtained on the fraction 
of organic material which is insoluble in common or-
ganic solvents, the so-called kerogen. 

McKay and Blanche state that one of the well-known 
chemical components of Green River shale is a com-
pound type known as carboxylic acids. These organic 
acids have been isolated by solvent extraction tech-
niques and have been characterized in some detail. 
Examples of the kinds of acids found in Green River 
shales are n-carboxylic acids, branched aliphatic car-
boxylic acids, terpenoid acids, and dicarboxylic acids. 
Until recently it was thought that carboxylic acids 
represented only about two or three percent of the 
total organic matter in Green River shale. flowever 
Robinson, Cummins, and Chong reported that from 21 
to 26 weight percent of the total organic matter in 
Green River shale could be isolated as carboxylic 
acids when the shale was treated with carbon 
monoxide and water at temperatures between 300 and 
400° C. 

Detailed CC-MS characterization work concluded that 
the same types of carboxylic acids were present in 
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the carbon monoxide-water product as were found ear-
lier in the solvent-soluble portions of the raw shale. 
These findings not only identified a major organic 
component of Green River oil shale but provided clues 
to the nature of its state in the shale. It was sug-
gested that carboxylic acid salts may exist in Green 
River shale and account in part for the insolubility of 
the organic matter in common organic solvents. 

Small amounts (less than one percent) of carboxylic 
acid salts have been isolated from Green River shale 
using benzene-methanol extraction and an IIC1 -hF 
treatment. Carboxylic acids identified were moncar-
boxylic acids, dicarboxylic acids, methyLketocarboxylic 
acids, alicycic and unsaturated acids, and branched 
aliphatic acids. These experiments concluded that 
oily a small fraction of the acidic material is present 
as free acids and suggested that most of the acids 
are bound to, or co-precipitated with carbonate 
minerals as acids or acid salts. In 1984 it was found 
that carboxylic acid salts could be isolated in higher 
yields (about 3.6 weight percent) when Green River 
shale was extracted with methanol. Pronounced eveir 
odd predominance of the n-carboxylic acid salts indi-
cated that the shale had not been subjected to severe 
thermal degradation. The structural similarity be-
tween the derived acids of the salts and the acids in 
benzenc-exteacted organic material suggested that 
there was an equilibrium relationship existing between 
the salts and free carboxylic acids during or after 
deposition of Green River oil shale. 

In the American Chemical Society paper lcKay and 
Blanche report the isolation and characterization of 
carboxylic acid salts that represent about 25 weight 
percent of the total organic matter in Green River 
shale. The salts are thought to be indigenous to the 
shale. Acid salts, rather than free carboxylic acids, 
were isolated in short reaction-tine experiments using 
a methanol-water treatment at 400 0 C followed by a 
b-enzene-niethanol extraction. For characterization 
the carboxylic acid salts were converted to free car-
boxylic acids and the carboxylic acids were then 
derivatized to form esters. The apparent role of car-
boxylic Reid salts in preventing the recovery of shale 
oil from Green River oil shale was also discussed. 

Experimental 

Short reaction-time experiments were conducted in a 
one-liter autoclave. Green River shale, mined at An-
vil Points, Colorado, was used. The Fischer Assay of 
the shale used in seven experiments was 51 gallons 
per ton, and that of the shale used in two addition-al 
experiments was 91 gallons per ton. 

In a typical experiment, 0.75-inch cubes of shale were 
placed in the autoclave with methanol and water at 
400° C for periods of 5.5 minutes to 34 minutes. 
Cooldown from 4000 C to 40° C was accomplished in 
12 minutes. 

The experiments reported at the American Chemical 
Society symposium resulted in the discovery that up 
to 22 weight percent of the organic matter in the 
shale can be recovered in the form of carboxylic acid 
salts within a treatment time of about 18 minutes.

The amounts of salts recovered in short reaction-time 
experiments are shown as triangles in Figure 1. At a 
treatment time of six minutes at 400 0 C only about 
eight percent of the organic material in the shale is 
recovered but about two thirds of it is carboxylic 
acid salt. At a treatment time of 12.5 minutes the 
yield of total organic material was 20 percent and 
almost all of the material was carboxylic acid salt. 
Salt yields reached their maximum at a treatment 
time of 18.5 minutes, maintained a plateau, and then 
decreased. The maximum carboxylic acid salt yield is 
the same as the maximum amount of free carboxylic 
acids recovered from the liquid product of a one hour 
supercritical extraction experiment. Apparently all of 
the carboxylic acid salts in the shale can be 
recovered in 15- to 18-minute treatment times. It 
appears that at treatment times of about 35 minutes 
or longer the salts are converted through protonation 

FIGURE 1 
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reactions to free curboxylic acids and are recovered 
as such. 

ICP analysis of the acid salts indicated that sodium 
was the most prominent cation, being present in a 
ratio of 20:1 over potassium, the next most abundant 
cation. Other cations found, in order of amount, 
were calcium, boron, arsenic, magnesium, and iron. 

The authors conclude that approximately 25 weight 
percent of the organic flatter in Green River oil 
shale probably exists in the form of carboxylic acid 
salts and probably accounts for the insolubility  of 
25 percent of the kerogen in common organic sol-
vents.
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FACE VENTILATION TESTED FOR OIL SHALE 
MUCKING IN LONG HEADINGS 

The United States Bureau of Mines conducted technol-
ogy transfer seminars in April in Louisville, Kentucky 
and Denver, Colorado. One of the subjects covered 
In the seminar was "Measurement and Simulation Ef-
fectiveness for Large Diesel Equipment" operating in 
oil shale mines. 

Ventilation of diesel exhaust at the face of a room-
and-pillar oil shale mine was expected to be a dif-
ficult problem because of the large room dimensions 
and because the very high horsepower engines required 
to power the equipment produce large amounts of air 
pollutants. Conventional air moving equipment is 
capable of supplying the quantities of fresh air neces-
sary to dilute the exhaust. However, at the projected 
flow rates, little was known about the effects of 
room size or large-scale turbulence on mixing ef -

ficiency and ventilation effectiveness. 

Studies of ventilation flow in large underground ex-
cavations had shown the existence of flow and tem-
perature stratification, both of which had the poten-
tial to reduce ventilation effectiveness. 

A project was initiated by the Bureau of Mines to 
develop large-capacity Lace ventilation systems and to 
characterize their ventilation performance in full-scale 
tests at an oil shale mine. Studies of pollutant 
mixing and dilutions ware performed at Exxon's 
Colony Pilot Mine using existing face ventilation 
equipment and a 600- to 700-hp loader and haul truck 
to provide a full-scale simulation of mucking in a 
dead-end 'nee heading. The data provided information 
on the degree of temperature and pollutant stratifica-
tion that would occur, and were used for design 
guidelines. The performance of two candidate face 
ventilation systems was later characterized using sul-
fur hexafluoride tracer gas released to simulate 
various types of nine pollutant production. 

Simulation and Monitoring of Mucking Operation 

The full-scale enuc'cing simulation was performed using 
old diesel equipment not well suited for underground 
operations because of the equipment's high emission 
rates. The lluf(-400C loader and Wabco 35-ton 
capacity truck were powered by direct injected Cum-
mins; VT-1710 engines. The pollutant lcveis measured 
were not representative of operations using prechaun-
bar engines designed and configured for underground 
use. The data were therefore normalized to peak 
concentrations to show relative effects rather than 
actual levels of pollutants. 

The objective of the simulation was to provide data 
in the following areas: 

- Distribution of pollutant concentrations 
throughout the dead-end heading to indicate 
mixing uniformity. 

- Evaluation of	 the	 degree	 of pollutant 
stratification.

- Evaluation of the degree of temperature 
stratification. 

— Confirmation of the expected fresh air 
capacity required for the particular engines 
operating. 

A dead-end heading in the Colony Pilot Mine was set 
up for the mucking simulation, as shown in Figure 1. 
The test room was nominally 50 feet wide by 30 feet 
high, and contained a pile of stored oil shale that 
previously had been mined and stacked to a height of 
roughly 10 feet. Ventilation air was carried to the 
face area in a 60-inch-diameter, collapsible ventilation 
tube hung along the roof, at a nominal flow rate of 
72,000 cubic feet per minute. 

The truck and loader were positioned at the face of 
the stored muck, and the loader worked to move 
muck from side to side in a manner that would simu-
late both loader movement and engine load in an ac-
tual operation. The loaded truck was cycled in and 
out of the test room to simulate the arrival and load-
ing of a fleet of trucks, with an average cycle time 
of 7.0 minutes. 

The concentration of gaseous pollutants was measured 
using process instrumentation at sections 00, 140, and 
190 as shown In Figure 1, with samples drawn at 
heights of five, 15, 75 feet above the floor. 

FIGURE 1
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Concentrations of gaseous pollutants (CO,CO 21 NO 
and NO) increased rapidly at the beginning of eaJn 
test, and then settled to relatively constant values 
throughout the remainder of the tests. Figure 2 
shows an example of the time versus concentration 
data (normalized to the peak value measured) for 
separate tests with the truck engine shut down during 
loading and idling during loading. There was no cor-
relation between concentration and plan location in 
the test room, indicating uniform mixing throughout 
Vie room. 

Vertical stratification of the pollutants because of the 
density difference between ventilation air and the hot 
exhaust was clearly shown, as by the example in 
Figure 2.	 Table 1 lists the time-weighted-
average(TWA) concentrations, normalized to the 
highest TWA value for each pollutant to provide a 
relative measure of the stratification. Concentrations 
at five feet above the floor varied between 28 and 
64 percent of tile concentrations measured at 25 feet 
above the floor. The normalized TWA values indi-
cated that leaving the truck idling during loading in-
creased the pollutant levels.

TABLE 1 

RELATIVE TIME-WEIGHTED-AVERAGE 
cUicnInIATIG4 AT VARIOUS BERETS 

Height above Normalized conc X 100,1 pct 
floor,	 ft. Truck shut dovn Truck idling 

CO2: 
25 72 100 
15 48 64 

5 22 42 

25 68 100 
15 55 84 

5 36 64 

25 75 100 
15 52 57 

5 23 28 

NO:

	

75	 82	 100 

	

15	 56	 53 

	

5	 24	 23 

1 Nornnlized to peak TWA value. 

FIGURE 2 
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Stratification of diesel particulates because of the 
buoyancy of thc hot exhaust was also observed. The 
concentration of diesel particulates (aerodynamic par-
ticle diameters less than 0.39 microns) at five feet 
above the floor was 66 percent of Vie concentration 
measured at 12 feet above the floor. Temperatures 
at 28 feet above the floor averaged 3.9° F higher 
than at 10 feet above the floor, because of stratifica-
tion of the hot exhaust. 

The data indicated that thermally induced stratifica-
tion of the pollutants acted to enhance face ventila-
tion effectiveness. Pollutants tended to be 
transported at higher concentrations near the roof, 
thereby reduei.ig the concentration at lower heights 
were personnel were exposed. Mixing was uniform 
throughout the plan area of the room, indicating that 
ventilation flow rates sufficient to dilute the diesel 
fumes would also provide sufficient turbulence In full 
size operations.
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INTERNATIONAL 

GUIDE TO AUSTRALIAN SHALES PUBLISHED 

A 1987 publication titled "Australian Oil Shales: A 
Compendium of Geological and Chemical Data" by 
P. T. Crisp et al. at the University of Wollongong, 
New South Wales, provides a comprehensive com-
parison of 21 Australian oil shales (from 16 deposits). 

Australia has large oil shale resources with 
demonstrated in situ resources totaling 58 billion 
tonnes from which 24 billion barrels of oil is 
recoverable. This volume of shale oil is ap-
proximately fifteen times larger than the 1.6 billion 
barrels recoverable resources of crude oil. The major 
Australian oil shale deposits and their published 
resources are listed in Table 1; deposits with inferred 
resources (which total an additional 980 billion tonnes 
of shale) are listed in Table 2. Combined inferred 
and demonstrated shale oil resources are between 
seventy and one hundred times larger than Inferred 
and demonstrated crude petroleum resources. 

Oil shale deposits (Figure 1) within Australia range in 
age from Cambrian to Tertiary and are located 
mostly in the eastern quarter of the continent. If oil

shale is to be exploited in the near future It is likely 
that one of the Tertiary deposits, such as Rundle, 
Stuart or Condor, or the Cretaceous Julia Creek 
deposit will be the one that is developed. The Ter-
tiary deposits have thick mineable seams with little 
overburden and are located near to ports, population 
centers and energy outlets. Julia Creek deposit has 
very large resources at shallow depths. 

Although many deposits now under consideration have 
been known for more than a hundred years, detailed 
exploration and resource assessment has only been 
carried out spasmodically and only when economic 
conditions favored possible mining and development. 
As a result, many deposits were still poorly charac-
terized from both geological and chemical viewpoints 
as recently as 1980. 

Data presented in the report Include organic petrog- 
rap}ly, mineralogy, elemental composition of the 
kerogen in the parent shale and chemical composition 
of the corresponding Fischer assay and flash 
pyrolysate oils. Altho',gh activity in oil shale 
development in Australia has declined temporarily, the 
study's authors note that data of the type presented 

TABLE 1 

DFZfl4SThATID RESOURCES, MAJOR AUSTRALIAN
OIL SHALE DEPOSITS 

Average 
In situ Yield Recoverable 
Moisture (L/tonne Oil 

Deposit Age (56) 0% water) 106bbls 

Queens land 
Alpha Fermi an 7 200 80 
Condor Tertiary 3 65 6700 
Duariage Tertiary 30 82 3700 
Julia Creeic Cretaceous 5 70 1700 
Lovnead Tertiary 23 84 740 
Nagoorin Tertiary 26 90 2700 
Nagoorin South Tert iary 27 78 470 
Rundle Tertiary 20 105 2700 
Stuart Tertiary 19 94 2500 
Ynanta Tertiary 23 95 2800 

New South Wales 
Daeramj Permian 260 17 
Newnew- Permian 420 23 
Glen Davis 

Tasmania 
Mersey River Permian 120 48 

Total 24000
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Deposit 

Queens land 
l3yfield Tertiary 
Condor Tertiary 
Too lebuc Cretaceous 
Format ion

Na. South Wales 
Baerami	 Permian 
Newnes-	 Permian 
Glen Davis 

Tasimnl a 
Mersey River Permian

TABLE 2 

AWlTl1AL INFERRED RESOURCES, SELFCFEI)
AUSTRALIAN OIL SUAJ.E DEPOSITS 

Recoverable 
In situ Yield Oil 
Oil	 (Mt) (L/tonne) (106bbis) 

720 55 250 
3900 66 1500 

980000 40 250000 

5 260 8 
11 420 29 

23 140 25 

FIGURE 1

LOCATION OF AUSTRALIAN DEPOSITS FROM WHICH SAMPLES WERE STUDIED 
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will be valuable when interest in oil shales Is 
renewed. 

- A large amount of geological, chemical and 
analytical data on Australian oil shales were 
generated between 1976 and 1984. Many of 
the studies had been carried out by in-
dividuals, groups or companies with a vested 
Interest in the results and consequently much 
of the data has not been made public. 

- in the results that are available, little infor-
mation is given as to the precise location of 
samples. Numerous studies have shown that 
the nature of oil shale within some deposits 
(such as Rundle and Nagoorin) is cyclic and 
also hanges with depth. Thus, data obtained 

for samples from one seam or member may 
not be representative of data for samples 
from other scams or members. 	 For many
deposits there is no such thing as a 
"representative" sample,	 althoug'i in many
reports such an inference is made. 

- Many studies relate to a single discipline, and 
In some eases, to a single technique or ap-
plication of a discipline. Few studies in-
tegrate two or more research areas and thus 
apparent anomalies In results, or aspects 
requiring more detailed explanation, are over-
looked. Use of analytical techniques from a 
second discipline would often overcome these 
problems. 

Specifically, the study gives petrographic, mineralogi-
cal and chemical data, obtained under the same ex-
perimental conditions, for the range of Australian nil 
shales presently known. 

Petrographic Terminology 

The insoluble organic matter in Australian oil shales 
is derived from a wide range of organisms, including 
freshwater and marine algae, as well as terrestrial 
woody plants. Most of the oil from any oil shale is 
derived from the hydrogen-rich liptinite maceraLs 
which generally constitute the bulk of the organic 
mutter. in the Wol.Iongong study, Australian oil shales 
have been divided into five types, using the type and 
abundance of the liptinite or hydrogen-rich macerais: 

Cannel Co" Cannel coal is dull black or brownish-
black oil shale that contains abundant liptinite derived 
from higher plants such as sporinitc, resinite, cutinite 
and llptodetriaite with lesser amount of vitrinite and 
inertinite. 

Torbanite. Torl,anite is a black to greenish-black oil 
shale that contains abundant telalginite derived from 
the colonial alga Reinschia and Pila which are related 
to (or may be the same as) Botryococcus. Minor 
components include sporinite, resinite, vitrinite and 
inertinite. 

Lamosite. Lamosite is an olive-grey or brown to 
brownish-black oil shale that contains lamalginite, 
derived from lacustrine, planktonic algae (such as

Pedlastrum, dlnoflagellates and aerltarchs). Minor 
components include Inertinite, sporinite, telalgialte 
(derived from Botryococcus) and, In some cases, 
bitumen. 

Morinite. Marinite is a greyish-brown to dark brown 
oil shale that contains lamalginite, derived from 
marine algae (such as (lnoflagellates and aeritarchs), 
and bituininite (of unknown affinity) with lesser 
amounts of vitrinite, inertinite, sporinite and bitumen. 

Tasmanite, Tasmanite Is a brown to black all shale 
that contains telalginite derived from the thick-
walled, porate unicellular alga Tasmanites, which Is 
related to the extant Pachysphaera. Minor com-
ponents include vitrinite, inertinite, and lamalginite. 

Coorongite. Coorongite is a greenish-black to black 
rubbery substance found in the temporary lakes which 
form In the Coorong region of southeast South 
Australia after large floods. It is believed to be 
derived from the alga Botryococcus but blue-green 
algae may also be precursors. 

Results 

As well as the twenty one Australian oil shales, one 
sample of ilorwell (Victoria) brown coal and six over-
seas oil shales, were studied so as to facilitate corn-
parisons. Analytical methods included reflected light 
and fluorescence mode microscopy, X-ray diffraction, 
elemental analysis and pyrolysis-C.C. to determine 
petrographic and chemical properties of the parent 
shales and derived oils. Numerous glossy photographs 
of petrographic results are included. This study is 
one of the few which has simultaneously addressed 
the chemical and geological properties of oil shales. 

As a result, fundamental relationships are apparent 
betNecn the chemistry of the shale oils and the or-
ganic matter in the parent shale. The type of or-
panic matter in the oil shale determines the oil yield 
and the chemistry of the shale oil. 

Tables 3 and 4 show vitrinite reflectance and kerogen 
chemical composition data compared to Fischer Assay 
oil yield. 

As noted, the study supports the diversion of 
Australian oil shales into five groups, each with 
characteristic petrographical and chemical properties 
basic to the understanding of the retorting behavior 
of each oil shale. Fundamental relationships are ap-
parent between the chemistry of the shale oils and 
the organic matter in the parent shale. 

Cannel Coal. The organic matter in oil shales of this 
group is derived from terrestrial plants. Oil yields 
are generally low. Both the kerogen and derived oils 
have high oxygen contents. The oils are rich in 1 
pristene and aromatic compounds such as phenols and 
this is Indicative of organic matter derived from ter-
restrial sources. 

Samples studied which belong to the cannel coal group 
are the Nagoorin and Condor carbonaceous oil 
shales,and Mt. Conlon and ilorivei brown coal al-
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TABLE a

REFLWFANCE DATA FOR VIRTINITE IN OIL SHALES 

Reflectance 
Sample Ramax % Range 96 

Condor	 (Carb.) 0.59 0.44-0.74 
Mt Coolon 0.44 0.38-0.48 
Nagoorin (Carb.) 0.41 0.36-0.48 
Morwell 0.26 0.21-0.32 

Alpha 0.27 0.22-0.33 
Glen Davis 0.32 0.30-3.42 
Joadja 0.40 0.33-0.46 

Byfield 0.40 0.32-0.46 
Condor (Brown) 0.30 0.26-0.38 
Duaringa (Top) 0.18 0.16-0.20 
Duaringa (Base) 0.40 0.29-0.51 
Load 0.31 0.20-0.42 
Nagoorin (Brown) 0.37 0.22-0.48 
Nagoorin South 0.31 0.22-0.42 
Rundle (lyE Member) 0.26 0.22-0.37 
Rundle (RC Member) 0.27 0.20-0.34 
Stuart (BC Member) 0.32 0.26-0.40 
Stuart	 (I(C Member) 0.32 0.220.43 
Yaanta 0.27 0.20-0.32 

Green River 0.19 0.150.24 

CanixAveal 0.41 0.330.48 
0.21 0.17-0.26 

Julia Creek 0.50 0.48-0.60 
Irati 0.46 0.360.60 
Kentucky (C Member ) 0.34 0.20-0.39 

0.49 0.40-0.59 
Kentucky (S Shale)* 0.35 0.30-0.39 

0.45 0.42-0.49 
Parts Basin 0.46 0.41-0.52 

Mersey River 0.52 0.30-0.70

Curb. - Carbonaceous 
FE - Munduran Creek RC - Ramsay Crossing 
UC - lIuny Creek	 KC - Kerosene Creek 
C - Cleveland	 S - Sunbury 
* - hi nodal reflectance values

though the latter is generally not regarded as an oil 
shale. 

Torbanite. The organic matter in this group of oil 
shales Is derived dominantly from the colonial green 
alga Botryococcus or related algae. Samples in this 
group contain the highest proportion of organic matter 
of any of the oil shale groups with commonly greater 
than 75 weight percent kerogen. Oil yields are ex-
tremely high with the Alpha sample yielding 
65 weight percent oil by Fischer Assay. Most of the 
oil is derived from the algal component. 

The oils are dominated by homologous alkenes/alkanes 
doublets. 

The homologous alkanes/alkenes are indicative of an 
algal source. 

Lamosite. The organic matter in oil shales belonging 
to this group is derived mostly from the colonial alga 
Pediastrum. Oil yields are low, although Icerogen is a 
significant component of the bt,F'c rock, constituting 
up to 36 weight percent. 

Members of the group are Byfield, Condor (brown oil 
shale), Duaringa (top and bottom units), Lowrnead, 
Nagoorin (brown oil shale), Nagoorin South, Rundle 
(Munduran Creek and Ramsay Crossing Members), 
Stuart (Kerosene Creek Member) and Ynamba. 

Marinite. The oil shales in this group were former] in 
a marine environment and the organic matter was 
probably sourced mostly from algae. The oil yields 
are low as Is the kerogen content of the shale (less 
than 12 weight percent). Petrographically, the shales 
are composed of alginite and bituminite. 

The	 oils	 are	 characterized	 by	 complex
chromatographic profiles below C 20 , arising from a 
large aromatic content. The abundance of sulfur 
compounds in the oils Is indicative of marine-sourced 
organic  matter. 

Australian oil shales belonging to this group are 
Camoov,eal and Julia Creek. The Trati, Kentucky 
(Cleveland F,Iember and Sunbury Shale) and Paris Basin 
oil shales also belong to this group. 

Tasmanite. The Mersey River sample contains abun-
dant alginite derived from the large unicellular marine 
alga Tasmanites with very minor vitrinite and alginite 
derived from smaller, planktonic algae. Mineral com-
ponents are mostly quartz and clay minerals. The 
kerogen and derived oil have relatively low oxygen 
and nitrogen but relatively high hydrogen and sulfur. 
Oil yield is high with a moderately low gas yield. 
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TABLE 4 

RL}2tnITAL ANALYSIS DATA FOR KEflIW4 AND SHALE OILS FOR Sfl) AUSTRALIAN AND OVERSEAS OIL SHALE SAMPLES 

Wt% Fischer Wt% 
Assay Kerogen Elerrental Kerogen Composition 

Sample Oil In Shale C II N 0 

Condor	 (Curb.) 6.2 47 75.6 5.39 3.20 15.1 0.75 
Mt Coolon 17.4 50 69.0 6.45 0.92 21.7 1.94 
Nagoorin	 (Carb.) 9.8 38 70.6 5.97 2.25 19.6 1.52 
Morwell 7.8 82 60.6 4.62 0.86 25.4 0.49 

Alpha 65.1 80 80.8 9.79 1.10 7.29 1.03 
Glen Davis 56.2 75 85.5 10.4 1.00 2.45 0.63 
Joadja 48.0 79 84.8 9.83 1.15 3.12 1.08 

Byfield 7.5 13 76.2 8.64 2.66 11.0 1.44 
Condor (Braw) 8.0 11 78.8 9.48 2.41 9.02 0.26 
Duaringa (Top) 5.9 13 74.1 9.50 1.60 13.8 0.89 
Duaringa	 (Base) 12.7 28 71.5 7.26 2.42 17.3 1.53 
Lm)ad 9.0 14 73.0 8.42 2.18 15.6 0.80 
Nagoorin (Br y.n) 6.2 18 72.9 7.10 3.28 15.3 1.43 
Nagoorin South 9.5 16 73.8 8.99 2.14 14.1 0.90 
Rundle (t r1enter) 17.9 31 75.3 9.87 1.80 11.8 1.17 
Rundle (RC Member) 14.4 23 74.9 10.2 1.61 12.7 0.63 
Stuart	 (TIC Member) 8.2 33 69.0 5.97 2.83 20.9 0.92 
Stuart	 (KC Men-bar) 27.0 36 75.9 10.4 1.67 10.8 1.19 
Yaanta 17.4 20 77.3 10.4 2.02 9.56 0.71 

Green River 10.5 18 77.4 10.0 2.62 8.89 1.11 

Cano.vea1 2.1 4 78.0 8.13 2.76 0.31 2.82 
Julia Creek 5.4 12 74.2 7.50 2.38 11.3 4.64 
Irati 7.7 18 82.9 9.04 2.37 5.73 n.d. 
Kentucky (C Men-bet) 4.6 16 80.9 7.12 2.77 7.88 1.38 
Kentucky (S Shale) 5.9 19 80.7 6.90 2.73 8.06 1.67 
Paris Basin 4.6 14 77.6 7.95 2.16 0.49 2.84 

Mersey River 14.2 15 78.4 9.99 1.16 7.36 3.08 

Coorongite 85.2 88 77.1 11.0 0.36 11.3 0.29

U U 
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ENVIRONMENT 

FINAL ElS ISSUED FOR WOLF RIDGE NARCOLITE 
SOLUTION MINE 

The United States Department of the Interior, Bureau 
of Land Management, White River Resource Area, has 
issued a Final Environmental Impact Statement (EIS) 
for the Wolf Ridge Corporation's mine plan for a nail-
coilte solution mine in the Piceanee Basin of 
Colorado. The draft EIS for this project was 
reviewed in the Face Synthetic Fuels Report, Decem-
ber, 1906, page 2-23. 

Public comments on the draft EIS did not, for the 
most part, require extensive changes in the data, 
analyses, or conclusions. Therefore, the buLk of the 
draft EIS was not reprinted. 

A major point of controversy concerning the project 
has been the matter of protecting the oil shale 
resources on the leases. The sodium mineral leases 
are in the middle of the richest oil shale deposit In 
the world, but the terms of the leases require that 
the oil shale resource not be damaged by the nab-
colite mining operations. Protection of groundwater 
resources from the solution mining activities is the 
major environmental concern. 

Wolf Ridge Corporation (WRC) had protested two 
stipulations contained In the Bureau of Land 
Management's (BLM) approval of their pilot-scale 
project nine. 

WEC proposes to use mud-gel instead of cement in 
the wellborc annulus. As a compromise, the BLM is 
now allowing WI1C to demonstrate their proposed well 
completion technique during the two-well pilot 
project. This compromise changed two of the No Ac-
tion Alternative (pilot-scale project) stipulations con-
tained in the draft EIS. It also required WRC to 
submit a. monitoring plan for the pilot-scale project 
that addresses ilL Ii concerns over their mudgel 
completion technique. 

The use of mud-gel for completion purposes on sub-
sequent 'veils will only be considered if the monitor-
ing results show that the material is an adequate sub-
stitute for cement and does provide an adequate seal 
to ensure protection of groundwater and other 
resources. 

Evaluation of Completion Procedures 

As an appendix to the Final EIS, the BLM included an 
analysis of the primary points of technical uncertainty 
and disagreement between I3LM and WRC regarding 
well completion and abandonment procedures and the 
need for mitigating measures. The discussion con-
cerns the technical considerations necessary to ensure 
a stable wellbore for extraction of the resource and 
adequate isolation of the mining cavity. 

fiLM notes that the proposed operation uses new and 
emerging technology combined with the adaptation of

existing oil and gas well drilling and completion prac-
tices. The project is further complicated by the 
unique subsurface environment found in the Piceance 
Basin. 

WRC proposed to ensure a stable weilbore for nah-
colite extraction by cementing the bottom 100 feet of 
casing and leaving a "casing pack" (mud gel), in the 
annulus between the 8 5/0-inch production casing and 
borehole, from the top of the cement to surface. 
Upon abandonment of the borehole, the casing not 
cemented would be removed and used for subsequent 
wells. The mitigating measures proposed by BLM in 
the EIS expand the length of the cement column to 
approximately 250 feet in total length. This require-
ment would ensure isolation of the mine cavity from 
the annular region behind the 8 5/0-inch casing and 
the bass of the lower aquifer. 

In its analysis, I3LM explains that poor cement jobs 
can result because of a number of reasons. Some of 
these reasons are as follows: 

- Improper pipe centralization 

- Improper mud conditioning prior to cementing 

- Improper removal of mud during cementing 

- Cement contamination by mud 

- Cement-mud incompatibility (excess viscosity 
at interface) 

- Loss of fluid from cement slurry 

- Gas cutting of cement prior to set 

- Lost circulation before or during cementing 

- Breakdown of zones after cementing (fallback) 

- Salt and coal sections 

- Washouts 

- Pipe surface finish 

- Improper flow regime 

The shoe of the 8 5/8-inch casing will be set ap-
proximately 30 feet into the Saline Zone with the 
cement top extending across the dissolution surface 
and into the Leached Zone. Bookquality data for 
the leased area indicates that the lower half of the 
100-foot cementing interval is fractured and rubblized. 
Portions of the remaining 100 feet are composed of 
nahcolite, nahcolitic halite, and nahcolltic oil shale 
subject to dissolution by the drilling fluid, casing 
pack, and cement. 
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An anticipated occurrence as a result of forming solu-
tion mined cavities Is the collapse of cavity roofs. 
Caving of the overlying strata into the cavity would 
extend vertically until the cavity was bulked full. 
The predicted height of the caving Is 53 feet which 
would extend through the dissolution surface into the 
leached zone. Since the bottom 50 feet of the 
100-foot cementing Interval presents the greatest op-
portunity for cement bonding, isolation of the cavity 
would be severely jeopardized if caving was to occur. 

Subsequent horizontal drilling will occur that will fur-
ther jeopardize what little Integrity, If any, the 
100-foot annular column of cement exhibits. Many 
surface casing shoes In oil and gas wells have been 
"wobbled off" for lack of adequate cement jobs. 

Placement of the 100-foot cement column must occur 
with proper borehole preparation and displacement 
techniques,	 and precise volumetric measurements, 
taking hole enlargements Into consideration. A 
100-foot column of cement does not leave much room 
for error given the operational difficulties with plac-
ing the cement and the importance in obtaining a 
good cement job. SVRC claims that the 100-foot 
column of cement will effectively seal the mining 
cavity from the above annular region and support two 
strings (5 1/2 and ii 5/8 Inches) of casing. fiLM has 
no argument with WRC about the cement bonding 
necessary to support the weight of the casings; 
however, exception Is taken to their statements about 
Isolation of the mining cavity. 

The IlL Ii believes the 100-foot annular column of ce-
ment will not provide an adequate barrier between 
the mining cavity and the annular region behind the 8 
5/8ineh casing. Therefore, increasing the total an-
nular cement column length from 100 feet to 
250 feet with confirmation of the cement job ob-
tained by running a Cement Evaluation Tool log or 
equivalent log is deemed necessary and will be 
required. 

Hole abandonment is dictated primarily by the type of 
completion program used. The fiLM has no objection 
to the use of mud between cement plugs within the 
borehole. They did, however, object to the use of 
mud in place of cement .vhen attempting to per-
manently secure the weilbore and provide resource 
isolation or protection. They state that the regula-
tions and lease terms do not allow plugging proce-
dures that provide temporary or speculative resource 
protection or isolation. 

The WRO provided some background on the type of 
plugging gel they propose to use In their appeal of 
the mitigating measures. The product is a sodium 
bentonite-polymer base compound (Shur-gel mud con-
ditioner, a product of NL $iaroid/UL Industries Inc.). 

Considering the potential for gas migration from oil 
shale regions or water influx from the aquifers, and 
development of the oil shale, fiLM believes the plug-
ging of critical intervals within the well bore should 
be accomplished with cement.	 Therefore, until the

mud gel technique is satisfactorily demonstrated, the 
use of cement will be presumed for the commercial 
project.

# # # Ii 

FINAL ENVIRONMENTAL IMPACT STATEMENT 
ISSUED FOR UNOCAL PHASE II 

Although there is no prospect of the project proceed-
ing at this time, the environmental review process 
grinds on for Unocai's proposed expansion of Its 
Parachute Creek oil shale operation to an output of 
80,000 barrels per day. Unocal had submitted an ap-
plication for a United States Army Corps of Engineers 
(COE) Section 404 Permit to place fill material In the 
mairistem of Parachute Creek to construct a reservoir 
for Phase II operations. The Sacramento District of 
the Corps of Engineers issued a draft Environmental 
Impact Statement (DEIS) in 1986 (see Pace Synthetic 
Fuels Report, September, 1086, page 2-31). The Final 

191S was issued May 29, 1927, and contains the com-
ments received during the review period. 

Few significant changes were made in response to the 
comments received. A table summarizing the analysis 
of threatened and endangered species, which had been 
inadvertently omitted from the DEIS, was added. It 
did not suggest any major problems with threatened 
and endangered species on the project site. Product 
pipelines could have more of a problem. 

Criticism from the Colorado Department of Natural 
Resources and several environmental groups contend 
that the Corps should wait until Unocal is actually 
ready to go ahead with Phase II before granting ap-
proval for the 404 permit. But the Corps responded 
that It is fortunate to have the lengthy lead-in time 
to do the study properly. 

"The creation of a large-scale oil shale industry is a 
complex undertaking. It requires considerable time 
and effort on the part of alL parties concerned to in-
sure that sound environmental and socioeconomic deci-
sions and policy concerning the industry are made", 
according to the Corps' response. 

"In the case of shale oil, it is fortunate that cir-
cumstances have allowed this planning to occur far Ia 
advance of construction," it said. 

The impact statement, which took five years to com-
plete, and subsequent permits can be updated when 
Unocal gets ready to begin the project. 

Unocal may proceed with the reservoir soon after the 
Section 404 Permit is issued even though the rest of 
the project may be years away. 

The issuance of the Section 404 Permit likely will end 
the Corps of Engineers involvement in Phase II, but 
Unocal still has to obtain several other permits before 
proceeding. Those include air quality permits. 
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that air pollution 
exceed allowable 
means that other 

area could be cur-
emissions would 

The state's Air Pollution Control Division has already 	 The final impact statement found 
given its approval, but Unocal is awaiting United 	 emissions from the plant won't 
States Environmental Protection Agency authorization, 	 limits, but will come close. 	 That 

industrial growth in the immediate 
tailed because the total of the 
exceed the limit. 
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WATER 

COMPANIES FILE FOR WATER RIGHTS IN OIL 
SHALE AREA 

Recent activities reported by the Water Clerk in 
Glenwood Springs, Colorado include the following: 

Tosco Corporation 

87CW071 Application for Quadrennial Finding of 
Reasonable Diligence for the Camp Bird No. 12 
Well located in the NEI4NE/4 of Section 9, T. 4 
S., R. 95 W., Rio Blanco County, Colorado. 
Source:	 a well having a depth of 1050 feet
tributary to the West Fork of Shutte Gulch, a 
tributary of the White River. Appropriation date: 
September 6, 1973. On July 17, 1979 In Case No. 
W-3575 the Court awarded a conditional water 
right decree for 0.444 c.f.s. for domestic, livestock, 
irrigation, industrial, commercial, mining, environ-
mental, augmentation, recreation, storage and use 
of the water stored for these purposes. Applica-
tion contains a detailed outline of work performed 
during the diligence period. 

87CW072 Application for Quadrennial Finding of 
Reasonable Diligence for the Ohio No. 41 Well lo-
cated in the NW/45W/4 of Section 25, T. 4 S., R. 
93 IV., Rico Blanco County, Colorado. Source: a 
well having a depth of 770 feet, tributary to Whis-
key Gulch, a tributary of the White River. 	 Ap-
propriation date: August 22, 1977. On July 17, 
1979 in Case No. W-3576 the Court awarded the 
Application a conditional water right decree for 
.044 e.f.s. for domestic, livestock, irrigation, in-
dustrial, commercial mining, environmental, aug-
mentation, recreation, storage and use of the water 
stored for any of these purposes. Application con-
tains a detailed outline of work performed during 
the diligence period. 

87CW073 Application for Quadrennial Finding of 
Reasonable Diligence S for the Camp Bird t2A Well 
located in the NE/41VE/4 of Section 9, T. 4 S., R. 
95 ¶1., Rio Blanco County, Colorado. Source: a 
well having a depth of 1231 feet tributary to the 
West Fork of Shutte Gulch, a tributary of the 
White River. Appropriation date: October 4, 1973. 
On July 18, 1979 in Case No. W-3577 the Court 
awarded a conditional water right decree for 0.444 
c.f.s. for domestic, livestock, irrigation, industrial, 
commercial, mining, environmental, augmentation, 
recreation, storage and use of water stored for 
these purposes. Application contains a detailed 
outline of work performed during the diligence 
period. 

87CW074 Application for Quadrennial Finding of 
Reasonable Diligence for 50-20 Well located in the 
SW/43E/4 of Section 31, T. 2 5., R. 96 IV., Rio 
Blanco County, Colorado. Source: a well having a 
depth of 987 feet, tributary to Piceance Creek, a 
tributary of the White River.	 Appropriation date:

December 1, 1974. On July 17, 1979 In Case No. 
W-3543 the Court awarded a conditional water 
right decree for 1.333 c.f.s. for domestic, livestock, 
irrigation, industrial, commercial, mining, environ-
mental, augmentation, recreation, storage and use 
of water stored for these purposes. Application 
contains a detailed outline of work performed 
during the diligence Period. 

87CW075 Application for Quadrennial Finding of 
Reasonable Diligence for TO 71-4 Well located in 
the NW1/4/SW1/4 of Section 6, T. 4 S., R. 96 W., 
Rio Blanco County, Colorado. Source: well having 
a depth of 2,050 feet tributary to West Stewart 
Gulch, a tributary of the White River. Appropria-
tion date: December 3, 1971. On April 30, 1979 
in Case No. W-3562, the Court awarded a condi-
tional water right decree for 0.888 c.f.s. for 
domestic, livestock, irrigation, industrial, commer-
cial, mining, environmental, augmentation, recrea-
tion, storage, and use of water stored for these 
purposes. Application contains a detailed outline of 
work performed during the diligence period. 

87CW076 Application for Quadrennial Finding of 
Reasonable Diligence for TO 71-3 Well located in 
the NEI/4/NSVI/4 of Section 29, T. 3 8., R. 96 IV., 
Rio Blanco County, Colorado. Source: a sveli 
having a depth of 1,035.5 feet, tributary to West 
Stewart Gulch, a tributary of the White River. 
Appropriation date: December 13, 1971. On 
August 2, 1979, in Case No. W-3561 the Court 
awarded a conditional water right decree for 0.444 
c. f.s. for domestic, livestock, irrigation, industrial, 
commercial, mining, environmental, augmentation, 
recreation, storage, and use of water stored for 
any of these purposes. Application contains a 
detailed outline of work performed during the 
diligence period. 

87C W077 Application for Quadrennial Finding of 
Reasonable Diligence for TO 71-5 Well located in 
the N Eu/4/N E1/4 of Section 33, T. 3 S., R. 96 IV., 
Rio Blanco County, Colorado. Source: a well 
having a depth of 901.50 feet tributary to Middle 
Stewart Gulch, a tributary of the White River. 
Appropriation date: November 29, 1071. On July 
17, 1979, in Case No. W-3563 the Court awarded a 
conditional water decree for 1.111 c.f.s. for domes-
tic, livestock, irrigation, industrial, commercial, 
mining, environmental, augmentation, recreation, 
storage and use of water stored for these purposes. 
Application contains a detailed outline of work per-
formed during the diligence period. 

87CW078 Application for Quadrennial Finding of 
Reasonable Diligence for Liberty Bell No. 12 Well 
located in the SE/4,3E/4 of Section 18, T. 4 5., R. 
95 IV., Rio Blanco County, Colorado. Source: a 
well having a depth of 937 feet, tributary to the 
Middle Fork of Story Gulch, a tributary of the 
White River.	 Appropriation date:	 December 5, 
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1972. On July 18, 1979 in Case No. W-3578 the 
Court awarded the Applicant a conditional water 
right decree for 0.888 c.f.s. for domestic, livestock, 
irrigation, industrial, commercial, mining, environ-
mental, augmentation, recreation, storage and use 
of the water stored for these purposes. Applica-
tion contains a detailed outline of work performed 
during the diligence period. 

87C W079 Application for Quadrennial Finding of 
Reasonable Diligence for the Miller Creek Pumping 
Pipeline located on the South Bank of the White 
River in the NWI/4 of the NW1/4, Section 30, T. 1 
S., R. 92 W., Rio Blanco County, Colorado. 
Source: the White River and its tributaries. Ap-
propriation date: September 30, 1979. On April 
11, 1983, as amended on November 13, 1985, in 
Case No. 790W355, the Court awarded a condi-
tional water right decree for 100 c.f.s. for in-
dustrial, mining, retorting, refining, dust control, 
reclamation, domestic, municipal, recreational and 
irrigation uses. Application contains a detailed out-
line of work performed during the diligence period. 

87CW132 Sylvan Spring and Moo Pond Spring in Gar-
field County. Sylvan Spring is located in 555W, 
Section 21, T. 4 S., R. 98 W. Moo Pond Spring is 
located N WN Vi, Section 35, T. 4 S., R. 98 W. 

Sylvan Spring is a spring tributary to West Hunter 
Creck/Piceance Creck/White River. Moo Pond Spring 
is a spring tributary to East Hunter Crcek/Piceance 
Creek/White River.	 The date of initiation of Ap-
propriation is May 23, 1987. Appropriation was in-
itiated by staking location of springs and posting 
Notices of intent to appropriate spring sites. 

The date applied to beneficial uses is prior to 1987. 
The amount claimed for Sylvan Spring is 0.18 c.f.s. 
absolute and for Moo Pond Spring is 0.14 c.f.s. ab-
solute. 

The proposed use is livestock watering and wildlife 
purposes. These springs are not for irrigation. These 
springs have historically been used as a source of 
water for livestock and wildlife in the area. Ap-
plicant intends to continue this historic use. 

Tosco received patent title to the lands on which 
these springs are located in November, 1906. Prior 
to this time, the land was owned by the United 
States of America and leased for grazing by the 
Bureau of Land Management. The United States of 
America (Bureau of Land lianageinent) had filed an 
Application for absolute water rights on these springs 
in Case No. 82CW343. Pursuant to a settlement 
agreement entered into on August 4, 1986, between 
the United States and claim owners the United States 
is to withdraw or relinquish its claim to these water 
rights. 

Industrial Resources, Inc 

87CW139 Application for Quadrennial Finding of 
Reasonable Diligence - Wolf Ridge Pipeline In Rio 
Blanco County. A conditional water right for Wolf

Ridge Feeder Pipeline was originally decreed in 
Case No. W-459 on August 23, 1973. Quadrennial 
findings of reasonable diligence have been obtained 
in Case Nos. W358-75, 11-459-75, 79CW144, and 
83CW154. The point of diversion is located on the 
left bank of the White River Tract 46, Section 34, 
T. 2N., R. 97 W. The source of the water is the 
White River and the amount is 100 cubic feet per 
second.	 The Appropriation date is November 199 
1966. The water right will be used to fill the 
Wolf Ridge Reservoir, after which such right will 
be used for domestic, municipal, industrial, includ-
ing all uses pertaining to production of oil and 
other products from oil shale, Irrigation, and other 
beneficial uses. This water right will be primarily 
used in the development of Industrial Assets, Inc.'s 
federal sodium lease on 8,358 acres, or ap-
proximately 13 square miles, in the Piceanee Creek 
Basin, Rio Blanco County, Colorado. Applicant as-
serts that the water rights attributable to Industrial 
Resources Well 0-14-1-1 ( Case No. W-2880), In-
dustrial Resources Well No. 0-14-1-2 (Case No. IV-
2885), Industrial Resources Well D-20-1-1 (Case 
No. W-2884), industrial Resources Well D-20-1-2 
(Case No. W-2887), Dunn Well No. 20-1 (Case No. 
W-1925), Colorado Minerals Well No. 14-1 (Case 
No. W-1923), Savage Well No. 24-1 (Case t40. Vi-

1924), Colorado Minerals Well No. 28-1 (Case No. 
W-1922), Wells MM C-IRI 4 through lIMO-I RI 8 
(Case No. 82CW429) and the water right that is 
the subject of this application constitute an in-
tegrated water system to supply development of 
the sodium lease tract. Consequently, development 
work on any of the foregoing water rights con-
stitutes development work on the other water 
rights located on or in the vicinity of the sodium 
lease. In furtherance of the development of the 
sodium lease and this water right, Applicant has 
performed extensive investigations of the aquifers 
underlying the sodium lease. 	 The hydrogeologic
studies have required the construction of several 
test holes and extensive collection of data. One 
June 27, 1984, the Colorado State Engineer ap-
proved a hydrology study for Wolf Ridge Reservoir. 
The study included a determination of the probable 
maximum flood for the reservoir. During 1983 and 
1984, Applicant constructed and operated a pilot 
plant for solution mining of nahcolite. The solution 
mining process produces sodium bicarbonate and 
requires water for dissolving, 	 transporting and
processing the sodium bicarbonate out of the nah-
colite. A larger pilot plant has received the 
necessary permits, and the subject water rights will 
be a vital part of the operation of the plant. it is 
anticipated that the larger pilot plant will begin 
operation in 1987. in addition, applications for 
mining permits have been submitted for a eommer 
clal plant and an Environmental Impact Study was 
submitted by the Bureau of Land Management on 
May 20, 1986. Nine engineering and consulting 
firms have been involved in extensive environmental 
monitoring, hydrologic and geologic analyses, and 
engineering design and economic and market 
evaluations required for the development of tile 
subject water rights. During the period from June 
1, 1983 to June 30, 1987, Applicant has incurred 
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engineering, consulting and legal expenses In ac-	 TABLE I 
complishing the foregoing activities in excess of 
$3,094,598.00.	 APPROPRIATION DATES 

870 W140 Application for Quadrennial Finding of 
Reasonable Diligence - Wolf Ridge Reservoir in Rio 
Blanco County. A conditional 'voter right for Wolf 
Ridge Reservoir was originally decreed in Case No. 
W-358 on November 19, 1971. Quadrennial findings 
of reasonable diligence in the development of the 
Wolf Ridge Reservoir water right have been ob-
tained in Case Nos. W-358-75, 79CW143, and 
83CW153. The high water line of the reservoir in-
cludes parts of Sections 12, 13, and 24, T. 1 S., 
R. 98 W. of the 6th P.M. The source of the 
water is an unnamed creek tributary to Yellow 
Creek, and from the White River. The amount is 
7379.70 acre feet and the appropriation date is 
November 13, 1966. The water right will be used 
for domestic, municipal, industrial, Including all 
uses pertaining to production of oil and other 
products from oil shale, irrigation, and stock water-
ing. Actions taken to demonstrate reasonable 
diligence are the same as for the Wolf Ridge 
Pipeline. 

Cathedral Bluffs Shale Oil Company 

87CW085 Application for Quadrennial Finding of 
Reasonable Diligence - C-b Well Dewatering System 
No. 1 in Rio Blanco County. The names of the 
structures and the description of the conditional 
water rights are contained in the Tables 1, 2, 
and 3. The application contains a detailed outline 
of work performed during the diligence period. (7 
pages). The date of original decree is May 0, 
1979, Case No. W-3493, Water Division No. 5. 
Listed uses are dewatering, monitoring, industrial, 
mining, retorting, refining, manufacturing, stream 
fLov, augmentation, 	 providing of replacement
waters, substitute supply, reinjection, dust control, 
land reclamation, 	 irrigation,	 land application,
domestic and all other beneficial uses.

Well Date of Well Date of 
No.	 Appropriation No. Appropriation 

A-3 10/75 30-10 6/11/74 
A-5 10/75 SG-10a 7/10/74 
A-7 10/75 SG-11 7/26/74 
A-9 10/75 SG-3 10/20/74 
A-b 10/75 50-9 9/30/74 
A-11 10/75 5013a 10/18/74 
A-12 10/75 50-19 10/18/74 
AT-1 6/24/74 SO-I 11/4/74 
AT-1a 6/17/74 50-17 11/10/74 
AT-1ai 7/10/74 50-21 12/16/74 
AT-lb 7/17/74 C-b-1 11/72 
AT-ic 0/13/74 C-b-2 11/72 
AT-id 7/23/74 C-b-S 11/72 
50-0 8/01/74 C-b-4 it/72 

Ventilation-Escape Shaft 02/77 
Service Shaft 02/77 
Production Shaft 02/77

TABLE 2

MflJWfl CLAI MED 

Amounts	 Mounts 
Well	 Claimed	 Vicll	 Clalmad 

(gpfl)	 (gpfl) 

A-3	 160	 50-10	 200 
A-S	 583	 S0-10a	 200 
A-7	 23	 SG-11	 175 
A-U	 10	 SC-U	 494 
A-iC	 280	 30-9	 274 
A11	 15	 SC-18a	 100 
A-12	 258	 30-19	 500 
AT-1	 500	 50-1	 340 
AT-la	 300	 50-17	 134 
AT-lal	 250	 30-21	 292 
AT-lb	 200	 C-b-b	 386 
AT-1c	 420	 C-b-2	 326 
AT-1d	 350	 C-b-S	 350 
30-6	 224	 C-b-4	 230 

Ventilation-Escape Shaft	 10,500 
Service Shaft	 101500 
Production Shaft	 10,500 

Note: It is not anticipated that all 
shafts simultaneously will produce the 
rate of flow shown. 

* in Case No. 8301109, this Court made absolute a 
total of 1,773 gallons per minute (3.033 c.f.s.) 
out of the Ventilation-Escape Shaft, the Service 
Shaft, and the Production Shaft collectively. 

2-36	 SYNTHETIC FUELS REPORT, SEPTEMBER 1987 



TABLE 3

NAME OF STRLETURES, ILEATICt4, DEPTH, AND SOURCE 

Coordinates 
Well Feet frc.n Depth 
No, Sec I ft FM Section Line Ft. Source 

A-3 2 35 97W 6 900'S 1550'E 107 Alluvium 
A-S 36 25 97W 6 2200'N 650'E 66 Alluvium 
A-7 5 3S 96W 6 150'N 1300'W 51 Alluvium 

9 35 96W 6 2250'S 2600'E 57 Alluvium 
A-10 16 35 96W 6 2400'N 255011 67 Alluvium 
A-il 0 35 96W 6 2300'N 1000'E 66 Alluvium 
A-12 17 3S 96111 6 350'S 21506 81 Alluvium 
AT-1 7 35 9611 6 1411'S 1585'W 1700 Upper & Lower 
AT-la 7 3S 96W 6 1389'S 1509'W 1350 Upper 
AT-tai 7 35 96111 6 1396'S 1501 1 W 1320 Upper 
AT-lb 7 35 96W 6 1365'S 1676'W 1330 Upper 
AT-lc 7 3S 96W 6 1477'S 1662'W 1640 Upper & Lower 
AT-id 7 35 96W 6 1327'S 1532'W 1350 Upper A Lever 
506 7 35 96W 6 2523'5 2251'W 2208 Laver 
50-10 13 35 97W 6 97'N 184'E 1500 Layer 
SO-lOu 13 35 97W 6 97'N 194'E 1333 Layer 
SG-11 7 35 9611 6 12'N 160'E 1928 Upper & Layer 
SG-3 9 3S 96W 6 2301'S 2600'IV 2608 Upper & Layer 
50-9 it 35 97W 6 1222'S 461'E 2324 Upper A Layer 
SG-13a 25 3S 97W 6 1240'S 375'E 1330 Upper 
30-19 5 35 96W 6 140'N 457'W 920 Upper 
30-1 2 33 0711 6 1413'S 1942'E 1726 Upper & Layer 
36-17 16 35 96W 6 438'W 181'S 1853 Upper & Layer 
50-21 13 35 97W 6 211'S 1530'E 1036 Upper 
C-b-1 1 35 97W 6 1153'S 1015'11 2079 Layer 
C-b-2 6 3S 96W 6 1589'S 1300'E 1320 Upper 
C-b-3 5 35 96W 6 1089'S 2531'E 2122 Upper & Layer 
C-b-4 17 35 96W 6 1451'S 96017 1468 Upper & Layer 

Ventilation-
Escape 
Shaft 1 35 97W 6 3150'N 3600W 1323 

Service 
Shaft 12 35 9711 6 1200'N 30504V 1962 

Production 
Shalt 12 35 9711 6 1500'N 2950'%V 1962 

Note: The above structures are icnavn collectively as the C-b Well Dewatering 
System No.	 1. In the original decree there were two additional structures,	 the 
Teitporary Gas Shaft and the Process Gas Shaft, each decreed for 509 gpm with an 
appropriation date of 2/77. These structures have been deleted Iran the C-b 
Well Davatering System No. I because they are no longer part of the Applicant's 
project design.

if if if if 
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HEARING HELD ON RUEDI RELEASES FOR 
ENDANGERED SPECIES CONSERVATION 

In May the United States Department of the Interior, 
Bureau of Reclamation, held a public meeting in 
Basalt, Colorado, to discuss the proposed Ruedi En-
dangered Species Conservation Releases and Round II 
Water Sales, 

In 1982, after the Bureau had completed the Ruedi 
Round I water sales, It was determined that additional 
water sales from Ruedi Reservoir could have sig-
nificant environmental impacts. The Bureau therefore 
prepared an CA (Environmental Assessment) to 
evaluate the projected impacts. 

Work in several areas was considered necessary to 
address the issues and concerns. The major topics in-
cluded in the EA were hydrology, aquatic biology, ter-
restrial biology, threatened and endangered species, 
and recreation. The EA was published In June 1983, 
distributed to the public, and comments were 
solicited. Then a DSES (Draft Supplemental Environ-
mental Statement) to the Final Environmental State-
ment on the Fryingpan-Ar;cansas Project was prepared. 
The impact evaluations included in the OSES were 
based on a "worst case scenario" where all the 
projected water available for sale had been sold and 
was being delivered as potential users indicated their 
demand would occur. Tile OSES Gas published Oc-
tober 3, 1983, distributed to the public, and comments 
were solicited. 

In June of 1984 9 the Bureau entered into endangered 
species consultation with the FWS (Fish and Wildlife 
Service), as required by the Endangered Species Act 
of 1973, concerning the proposed sale of water from 
Rued! Reservoir. During the consultation process, the 
Bureau requested the FWS to combine the proposed 
biological opinions for Rued! Round II and Green 
Mountain water sales. The respective proposed sales 
are 51,500 acre-feet from Rued! and 22,800 acre-feet 
from Green Mountain Reservoirs. In July of 1986, 
the FWS distributed a draft combined biological 
opinion, which suggested 10,000 acre-feet of releases 
from Rued! Reservoir for the conservation of 
Colorado River endangered fishes. The Bureau would 
withhold 5,000 acre-feet of the 51,500 acre-feet from 
sales. The water withheld from sale would be treated 
as if it were subject to contract to an industrial user. 
Also, an additional 5,000 acre-feet of water would be 
made available for endangered fish flows from Ruedi 
In the months of July through October through 
modified operation of Rued! Reservoir.	 This
5,000 acre-feet will be provided by the Bureau on an 
average of four out of five years. The FWS is to 
request the endangered fish flows over a 60-day 
period, during the July 1 to September 30 period, but 
specific requests will be determined by the FWS in 
consultation with the Bureau before June 15 of each 
year. The purpose of these flows is to offset 
cumulative and site specific impacts of the proposed 
Green Mountain and Rued! Reservoir water sales on 
endangered fishes in the Upper Colorado River. Typi-
cally, the proposed releases are intended to enhance 
Colorado Squawfish spawning and recruitment in the

Colorado River. These releases from Rued! Reservoir 
are also a component of a comprehensive program for 
recovery of endangered fish in the Upper Colorado 
River Basin. 

The Bureau Is adding an evaluation of the Impacts of 
the proposed conservation measures to the final en-
vironmental statement. The May 12 Public meeting 
was conducted to provide Information on the projected 
Impacts the endangered species conservation measures 
would have on the fishery and recreational resources 
of the Rued! Reservoir area. 

Ruedi Reservoir Impacts 

The no action alternative represents the optimal 
operations for recreation and fishing because the 
reservoir levels are not drawn down through the criti-
cal summer heavy use season and relatively continuous 
releases are made which benefit Fryingpan River fish-
ing. Reservoir levels for the no action alternative 
remain more than 80 percent full (85,000 acre-feet of 
storage) at the end of August during 32 out of every 
33 years.	 This provides for maximum surface area
for boating activity. 

Many recreational facilities at Ruedi are designed to 
operate only at relatively full reservoir levels; they 
are inoperable or their usefulness Is greatly diminished 
at storage levels below 85,000 acre-feet. At a reser-
voir level below 52,000 acre-feet all reservoir boat 
ramps are out of the water. 

Under the existing conditions, there is a three percent 
probability of the reservoir dropping below 
85,000 acre-feet at the end of July or August and 
less than one percent chance of It going below 
52,000 acre-feet. 

If the proposed water additional sales are imple-
mented by the end of July it is projected that Rued! 
Reservoir levels would drop below 85,000 acre-feet in 
two out of 36 years, or approximately a si'c percent 
probability, and with a 17 percent probability at the 
end of August. If then the water releases for con-
servation of endangered species are added, the prob-
ability of reservoir levels dropping below 35,000 acre-
feet would be eight percent in July and 25 percent in 
August. 

Public Hearing 

Comments received at the public hearing were mostly 
concerned with the effect on water sports. Fisher-
men, boaters and water skiers were all opposed to 
making any sacrifice in their activities for the sake 
of saving endangered species. The prevailing opinion 
seemed to be - that the 10,000 acre feet should be 
utilized to maintain water sports rather than fish. 
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LEGISLATION PLACES MORATORIUM ON 
PATENTING OIL SHALE LANDS 

Oil Shale claim legislation moved closer to enactment 
as a result of action in the United States Senate in 
late June. The Senate, by a 94 - 1 vote, adopted an 
amendment to the Fiscal 1987 Supplemental Ap-
propriations Act (11.71. 1827) prohibiting the use of 
funds before March 31, 1088, to issue patents for oil 
shale claims located before enactment of the Mineral 
Leasing Act. 

However, ten pending patent applications in Colorado 
were exempted from this amendment, which was of-
fered by Senator John H etcher of Montana. 

The legislation allows patents to be granted for oil 
shale claims already in process on 11,409 acres. 

Suspension of the public land sales is intended to al-
low the Senate to hold hearings, out of which could 
come strong legislation similar to a recently passed 
House bill. 

New patent applications may be filed and processed in 
the interim, but final approval must be held up, if 
the House agrees, until after March 31, 1008. 

As a practical matter, entirely new patent applica-
tions would undoubtedly take longer than until March 
1008 to process anyway. The legislation does provide 
a clear block against new applications achieving 
vested or grandfather rights if changes In the mining 
law are eventually passed. 

The ttahall bill, introduced into the House of Repre-
sentatives (see accompanying article) would change 
the 1872 lIming Law to prevent further Issuance of 
oil shale land patents. 

RECORD OF DECISION ISSUED FOR PICEANCE 
BASIN RESOURCE MANAGEMENT PLAN 

The United States Department of the Interior, Bureau 
of Land Management (DLII), White River Resource 
Area, has issued a Record of Decision to approve the 
Bureau's resource management plan (It riP) for the 
Picenncc Basin Planning Area of the White River 
Resource Area. This plan was prepared under the 
regulations for implementing the Federal Land Policy 
and Management Act (FLPMA) of 1976. An environ-
mental impact statement (EIS) was prepared for this 
plan in conformance with the National Environmental 
Policy Act (NEPA) of 1060. The plan adopted is 
identical to the one set forth in the proposed plan 
and associated final EIS (Volume 3) published in March 
1985, except for three modifications. These modifica-
tions are discussed under the heading Resolution of 
Protests.

In addition, cultural resource management priority 
areas (MPAs) have been deleted from the RMP. The 
reason for this is that federal regulations already 
require that priority management consideration be 
given to cultural resources on all land use actions 
authorized or proposed by ELM, therefore, MPAs for 
cultural resources are redundant and unnecessary. 
Significant cultural resource sites which are listed on 
the National Register of Historic Places are included 
In Mandatory Protection Area MPAs. 

Modifications were made as a result of protests the 
ELM received on the proposed plan, refined guidance 
received on ACECs (areas of critical environmental 
concern) from ELM's Washington Office, and internal 
review. 

Alternatives 

Five land use alternatives were developed: 

- The Current Management (No Action) Alternative 
- The Wildlife Alternative 
- The Oil and Gas Alternative 
- The Oil Shale Alternative 
- The Preferred Alternative (Proposed Plan) 

The Oil Shale Alternative placed management en-
phasis on the development, production, and transporta-
tion of oil shale and other associated minerals. 
Management priority would be directed toward making 
lands available for commercial oil shale leasing by 
private industry as demand and economics dictate. 
Minimum management of renewable resources would 
generally occur under this alternative. 

The Proposed Resource Management Plan (Preferred 
Alternative) attempts to balance all land uses and 
resource values. This Is the plan adopted by the 
Record of Decision. 

Members of the public recommended that a National 
Wildlife Refuge be established for the Plceance Basin 
mule deer herd. This was determined to be unneces-
sary and contrary to HLI.I's commitment to multiple-
use management of the public lands. Similarly, a 
recommendation that all critical wildlife winter range 
be designated as an ACEC was not analyzed in detail, 
but was rejected as not implementable within the 
management guidelines or intent of the ACEG 
program. 

Following public review of the Draft Pieeance Basin 
It M P/E1S, a "Citizens' Alternative" was proposed by 
numerous environmental groups. This proposed alter-
native incorporated concepts from all of the five al-
ternatives that were analyzed in detail in the draft, 
plus additional ideas. It was determined that this al-
ternative was qualitatively within the scope of the 
five alternatives developed and analyzed in the RMP 
and therefore did not warrant further analysis. All 
new points or suggestions within the proposed 
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Two protests were received from local 
governmental entities on the deletion in the 
proposed it hIP of a provision contained In the 
draft requiring future oil shale lessees and 
"the affected governments" to develop a 
mutually agreeable socioeconomic impact 
mitigation plan at the time the lessee submits 
a detailed development plan to the DL hi. In 
order to resolve this concern, the following 
stipulation is Incorporated into the plan: 

"The lessee shall comply with all state and 
local laws governing any class of activity 
undertaken on the lease in the exercise of 
lease rights, including permits and license 
laws, except that such laws apply only to 
the extent they do not impermissibly con-
Met with the achievement of a congres-
sionally approved use of federal lands." 

As a result of protests on land exchange deci-
sions in the proposed a li p , the plan now con-
tains the following statement: "The Secretary 
of the Interior has the discretion to allow ex-
changed or leased oil shale research lands to 
be rcdeineatcd or expanded to a commercial-
sized lease at a later date should improved 
multi mineral resource recovery technology be 
proven. 

Five protests were received on the proposed 
ft hi P/final US that disagree with the decisions 
regarding areas of critical environmental con- 
corn (AC CC) md protection of important 
plant resources in the Piceance Basin. Based 
on refined guidance and direction received 
from BLM's Washington Office and in con-
sideration of the protests, a reanalysis of all 
20 of the areas identified by The Nature Con-
servancy for possible designation as AdiOs 
was completed. Following the reanalysis, the 
public was notified of the proposed ACEd 
decisions through, 1) publication of a notice in 
the Federal Register, 2) the mailing of an in-
fort-nation bulletin, and 3) a media news 
release. A GO-day public comment period was 
held and ten individual comment letters were 
received.	 Although all substantive comments 
were considered and responded to, 	 the 
proposed decisions were not changed. As a 
result of the reanalysis, the following deci-
sions are now contained in the plan:

a. Five areas are designated as ACECs (two of 
the initially Identified areas are combined into 
one ACEd). The five are located In Rio 
Blanco County, total 6,635 acres, and Include 
Deer Gulch, Dudley Bluffs, Lower Greasevood 
Creek, South Cathedral Bluffs, and Yanks 
Gulch/Upper Greasewood Creek. 

Allow for potential future open pit oil shale 
leasing (In addition to Tract C-a and proposed 
extension) on approximately 27,303 acres 
within the open pit oil shale NPA so as not 
to interfere with the potential C-a migrating 
pit and when assured that off-site disposal 
needs can legally be met (Figure 1). Careful 
consideration will be given to potential con-
flicts with other developments, to the oil and 
gas and oil shale resource values that might 
be foregone by open pit mining or off-site 
spent shale disposal, to the cumulative en-
vironmental impacts of more than one open 
pit in such close proximity, and to various 
other environmental concerns and constraints. 

Allow for future oil shale leasing for under-
ground mining on approximately 207,205 acres 
within the underground oil shale MPA and 
other compatible MPAs (Figure 2). The loca-
tion and configuration of any specific future 
leases within the hi PA will be determined by 
formal expressions of interest fro,n industry. 

'Citizens' Alternative" were considered and addressed 
In Volume 3 of the Proposed RIIP/Flnal US. 

Resolution of Protests 

BLM received ten protests to the plan. These 
protests involved concerns about socioeconomic impact 
mitigation, oil shale land exchange decisions, protec-
tion and designation of rare plant values, hydrology 
impacts, environmental impact statement alternatives, 
and planning criteria. All protests were resolved. As 
a result, the proposed plan was approved with some 
changes. The changes are described below. 

b. The Soldier Creek area will be designated as 
an ACEC if the State of Colorado designates 
Its adjoining acreage. 

c. The School Gulch area will be designated as 
an ACEC if ongoing monitoring indicates it is 
necessary. 

d. Twelve initially identified areas will not be 
designated as ACids. 

The oil shale management components of the adapted 
plan are presented in the following sections. 

Oil Shale Objectives 

- Provide for prudent, planned future leasing 
and development of the oil shale resource 
within the planning area. 

- Base future tract delineations and leasing 
primarily upon demand and the progress and 
success of edsting prototype tracts. 

- Limit future leasing and development to 
designated oil shale and other compatible 
management priority areas (MPAs). 

- Implement a sequential lease offering process 
whereby critical carrying capacities are not 
exceeded. 

Oil Shale Planned Actions 
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FIGURE 1

LANDS POTENTIALLY AVAILABLE FOR OIL SHALE LEASING 

RANCEJ

I	 '	 '	
VEEKER 

I

_	 I 

OPEN PIT  

UNDERGROUND

 
____-----

- Reserve the multimineral oil shale zone, a 
76,595-acre area containing the thickest, 
richest oil shale deposits in the basin, from 
future commercial leasing (Figure 2) tint11 
technology has proven Improved recovery rates 
for oil shale and associated minerals,	 as 
determined by the FILM State Director. The 
only exceptions to this limit are Prototype 
Tracts C-il and 0-13, which have already 
been examined on a site-specific basis and are 
available for future leasing. In addition, the 
Secretary of the Interior has the authority to 
make available noncommercial resenrch tracts 
in the multirnineral zone in an effort to prove 
the success of multimineral recovery technol-
ogy.

- Oil shale leasing is excluded from the 
Piceance Dome area east of Piceance Creek 
because of the rich oil and gas deposits in the 
area and the unfavorable geologic setting for 
oil shale development. 

- Future oil shale lease offerings will he 
scheduled based on (1) demand, and (2) 
progress and success of existing federal leases 
and private oil shale projects in the region. 
Demand for speculative proposes will not be 
included in this determination. If there is a 
real demand and if it is determined that ex-
isting projects are developing diligently, a 
sequential Lease offering process will be fol-
lowed whereby critical environmental and 
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FIGURE 2 

MULTIMINERAL OIL SHALE ZONE 

MULTI MINERAL 

socioeconomic carrying capacities are not 
exceeded. 

The carrying capacity concept will be applied 
to future oil shale leasing and development 
within the planning area. Critical carrying 
capacities (thresholds) are identified for air 
quality, water quality, wildlife habitat, and 
population growth to nearby communities and 
are summarized in Figure 3. Real impacts 
will be continuously monitored as development 
occurs so as not to allow additional oil shale 
leasing if thresholds may be exceeded.	 A
project exceeding any one of the thresholds 
will not be leased or approved. Individual 
thresholds are not ranked and do not have 
priority over each other. Tradeoffs between 
thresholds will not be allowed.

Oil shale research tracts viil be analyzed 
based upon the merits of the proposed tech-
nology and the availability of alternate private 
lands. 

Mitigative measures vill be applied by BLM in 
the form of standard and special stipulations 
to minimize projected environmental and 
socioeconomic impacts from oil shale resource 
development. Standard stipulations will be 
applied at the leasing stage and will even- - 
tually come from the Programmatic Oil Shale 
Leasing Program. The standard stipulations 
will be built on the foundation established by 
the Prototype Oil Shale Program and all as-
sociated environmental and sociological re-
search efforts.	 Special stipulations will be
applied by ]JLM at the Detailed Development 
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FIGURE 3

SUMMARY OF CRITICAL CARRYING CAPACITIES IN THE PICEANCE BASIN 

RESOURCE	 MEASUREMENT	 THRESHOLDS	 REMARKS 
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monitoring and level which it deussomttatrd to have adverse innpacns on limit to devrtopmes.L but nazi tnrity to teasing. Currenity minting studies have 
diqrervion tvnieting. Air Quality Related Values (AQRV5) including visibility estimated these limits to repcesetvl a cumulative thute ml puoduction level fos Piceanee of 

and — dcswmirsoa in Class I areas. 3OX) to 4W.O t.rrelv per day. These estimates ant bass on amampuin of the 
genes.' devehopenesal ucenarits toe the region as add se specific technologies and pnr*cn 
pnoduction rater which are saal*el to change
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ihi, Otlernuinatisa 5-l55 	 entreat tale ci armual gnnmih Ireyouwi which wvaal change tn dimrutseire between and IS 

percent. depending ugwsn attitudes .5 coIner at factons 'sad lIne adequacy of innitigaticen. 
Ant ,fftciah would he consutted pritw to making. basing decision buried on 'carat and/ 

or economic carrying apathy. Pestponement of development or staggered leasing would 
he 'cosiNe alternatives if such overloading teemed grohubk 

W,hilree	 tiatsitat earning 	 The hahival needS 1° traimsain 24.900 	 deer 
capacity 10 vugona	 (24.650 AUMs), 
winlesing mule deer, rim 
public land is the 
Puccaneg Basun, 

Water Quality 	 Disctnrge water 	 Stream standards as rtrncnihed by NPDES permitting 
quality of individual	 reputations issued by the Slate of Colorado for tpedu.c 
lwt,ctts	 lr.t,ccts. Atttnwatnlo nuiltulant omntxntratirsnv tuned sn 

stream ratings as clansifird by the State of Colorado.

This figure is 83% of actual wirrteaing Picnnce Basin herd of yanon on at lands, the 
tvninitnnm acceptable herd sin agreed to by BLM and Cutloeado Division. of Wildlife. 
Actual lotando., sire and duration of surface disiunece affects ..at of leasing allowed. 
Stringrni wildtife habitat mitigation may he imposed instead  of peohihetion of leasing 
depending on actual aite.qrecille and ounnularise adverse impacts to mule deer. I/restock 
grazing roe would 501 be residual by the RIM an a wheel at mialifl the impacts of 
cssengy devebpnncssa in ceder to decrease livestork/wadlife forage competition or 10 
ntupptnaent feasge mailable to wildlife. Mitigation necenary to avoid dcvelcpnn.eni impacts 
from esceedirtg this threshold would he the nespovoihitily of the minerat lessee. sos RIM. 

Tite Colmnado Departrn.ems of Health-Water Quality Comm! Commisvson itsuact NPDFS 
permits on ave-by-case basis for pee*cct based on their analysis tin water quality of 
antk'iguted discharges. Pollutant discharges may rut tweed waler quality limits essabtistteni 
Sn the Oavaticatimrn and Numeric Standard,, Colorado Rivet Basin. Actual cumulative 
water quality impacts must be monitored to nate t.atysis is sufficient to determine 
whether to issue permit. 

Plan stage of analysis, as necessary, to mini-
mize potential impacts of development. The 
following socioeconomic impact mitigative 
stipu]ntion will he incorporated into any future 
oil shale leases; The lessee shall comply 
with all state and local laws governing any 
class of activity ttndertalen on the lease in 
the exercise of lease rights, including permits 
and lease laws, except that such laws apply 
only to the extent they do not Impermissibly 
conflict with the achievement of a congres-
sionally approved use of federal lands." 

Oil Shale Rationale 

The oil shale resource in the Piceance Basin, which is 
one of the richest deposits of its kind in the world0 
contains an estimated 1.2 trillion barrels of oil equiv-
alent. Although technological and economical con -
straints currently depress commercial development of 
this resource 0 its importance and viability In the fu-
ture cannot be overlooked, based on the imminent 
decline in conventional world oil reserves- In a na-
tional or world-wide crisis, shale oil may be needed 
as fast as industry can enter the market. Therefore0 
it is critically important to implement a cornprehen-
sive planning framework that will facilitate future oil 
shale development.

Oil Shale Implementation Needs/Priorities 

Although areas are identified as being available for 
future underground or open pit oil shale leasing, addi-
tional planning and environmental analysis will be 
required before offering any lands for lease. The ini-
tial location and configuration of any potential leases 
will be determined based on analysis of formal ex-
pressions of Interest from industry. BLM will only 
seek expressions of interest it there is a real demand 
for oil shale (cot for speculative purposes) and if ex-
isting federal oil shale lease tracts and private oil 
shale projects in the region are developing diligently. 

In order to implement the carrying capacity concept, 
an initial baseline will be established to provide a 
realistic projection of the present carrying capacity 
situation. This projection will be based on current 
development activities and projects likely to occur in 
the immediate future. Once established, baseline 
monitoring will be necessary to maintain accuracy. 
Monitoring will evaluate current mitigation or impact-
causing activities, which will affect the carrying 
capacity situation. The present carrying capacity will 
then be adjusted accordingly. 

Analysis of a proposed oil shale project will identify 
potential resource impacts from project development, 
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evaluate proposed mitigation, and determine resultant 
unmitigated impacts. Unmitigated impacts are con-
sidered part of cumulative Impacts and will be 
counted against the carrying capacity. Impacts will 
be assessed over the project duration. A decision will 
be made as to whether unmitigated impacts of the 
proposed project, in combination with baseline im-
pacts, will exceed any carrying capacity thresholds. 
A project within the threshold can then be completely 
analyzed for a leasing or approval decision. If leased 
or approved, the unmitigated impacts will be added to 
the baseline. A project exceeding the threshold will 
not be leased or approved as proposed. At that 
point, the lessee will have the opportunity to adjust 
the project and resubmit it for analysis of threshold 
coaf or inance. 

Mitigation evaluation in this analysis must be 
demonstrated as being successful and capable of 
achieving the level of mitigation assumed to be in 
conformance with carrying capacity thresholds. This 
mitigation would be considered committed if the ac-
tion were approved or the lease were issued. 

There are no Identifiable implementation priorities. 

OH Shale Monitoring 

An initial baseline will be established to provide a 
realistic projection of the present carrying capacity 
situation. This projection will he based on current 
development activities and projects likely to occur in 
the Immediate future. Once established, baseline 
monitoring will be necessary to maintain accuracy. 
Monitoring will evaluate current mitigation or impact-
causing activities,	 which will affect the carrying
capacity situation. 

Individual project impacts will be monitored to assure 
tile level of mitigation assumed in the analysis is 
achieved.	 Leasing or approval provisions will allow 
for assignment of additional mitigation, 	 should
monitoring reveal inadequacies. 

Oil Shale Support 

The carrying capacity thresholds (Figure 3) were es-
tablished by RLM with assistance from cooperating 
regulatory agencies. q Lfl will assume the lead role 
in use of this concept as a management tool In the 
decision making process for oil shalt? leasing. 
However, assistance from other government agencies, 
Vie public, lessees, and private developers will be 
necessary in establishing and maintaining specific 
methodologies	 for	 monitoring impacts affecting 
threshold levels. Assistance from these participants 
will also be necessary in data acquisition, interpreta-
tion of data, and conflict resolution. 

Sodium Minerals 

- Exclude all public lands in the planning area 
from further sojiun-only mineral leasing until 
existing sodium leases and any approved 
Preference Right Lease Applications are 
developed or a proven demand arises. Regard-
less, additional sodium-only leasing will not

occur if such development will reduce the fu-
ture recoverability of the oil shale resource. 

Multimineral recovery (sodium minerals and oil 
shale) will be encouraged within the multi-
mineral zone (Figure 2). In an effort to 
prove the success of multimineral recovery 
technology, the Secretary of the Interior has 
the authority to make noncommercial research 
tracts available. The Secretary also has the 
discretion to allow leased or exchanged oil 
shale research lands to be redetineated or ex-
panded to a commercial-sized lease at a later 
date should improved multimineral resource 
recovery technology be proven. 

Site-specific leasing restrictions to protect 
other resources will be Imposed before leasing 
or exploration where another resource is 
shown as having priority. 

- Multimineral Leasing (sodium and oil shale) will 
be allowed within the multimineral zone 
(Figure 2) once improved multlmineral 
recovery technology is proven, as determined 
by the BUd State Director. 

Recovery of the sodium minerals by conventional un-
derground methods could result in 50 to 80 percent of 
the total resource irretrievably left in tile ground. 
Although in situ recovery of naheolite by solution 
mining is currently being tested in the basin, there 
are looming questions concerning the effect such 
prototype mining will have on the future 
recoverability of the coexisting rich oil shale 
resource. Implementation of this action will minimize 
potentially foregone resources and will facilitate mar 
irnum	 recoverability	 of	 the	 rich	 multimineral
resources. 

In order to prove the success of ,nultimineral 
recovery (sodium minerals and oil shale), the 
Secretary of the Interior will have to make available 
research tracts within the muititnineral zone. Addi-
tional planning and environmental analysis will be 
required before offering any lands for lease or ex-
change.

it * $t it 

ELM RESUMES OIL SHALE LAND PATENTING 

The Bureau of Land Management of the United States 
Department of the Interior has resumed processing oil 
shale claims after passing the June 1 deadline it set 
for itself in an agreement with Congress. 

Interior made the agreement to appease certain mem-
bers of Congress who criticized the department for 
what they described as a "giveaway" of 82,000 acres 
of Colorado oil shale lands for $2.50 per acre. 
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The first patent issued since the moratorium was for 
320 acres that had been in dispute since 1960. This 
was the Mountain Boys 6 and 7 claims held by Shell 
Oil Company.

department has abrogated its true responsibility by 
placing natural resources In the hands of industry 
without demanding just compensation." 

BLd has said that it plans to proceed with the 
patenting process on the remaining 10 applications 
before it. These patent applications were exempted 
from the moratorium in an amendment attached to a 
supplemental appropriations bill passed in the Senate, 
(see related article elsewhere in this issue). The 
claims cover about 11,000 acres of Colorado oil shale 
lands, and are held by Tosco,	 Exxon,	 Unocal,
Marathon, and two private individuals. 

The interior Board of Land Appeals recently rejected 
one set of Unocal's claims. 

United States Representative Ben Nighthorse Campbell 
immediately attacked the BLM novas as "ignoring 
congressional Intent". However, the claims in ques-
tion are clearly exempted from the Senate-passed 
moratorium.

4 $144 

HOUSE PASSES RAHALL BILL TO ELIMINATE OIL 
SHALE LAND PATENTS 

Amendments to the Mineral Leasing Act (H.R. 1309) 
known as the Rahall bill, were passed by the United 
States House of Representatives in June by a vote of 
295-93. H.R. 1309 prohibits issuance of patents for 
any oil shale claim for which a patent application had 
not been filed and all patent requirements complied 
with by February 5, 1987. Determinations of validity 
are to be made within two ye-sit of enactment and a 
claim holder has 90 days within which to elect to 
apply to convert a lease or continue to hold a claim 
under a new annual assessment requirement. See 
Pace Synthetic Fuels Report June 1987, page 2-38 for 
a more complete description. 

Thus far the bill has not been scheduled for hearings 
in the Senate, and it seems unlikely that any action 
would take place before the end of the year. 

Debate over the House bill has been fueled by con-
tinued cries of government giveaways. On July 13 
the RockyMountain News said in a copyrighted story 
that last summer's Interior Department decision to 
turn over 82,000 acres of Colorado oil shale land to 
private claimants could "cost" the federal government 
some $210 billion in royalties if the shale industry is 
revived. 

The newspaper's Washington bureau quoted a congres-
sional study that concluded the decision amounts to a 
huge tax advantage for the private owners--mostly 
large oil companies--if the dormant shale industry Is 
indeed revived. 

The study, written by the investigations staff of the 
House appropriations committee, concluded that "the

The investigations staff estimated there are 77 billion 
barrels of shale oil in the land, about 55 percent of 
which are potentially recoverable. Had the federal 
government retained ownership of the lands and leased 
them to oil companies while charging a 12.5 percent 
production royalty, the earnings to the government 
could amount to $210 billion. 

In all of this, of course, there is no mention of the 
fact that such lands would not be likely to be 
developed under a 12.5 percent royalty. 

44414 

CHRONOLOGY OF OIL SHALE CLAIMS LITIGATION 
DETAILED 

The regulatory proceedings and litigation involving 
pre-1920 oil shale mining claims, mostly in the State 
of Colorado, have been chronicled in the PaceSyn-
thetic Fuels Report for 24 years. The many twists 
and turns taken by this subject have been confusing, 
to say the least, 

In June, a conference on "The Public Lands During 
the Remainder of the 20th Century: Planning, Law 
and Policy in the Federal Lend Agencies' was held at 
the National Resources Law Center of the University 
of Colorado School of Law, Boulder, Colorado. .&t 
the conference, D. L. Morgan made a presentation 
titled "The Oil Shale Saga:	 Where Do We Stand?"
lie presented a chronology of all the important ac-
tions and decisions from 1919 forward, His outline 
serves as a concise refresher course for anyone who 
wants to come up to date in this area. For anyone 
who is encountering the subject for the first time, it 
points out the landmarks which should be studied. 
In summing up the current status, Morgan notes that 
if all remaining oil shale claims were patented, the 
United States government would still own 35-
00 percent of oil shale acreage and resources, includ-
ing all of the multimineral resource of the center of 
the Piceance Creek Basin in Colorado,	 up to
1900 feet thick. 

Commercial production of shale oil requires a very 
large investment in opening a mine, crushing, retort-
ing, refining and transportation on the order of a bil-
lion dollars or more. Land or resource values become 
a minor cost factor in the overall cost of a barrel of 
shale oil. Capital investment of the magnitude 
required will not occur unless there are prospects for 
a stable economic and regulatory climate over many 
years. 

Morgan makes the point that patented lands should 
provide the best prospects for initial commercial 
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Production of shale oil, because no lease royalty or 
rental payments are required. Demonstration of 
commercial production technology on patented lands 
will benefit the United States, because of its 
proprietorship of 85-90 percent of the total oil shale 
resource, and in terms of reduced dependence on 
unstable foreign sources of petroleum. Thus the ex-
istence of a reasonable resource on patented lands 
works to the overall benefit. 

In this context pending claims legislation could 
prolong uncertainty about governmental policy with 
respect to shale oil development, and lead to further 
litigation over the constitutionality of legislative 
changes in the rights of owners of valid oil shale 
claims.

FIGURE 1 

LOCATION OF HORSE DRAW
AND C-B MINE 

t 4*4	 Meeker 

METHANE CONTENT MEASURED IN C-b MINE 
CORES 

The United States Bureau of Mines has Issued a 1907 
Report of Investigations, 11-9063, which presents data 
on the methane content of 135 oil shale samples ob-
tained from 630 feet of core drilling carried out 
within the Cathedral Bluffs mine. 

The release of methane gas during the mining of f Os-

sit fuels is a concern of the mining industry and 
federal regulatory bodies. According to the report, 
new federal regulations for metal and nonmetal mines 
are presently tinder review, and oil shale mines would 
be subject to these regulations if approved. The por-
tion of the proposed regulations that directly affects 
oil shale mining was established on the basis of 
methane emissions data from the Horse Draw Mine 
site (Figure 1). 

Four mining levels were driven at the Horse Draw 
Mine, between 1,840 and 2,230 feet below the sur-
face. All of these depths are below the dissolution 
surface, which is the horizon where leaching of 
soluble minerals terminates and ground water sinks no 
deeper into the Green River Formation. 

The Bureau collected gas emissions data during 
development of mine workings at the Horse Draw 
Mine, which indicated an average of 42 cubic feet of 
methane per ton. 

The Bureau more recently undertook field experiments 
at the Cathedral Bluffs Mine (Figure 1) to determine 
the amount of gas contained in oil shale and the be-
havior of the gas within the oil shale and in the mine 
atmosphere. Two holes were core-drilled horizontally 
from the Upper Void Level (Figure 2), each hole being 
about 200 feet deep. These holes were drilled into 
the face of an exploration drift. They were oriented 
parallel to each other and separated by about 25 feet 
at the hole collars. In addition, six vertical holes 
were core-drilled from the Upper Void Level 
(Figure 2) to between 30 and 40 feet below the mine 
floor.

Grand Junction

LEGEND 
0 • Town, Lily 0	 0	 20	 .-.rRiver  
F7W1 Approc area underlain Scole,miles	 by Green River Formation 

Following removal of an interval of rock sample, the 
sample length was measured, depths and orientation 
indicators were marked on the core, core loss inter-
vals were assigned if necessary, and core fractures 
were logged. Once the descriptive lithologic logging 
was complete, the cored intervals were inserted Into 
polyvinyl chloride (PVC) or steel containers. The con-
tainers were then sealed so that gases desorbing from 
the core would remain within the container. 

Figure 2 shows a generalized stratigraphic column for 
the Horse Draw Mine and Cathedral Bluffs Mine sites. 
The locations of the nine workings are superimposed 
on the rock units. Although the elevations of the 
two nine sites are very different, the columns arc 
matched at the top of the A-Groove unit, showing the 
differing mining horizons. 

Underground mapping at Cathedral Bluffs revealed a 
few small-scale folds. The largest fold in the Lower 
Void Level was about 10 feet in amplitude and dis-
rupted a vertical section about 10 to 75 feet in 
height. 
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FIGURE 2 

STRATIGAPHY AND LOCATION OF 
NIlE WORKINGS AT HORSE DRAW MINE 

AND CATHEDRAL BLUFFS MINE 
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Joint patternson the mine tract have been recorded 
at the surface and at all five subsurface levels in the 
mine. Joints were found to be persistent in lean oil 
shale units and to end abruptly at richer units. 

Tuft di;ces are frequently encountered in the 
Cathedral Bluffs Mine workings. They generally fol-
low	 established joint patterns,	 especially the 
northeast-trending joints. Numerous tuff dikes were 
encountered on the Upper Void Level, ranging from 
three to about 12 inches thick. The contact between 
the dike and the oil shale beds ranges from sharp and 
abrupt to very irregular. The source of the dikes 
may be a curly bedded tuft, which shows characteris-
tic thinning and thickening and achieves a maximum 

	

thickness of 18 inches.	 This turf is located just 
above the 3-Groove. 

Drill-Hole Configurations 

The spacing of the six vertical holes ranged from ap-
pro,dmately 55 to 165 feet (Figure 3). The terminal

FIGURE 3 

HOLES DRILLED IN UPPER VOID LEVEL,
WITH ENLARGED VIEW OF
THE HORIZONTAL HOLES 
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depth of each of these holes was planned to be 
40 feet below the Upper Void Level mine floor. 
However, only holes UV2 and UVS were cored en-
tirely, starting from the Upper Void Level mine floor. 
At all other vertical hole locations, the presence of 
muck accumulations of varying thicknesses deterred 
core drilling the mine floor. Core drilling from the 
mine floor was attempted on hole UVI, but the influx 
of rubble necessitated reaming the hole with a drug 
bit. holes (5V4 and UV6 were rotary-drilled to depths 
of 4.1 and 1.7 feet, respectively, where core drilling 
was begun. A hole was dug through the muck to es-
tablish the collar of hole IJVa. 

Results of Testing 

The modified direct method test (Ii Dr-i) was con-
ducted on all cored oil shale samples. The 
135 samples sealed in airtight containers were gas-
sampled repeatedly during the study. Each sampling 
included recording the date and time of sampling, 
measuring the differential pressure between the con-
tainer atmosphere and the mine atmosphere, retrieving 
a gas sample of the container atmosphere, bleeding 
the container gas pressure to mine atmospheric pres-
sure, and recording the temperature and atmospheric 
pressure at the underground work station. 

To compare gas desorption and/or reactions between 
samples, it was necessary to eliminate inconsistencies 
in test duration and sample size. Time indices were 
chosen to facilitate sample comparison. The longest 
common duration of MOM testing for a group of core 
samples, vertical or horizontal, was chosen for the 
index:	 a 40-day index for the vertically cored 
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samples and a 125-day index for the horizontally 
cored samples. 

Previous investigations on coal and oil shale gas 
desorption have shown a linear relationship for 
cumulative methane when graphed versus the square 
root of time. Figure 4 shows a graph of square root 
of time in hours against cumulative gas volume per 
unit weight. The sample shown is labeled UV208, in-
dicating oil shale removed from the eighth coring run 
on the second vertical hole drilled from the Upper 
Void Level during this study. This sample is an ex-
ample or typical behavior of the gases as shown by 
the M D M test. 

A non-linear increase in methane desorbed over time 
versus square root of hours was seen In many cases. 
The curves are generally concave down. 

Correlations 

It has been postulated that an association night exist 
between the amount of methane present and the oil 
yield richness or oil shale train the same sample upon 
retorting. Predictions or oil shale specific gravity 
based on oil yield imply a relationship between assays 
and the actual amount of organic matter contained in 
a sample. The data obtained in the study do not 
support an association between methane content and 
oil yield. 

Figure 5 presents methane contents of the sample 
population on a 40-day time index. The mean of the 
group is 0.114 cubic centimeters per gram, with a 
standard deviation of 0.0505 cubic centimeters per 
gram. A bimodal distribution for the vertical hole 
samples and a slightly higher degree of methane en-
richment for horizontally derived samples is apparent.

FIGURE 4 

GASES DESORBED FOR SAMPLE UV208 
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Comparisons were made between the gas contents of 
oil shale samples and the gas contents of a variety of 
other rock samples. The methane content means and 
ranges of all oil shale samples are given for the time 
Indices of three, 40, and 125 days in Figure 6. The 
units of gas content are cubic centimeters per grain. 
All three time indices for oil shale samples overlap 
with high-volatile bituminous coal (e.g., Pittsburgh 
coalbed). 

However, the logarithmic horizontal scale shows the 
mean of high-volatile bituminous coal to be an order 
of magnitude higher than the mean gas content of oil 
shales reported for 40- and 125-day time indices and 
two orders of magnitude higher than the mean gas 
content of oil shale samples at the three-day time in-
dex. Gas contents of Cathedral Bluffs oil shale 
samples at the three-day time index are quite similar 
to outburst-type domal salt in both mean and range. 
The Bureau says this does not indicate outbursting 
tendencies in oil shale. It does show a resemblance 
between the volume of gas released from the gasiest 
domal salt type categorized by the Bureau and the 
amount released in the shortest time duration of oil 
shale gas-content testing reported in 111-9063. 

Although the results indicate that oil shale mining 
may produce slightly more methane than is generally 
released in domal salt mines, dissimilarities in gas-
content testing methodology are highly significant to 
these comparisons. Coal and salt gas determinations 
sttempt to measure the total gas contained. riorl 
testing for oil shale samples measures gas released 
without destructive sample treatment. According to 
the report authors, one can only speculate on how 
much gas remains in the oil shale even after 125 days 
of gas desorption. 
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FIGURE 5 

METHANE CONTENTS AT 40 DAYS OF DESORPTION 
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FIGURE 6 

METHANE CONTENTS RELEASED FROM
ASSORTED ROCK SAMPLES 
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SOCIOECONOMIC 

CITY OF RIFLE SUES FOR OIL SHALE FUNDS 

City and school officials in the city of Rifle, 
Colorado are pushing for Rifle to get the last of its 
share of Garfield County's Oil Shale Trust Fund. 

The last $9.5 million of the $22 million trust fund 
was frozen in 1985 by newly elected Garfield County 
Commissioners. 

At the time, the city held contracts for roughly 
$3.5 million for recreation and sewer projects. Gar-
field County Re-2 School District also held a 
$4.6 million contract for a new high school to be 
built between Silt and New Castle. 

Another $1.4 million is promised to other local 
governments in the county's west end. 

The money came from bonus payments made to lease 
federal lands for oil shale projects. The federal 
government returned part of the money to the state, 
which doled out energy impact grants until 1981. 

That year, the state Legislature created oil shale 
trust funds in each impacted county, earmarking the 
funds for specific projects. Many of Garfield 
County's projects were funded and built. 

But since 'cv commissioners Richardson and 
Schmu'iser were elected the fund was frozen because 
they said the projects, meant to alleviate the oil 
shnle boom, were not needed after the energy in-
dustry bust of 1.982. 

flut after t.vo and one half years Rifle city and 
school officials want an answer as to whether the 
funds will ever be released. 

Their concern was prompted this spring when the 
commissioners discussed building a community correc-
tions and alcohol recovery center, and possibly using 
the Oil Shale Trust Fund to pay for it. 

So the Re-2 school board and the Rifle City Council 
asked their attorneys to investigate the status of the 
fund.	 The result of the legal research shows the 
county is obtigated to deliver the money. In the 
attoraeys o?iaion, the state legislation creating the 
trust funds actually funded the earmarked projects, 
and the county government is "merely a conduit". 

Rifle's population is expected to break its boom-year 
peak by next year. The boom population of the city 
was 4,661, and its present population is 4,631. In 
1977, just 2,300 people lived in Rifle. 

In early August the city of Rifle filed suit in the 90 
Judicial District Court in Glenwood Springs. The suit 
charges that the Garfield County Commissioners have 
withheld nearly $3.5 million earmarked by a legisla-
tive appropriation in 1981. The appropriations desig-

nated the projects to be funded, which Include road, 
water, sewer and recreation projects. While the city 
has received some money, a sewer project and recrea-
tion Improvements are still lacking. 

The city's complaint takes the position that because 
the intended improvements were listed in the language 
of the appropriations measure approved by the state, 
it was specifically Intended that Rifle get the money, 
and that the legislature created a trust fund with 
Rifle as a beneficiary and Garfield County as trustee. 

If If If 

UNOCAL TRIES FOR PROPERTY TAX REDUCTION 

Unocal Corporation, which pays a third of Garfield 
County, Colorado's property taxes, says it will appeal 
its 1987 tax valuation. 

Unocal says It is painfully obvious that the value of 
the project is not equal to the value on the assessor's 
books. 

The county assessor's valuation rose to $390 million in 
1087, an increase of about 27 percent. 

At issue is linoeal's oil shale mine, 	 retort and
upgrader, as well as ranches and housing the company 
owns nearby. In Colorado's revaluation procedure 
most properties in Garfield county rose by 50 to 
85 percent in the revaluation process. 

Assessed values statewide took a big jump this year 
because of a 1982 amendment to the Colorado Con-
stitution. That amendment requires assessments be 
raised from what property was worth in 1977 to its 
1985 level of value. 

The county has hired a special appraiser and attorney 
to deal with the matter. 

Unocal is by far the largest taxpayer in the county, 
paying $4.5 million last year. Attorneys for Unocal 
argued the true value of its property in Garfield 
County is closer to $20 million than to $390 million. 

If If If If 
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RECENT OIL SHALE PUBLICATIONS/ PATENTS 

The following paper was presented at the conference on The Public Lands During the Remainder of the 20th 
Century: Planning, Law, and Policy In the Federal Land Agencies, held at the University of Colorado, 
Boulder, Colorado, June 0-10, 1987: 

Morgan, D., The Oil Shale Saga: Where Do We Stand?" 

The following paper was presented at the Ninth International Congress of Chemical Engineering, Chemical 
Equipment Design and Automation, held in Praha, Czechoslovakia, August 30 - September 4, 1987: 

Skala, D., et al., 'Kinetics and Mechanism of Oil Shale Pyrolysis." 

The following paper was presented at the 28th U.S. Symposium on Rock Mechanics and the Second 
BA-National Mexico-USA Rock Mechanics Symposium held at the University of Arizona, Tucson, Arizona, 
June 29 - July 1, 1087: 

Chong, K. P., et al., "Strain-Rate Dependent Compressive Mechanical Properties of Western Oil 
Shale." 

The following articles were published In the July/August issue of Energy & Fuels: 

Braun, R. L., et al., "Intrinsic Kinetics of Oxidation of Residual Organic Carbon in Rapidly 
Pyrolyzed Oil Shale." 

Khan, M. Ft., "influence of Weathering and Low-Temperature Preoxidation on Oil Shale and Coal 
Devolatilization." 

The following article was published in the May/June issue of Energy & Fuels: 

Siskin, M., "Disruption of Kerogen-Mineral Interactions in Oil Shales." 

SHALE -PATENTS 

"Protective Device For RF Applicator In In Situ Oil Shale Retorting," Herbert A. Rundell, Kerry D. Savage, Richard 
H. Vinton - Inventors, Texaco Inc., United States Patent, 4,660,636, April 28, 1987. In the in situ retorting of oil 
shale using radio frequency electrical energy, an applicator is inserted into a borehole and energized at a radio 
frequency. A protective device protects the applicator from expansion of the oil shale formation. The protective 
device includes an end plate attached to the applicator and a plurality of elements surrounds the applicator and Is 
in contact with the end plate so as to prevent the oil shale formation from contacting the applicator. 

Process For Grinding Organic-Containing Minerals," Rabinder S. Datta - inventor, Chevron Research Company, 
United States Patent 4,667,885, May 26, 1987. A process for grinding organic-containing mineral matter, par-
ticularly oil shale, is disclosed comprising a series of increasing finer grind-producing grinding steps, each followed 
by an organic beneficiation step. A portion of the organic-enhanced beneficiation product Is mixed with each site-
cessive grinding step feed. 

"Method For Treating Shale", John D. McCollum, William F. Wolff - Inventors, Amoco Corporation, United States 
Patent 4,668,380, May 26, 1087. A method for producing a kerogen concentrate from oil shale comprises treating 
shale with an aqueous caustic treating solution to produce a shale product of substantially transformed mineral con-
tent, and then treating the shale product with an aqueous acid solution to produce a kerogen concentrate. The acid 
solution extracts minerals from the shale product to lower the ash content of the kerogen concentrate. A spent 
acid solution containing the extracted minerals can be treated to recover minerals therefrom. 

"Polar Solvent Dedusting," James L. Taylor - Inventor, Amoco Corporation, Gulf Oil Corporation Pennsylvania, 
United States Patent 4,670,104, June 2, 1907. A process and system is provided to produce and dedust oil from oil 
shale and other types of solid hydrocarbon-containing material. In the process, raw oil shale is retorted, preferably 
with solid heat carrier material, to liberate an effluent product stream of hydrocarbons containing entrained particu-
lates of dust derived from the oil shale or other solid hydrocarbon-containing material. A fraction of oil containing 
most of the dust is separated from the effluent product stream and fed to one or more dedusters. The dust-laden 
oil is dissolved in a special mixture of dedusting solvents which contains both polar and nonpolar dedusting solvents. 
In the deduster, the dissolved oil is separated into a dedusted stream of oil and solvents and a residual stream of 
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dust-laden sludge. Solvents are recovered Iron, the dedusted stream as well as the sludge. The recovered solvents 
are recycled to the deduster for use in dedusting the oil. The sludge is preferably dried and combusted for Use as 
part of the solid heat carder material in the retort. 

"Process For Ileneficiating Oil Shale Using Froth Flotation And Selective Flocculation," Frank F. Aplan, Rabinder S. 
Datta, Charles Zebula - Inventors, Chevron Research Company, United States Patent 4,673,133, June 16, 1987. A 
process for beneficiating oil shale Is disclosed including the steps of grinding the shale to fine particles in an 
aqueous medium, portions of which are kerogen-rich and kerogen-poor, scrubbing the particles, separating the par-
ticles by either selectively flocculating out a fraction, redispersing the fraction and reseparating using froth flota-
tion, or vice versa, and oil agglornerating/dewatering the kerogen-rich fraction. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1987) 

AMERICAN SYN-CRUDE/INDIANA PROJECT - American Syn-Crude Corporation and Stone & Webster Engineering (5-5) 

American Syn-Crude Corporation proposed a project to produce 4,160 barrels per day of shale oil and 10.3 million standard cubic 
feet per day of pipeline gas. They plan to use the 'Petrosix technology a surface retort, developed by Petrobras of Brazil. The 
project was scheduled to commence with mine site preparation during the fourth quarter of 1986, with plant completion and start-
up to occur during the second quarter of 1989. Both a loan guarantee and price guarantee were requested from the United States 
Synthetic Fuels Corporation under the third solicitation. The project was denied financial assistance by the SFC in October 1983. 
The Kentucky Energy Cabinet and American Syn-Crude completed Kentucky oil shale evaluation tests in June 1983 at Petrobras' 
pilot plant in Brazil with no process difficulties encountered. The project sponsors have reduced capacity of the project by 
50 percent and have moved the project to an Indiana site. A proposal was submitted to the SFC under the fourth general solicita-
tion, and on January 15, 1985 the SFC Board of Directors determined that the project is a-qualified project. However, Congress 
abolished the SFC on December 19, 1985 before assistance could be awarded to the project. 

Project Cost: $225 million (1982 dollars) 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco Shale Oil Com-
pany (T3S, R96W, 6PM) (S-la) 

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. During the option period Occidental is the operator for the 
project for Cathedral Bluffs. A modified detailed development plan for a 57,000 barrels per day modified in situ plant was sub-
mitted in March 1977 and subsequently approved in April 1977. The EPA issued a conditional Prevention of Significant 
Deterioration (PSD) permit in December 1977 which was amended in 1983. 
Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high inter-
est rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in 
January 1983 and the project was advanced into Phase II negotiations for financial assistance. On July 28, 1983 the SFC an-
nounced it had signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, 
Congress abolished the SFC on December 19, 1985 before any assistance could be awarded to the project. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control room, 
east and west airlocks, and mechanical/electrical rooms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the tease 
suspension request. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974.1976). 

On April 1, 1987, the Bureau of Land 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. 

Project Cost: Not Disclosed 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (OS, R98W, 6PM) (5-20) 

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

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

Project Cost: Semi-Works . Estimated at $130 million
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COMMERCIAL PROJECTS (Continued) 

COLONY SHALE OIL PROJECT - Exxon Company USA 05S, R95W, 6PM) (5-30) 

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

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale Oil Project. 
Tosco responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has 
completed an orderly phasedown of the project. Construction of Battlement Mesa has been completed and operation is continu-
ing on a reduced scale. An Exxon organization will remain in the Parachute area to perform activities including reclamation, 
some construction, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to main-
tain the capability for further development of the Colony resource when economics become attractive. 

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

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum -50 percent (5-31) 

Southern Pacific Petroleum N.L and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of 
the Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a 
development of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 	 - - 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants 
and supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
average operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of 50 liters per ton on a dry basis. The case study project would utilize only 600 million barrels, 
over a nominal 32 year life. The deposit is amenable to open pit mining by large face shovels, feeding to trucks and in-pit 
breakers, and then by conveyor to surface stockpiles. Spent shale is returned by conveyor initially to surface dumps, and later 
back into the pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the lines' process owned by Lurgi Gmbl-1 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. 
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COMMERCIAL PROJECTS (Continued) 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shalt 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 covets supporting plant, infrastructure, administration, and various al-
lowances and contingencies. 

During July 1984 SPP, CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SFP/CPM mined 39,000 tons of oil shale between August and Novem-
ber, 1984 from the Condor oil shale deposit at the site of the previous bulk sample. The oil shale was crushed to produce 
20,000 tons of material sized from 15 millimeters to 120 millimeters. This material was railed to Townesville and shipped to Japan 
on December 12, 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in early 1987 and began processing of the Condor shale and carrying out 
related investigations. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-33) 

At the present time Edwards Engineering Corporation is in the process of designing and building at their manufacturing plant in 
New Jersey a portable oil shale retort that will produce between 1,000 and 2,000 barrels of shale oil per day. The completed unit 
can be easily trucked to any suitable location. 

The design of the plant is based on engineering data obtained over the past 6 years from a pilot plant oil shale retort constructed 
at the Edwards plant in New Jersey. The production unit is being built to process typical oil shale as found in Utah, Colorado, or 
Wyoming. The portable unit has a low capital cost, and will produce a quality product with an API gravity between 26 to 28, 
having a pour point between 35 degrees and 55 degrees F. The system will not produce any air or ground water pollution. The 
system includes a heat recovery arrangement resulting in very low energy costs per barrel of oil produced. At least 80 percent of 
the energy for retorting is recycled, no water is required. The portable retort system should operate profitably at present oil 
prices. The system can be readily scaled upward from the 1,000 to 2,000 barrels per day to any conceivable capacity desired. 

During the past year the construction of the portable oil shale retort was held up pending the delivery of a computer controlled 
punch press. The press was delivered in December and is now in operation. Construction of the shale plant is expected to 
resume early in 1987. 

Project Cost: Not Disclosed 

GARY REFINERY - Gary Refining Company (S-35) 

Gary Refining Company operates a refinery in Fruita, Colorado at the southwestern edge of the Piceance Basin. The Gary oil 
refinery was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon ore that is mined 
in Northeastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. 
Over the past ten years the refinery has been expanded and upgraded into a modern facility capable of processing a wide variety 
of raw materials into finished transportation fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining now has a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creek 
facility. A contract has also been signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived 
military jet fuel (JP-4) to the Air Force over a four year period. 

The processing scheme that Gary will use to process the shale oil is geared toward maximizing the yield of JP4. The blocking 
operation is due to the Air Force requirements that JP-4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Force requirement, 
the shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. JP4 
product will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 
diesel will be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 
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COMMERCIAL PROJECTS (Continued) 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Union Oil plant. 

Project Cost: Not Disclosed 

ICIVITER PROCESS - Union of Soviet Socialist Republics (S-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviler process, continuous operating 
vertical retorts traditionally referred to as gas generators, is predominantly used in commercial operation. The retorts have been 
automated, and have throughput rates of 200 to 220 tons of shale per day. In the gas generators, low temperature carbonization 
of kukersite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 1(1/cubic meters) is 450 to 
500 cubic meters per ton of shale. 

The first 1,000 ton-per-day, gas generator was constructed at Kohtla-Jarve, Estonia USSR, and placed in operation in 1981. The 
new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the 
semicoking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by in-
troducing hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to 
control the temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and 
removed from the retort. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over 50 shale oil products (non-fuel) are currently 
produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced as by-
product in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is utilized 
as a local fuel for the production of thermal and electric power. 

Project Cost: Not disclosed 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (F6S, R95W, 6PM) (S-40) 

Mobil is currently evaluating development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
project is planned to have initial production of 10,000 to 25,000 barrels per day with an incremental buildup to 100,000 barrels per 
day. The United States Bureau of Land Management has completed an Environmental Impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being processed.. 

Project Cost: Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (S-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name T3 for the Moroccan oil shale retorting process was derived. 
In February 1982, the Moroccan Government concluded a $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 has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a 
successful shakedown test, followed by a preliminary single retorting test. The preliminary test produced over 25 barrels of shale 
oil and proved the fundamental process feasibility of the fl process. More than a dozen single retort tests have been conducted 
so far to prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests will continue 
through 1985 and the double retort 13 process tests will start in early 1986. The pilot plant utilizes the 13 process developed 
jointly by Science Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres (ONAREP) of Morocco. 
The T3 process consists of a semi-continuous dual retorting system in which heat from one vessel that is being cooled provides a 
portion of the energy that is required to retort the shale in the second vessel. The pilot plant has a 100 tons of raw shale per day 
capacity using 17 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 until the pilot plant operation is com-
pleted in 1985. A commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 
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COMMERCIAL PROJECTS (Continued). 

The T3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and 
abroad and made a recommendation in several categories based on the results from the economic analysis. An oil-shale 
laboratory including a laboratory scale retort, computer process model and computer process control, has been established in 
Rabat with assistance from Science Applications, Inc. 

Project Cost: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL 76 (S-70) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 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 develop-
ing feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its 
Los Angeles, California refinery. From 1955 to 1958 Unocal built and operated an upflow retort at the Parachute site, processing 
up to 1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase I 10,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 short 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 upgrading facility, which would convert the raw shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of isi 
operations and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. Unocal's contract with the DOE calls for delivery of 3,000 barrels 
per day of military aircraft turbine fuel and 7,000 barrels per day of diesel to the Department of Defense (DOD) commencing 
with shale oil production. The price will be the market price or a contract floor price. If the market price is below the DOE con- 
tract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the difference. The total amount of 
DOE price supports Unocal could receive is $400 million. 

Unocal began billing the U. S. Treasury Department in January, 1987 under its Phase I support contract. To date, the comman 

Project Cost: Phase I - Approximately $700 million 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (S-90) 

A PETROSIX pilot plant, having a 20 inch inside diameter retort, has been in operation since 1982. The plant is used for oil 
shale characterization and retortin g 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 develo p a process for the oil shale fines. The plant 
uses a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant is being constructed. A one foot diameter cylindrical reactor is bein g used. Start up is scheduled for 
October 1987 and will process oil shale fines coarser than that used in the entrained bed reactor. 

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Marcus do Sul, Parana, 
Brazil. The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has 
been obtained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per 
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COMMERCIAL PROJECTS (Continued) 

day of crude oil and 14 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being constructed 
and will produce 2,950 barrels per day of oil, 40 tons per day of LPG, and 60 tons per day of sulfur in December 1989. 

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 Rasoil. 

Sulfur production is sold directly to clients from local paper mill industries. 

Project Installed Costs: $68.4 (US) Million 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-95) 

On May 6, 1985 Ramex announced the start of construction of a pilot plant near Rock Springs, Wyoming. The plant will be lo-
cated on property leased from Rocky Mountain Energy, a subsidiary of Union Pacific Railroad. In addition to the one section 
leased for the pilot plant, Ramex also has options on ten additional sections. This site was selected because of the accessibility for 
potential customers, and the abundance of 
available oil shale resetves. 

The pilot plant will consist of two specially designed burners that will bunt continuously in an underground oil shale bed. These 
burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot) and liquid condensate, consisting of 
about 45 percent gasoline, 25 percent kerosene, 30 percent tight oils. The pilot facility was expected to be in operation by July 
1985. The data and products produced from this plant will be available for testing and evaluation by companies interested in the 
process and potential users of the products. 

Universal Search Technologies (Unitec) of Salt Lake City, Utah is assisting with the first phase of funding and management for 
the project. 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company, and 
that funds have been provided to complete equipment installation and provide fuel testing of the process. 

Project Cost: Approximately $1 million for the pilot tests 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (172S, R99W, 
6PM) (S-100) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater 
resource recovery of live versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without 
additional federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily 
suspended operations on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. 
The project is still in suspension until a lease can be obtained or the live years suspension period expires. Federal legislation has 
been enacted to allow procurement of off-tract land that is necessary if the lease is to be developed in this manner. An applica-
tion for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of the Colorado 
Bureau of Land Management an environmental impact statement for the proposed lease for 84 Mesa has been prepared by the 
Bureau of Land Management. Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Pall 1983. 
Partial approval for the abandonment plan was received in Spring 1984. The mine and retort are currently flooded but were 
pumped out in May 1985 and June 1986 in accordance with plans approved by the Department of the Interior. Data from the 
pumpout are being evaluated. Stringent monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Lurgi pilot 
plant at Gulf's Research Center in Harmarville, 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 Com-
pany, thus giving Amoco a 100 percent interest in the project. Amoco has no plans to discontinue operations. 

Project Cost: Four-year process development program cost $132 million 
No cost estimate available for commercial facility.
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RUNDLE PROJECT - Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (5-110) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a multi-module 
commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on 
an initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of 
development. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. 
Geological and environmental baseline studies were carried out to characterize resource and environmental parameters. Mine 
planning and materials handling methods were studied for selected plant capacities. Results of the study were announced in Sep-
tember 1984. The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale 
feed was estimated to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale 
feed) was estimated to cost $2.65 billion (US). 

In October 1984 SPP/CPM and Esso announced that they have commenced discussions about possible amendments to the Rundle 
Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to the Joint Venture 
Agreement now provide for 

Payment by Esso to SPP/CPM of A$30 million in 1985 and A$12i in 1987. 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. Cost of this program in 1985 was A$7.5 million. 

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of sub-
sequent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

Project Cost: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation (195, R2IE, SLM) ($420) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site en-
vironmental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block con-
veyors, power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in 
April 1981. Final 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 
commercial project. The second phase of the Project will consist of the construction of one ILODO tons per day TOSCO II 
pyrolysis unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil. 
During the third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 
50,000 barrels per day of shale oil. Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of 
the single train facilities has been completed. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Oil Shale Pty. Ltd., and Peabody Australia Ply. Ltd.) (S-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 
2.8 billion barrels extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
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the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

Partners in the Yaamba Joint Venture are Peabody Australia Pty. Ltd., with 50 percent interest, Central Oil Shale Pty. Ltd., with 
40 percent interest, and Beloba Pty. Ltd., a fully owned subsidiary of Southern Pacific Petroleum N.L. and Central Pacific 
Minerals N.L, with 10 percent interest. Peabody Australia manages the Joint Venture which now holds two 'Authorities to 
Prospect' for oil shale in an area of approximately 1,080 square kilometers in the Yaamba and Broad Sound regions northwest of 
Rockhampton. The 'Authorities to Prospect' were granted to the Yaamba Joint Venture by the government of the State of 
Queensland for a five year term commencing May 1983. In addition to the Yaamba Deposit, the 'Authorities to Prospect' cover a 
second prospective oil shale deposit in the Herbert Creek Basin approximately 70 kilometers northwest of Yaamba. Drilling in 
the Herbert Creek Basin is still in the exploratory stage. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has now been completed. Environmental baseline investigations were 
carried out concurrently with this study. A Phase II study aimed at determining methods for maximum utilization of the total 
energy resource of the Yaamba Basin and optimization of all other aspects of the mining operation is currently in progress. Fur-
ther environmental baseline investigations are also being carried out. This study is anticipated to extend over a five year period. 

Project Cost: Not disclosed

R&D PROJECTS 

BAYTOWN PILOT PLANT - Exxon Research and Engineering (S-135) 

During 1984 a $14 million pilot plant to test the recovery of oil from shale began operation at Baytown, Texas. The pilot program 
followed several years of research aimed at developing a more efficient, lower-cost method of retorting shale. It used fluidized 
bed technology, building on Exxon's experience with the use of fluidized beds in petroleum refining. With a capacity of five tons 
of shale per day, the plant tested Exxon's retorting process on different shales under a wide range of conditions. In December, 
1986, Exxon announced that the Baytown research facilities would be closed and personnel transferred to Baton Rouge, 
Louisiana. 

Project Cost: See above 

DUO-EX SOLVENT EXTRACTION PILOT PROJECT - Duo-Ex (a wholly owned subsidiary of Solv-Ex Corporation) (S-152) 

Duo-Ex is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to 
shale oil recovery. The Duo-Ex approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Ex has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Ex process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on pre-
vious work by Duo-Ex in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce 
scale-up data and a quantity of raw shale oil for upgrading studies. 

Duo-Ex is discussing the project with interested investors 

Project Cost: $1,,000 

EASTERN OIL SHALE IN SITU PROJECT 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used b y Geokinetics Inc. for shallow 
oil shales in Utah.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since June 1987) 

R & D PROJECTS (Continued) 

The project is located in southern Indiana and uses the uppermost member (aen Creek) of the New Alban y oil shalt. 

Project Cost: Not disclosed 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cross flow type) of retorts were built at a scale of about 3 tons per day. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales (mm 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 counterflow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, retort-
ing, combustion and cooling zones, being contacted by the gas which flows downward through these zones: Oil yield obtained 
from several kinds of oil shale was approximately equal to Fischer assay. The main feature of this type of plant is that the process 
can be adapted to the properties of different oil shales because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces of louver 
walls and is contacted by the heating gas which flows horizontally between the walls in several passes. In this plant, oil yield was 
approximately equal to Fischer assay. The retorted oil shale is crushed to pieces smaller than 6 millimeters and sent to a fluidized 
bed for combustion of residual carbon. The main features of this type of plant are the 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 per day. The process to be used for the pilot plant was discussed by the advisory committee on the basis of results of the ex-
periments 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) are 
installed to examine the economies of pm-drying of high water content oil shale and fluidized-bed combustion facilities are 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. Civil and foundation works for the pilot 
plant started in the middle of February 1986. The erection work, overall-trial run and adjustment were completed by the end of 
February 1987, and the inauguration of the pilot plant was held on March 3, 1987. 

After on-the-job training of operators, the retorting experiments totaling about 100 days have started in early May 1987 

Project Cost: Approximately US$60 million 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-175) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. PAMA launched a multi-year program directed toward 
commercial utilization of Israel's oil shale. The initial feasibility stage has been completed. Oil shale can be utilized by retorting 
to produce shale oil, or by direct combustion to generate power. PAMA has been pursuing both possibilities, and preliminary en-
gineering for two demonstration plants began in late 1984. 

The recent collapse of oil prices led to the postponement of the demo plant for oil. In the meantime, PAMA has concentrated on 
development of a new process, based on the use of an entrained bed, which is more suitable to Israeli oil shales. The relevant 
studies are being carried out primarily in a small pilot plant which began operation in November 1985. 

There is, however, a promising potential for oil shale-based generation of power. PAMA's studies have shown that electricity 
from oil shale is competitive with electricity produced in large coal-fired utility plants located along the shore and not employing 
POD.
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R & I) PROJECTS (Continued) 

Accordingly, PAMA has embarked on a demonstration power project. The boiler will deliver 50 tons per hour of steam at high 
pressure. Low-pressure steam will be sold to process application in a chemical plant, and electricity produced in a back-pressure 
turbine will be sold to the grid. The project is in its final design stage. Commissioning is expected in 22 months. 

Project Cost: Not disclosed 

JULIA CREEK PROJECT - CSR LIMITED (5-180) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit 
of northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrad-
ing to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

I'hc project developer is CSR Ltd. and partners to be selected. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
avenge oil content of the shale is approximately 70 litres per dry tonne. 

Work is being carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as 
a recirculating solid heat carrier. 

A staged development is planned, with the timing determined by the anticipated price of oil and imprOvements in project 
economics. 

ProjectCost: Yet to be determined 

NEW PARAI-IO ASPHALT FROM SHALE OIL PROR3Cf—New Paraho Corporation (5-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at 
Western Research Institute (WR.1) and elsewhere have discovered that certain types of chemical compounds present in shale oil 
cause a significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt- This 
is particularly true for shale oil produced by direct-heated retorting processes, such as Panho. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result 
in (1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion 
of a comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-
based commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $23 million, 
all of which will be funded by Paraho- The major portion of the work to be conducted during this initial phase consists of 
producing sufficient quantities of shale oil to accommodate the construction and evaluation of a one mile test strip of shale oil-
modified asphalt pavement. Minin g of 3.900 tons of shale for these strips is to occur in September 1987. The shale oil will be 
produced in Paraho's existing pilot plant facilities, located near Rifle, Colorado. A small pilot plant with an output of 17 barrels 
per day will be used. The facility is expected to be operational in time for the 1988 highway construction season. 

The one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. 
Once constructed, the test strip will be evaluated over a period of several years, during which time Paraho will complete site selec-
tion, engineering and cost estimates, and financing plans for a commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per 
day of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200- $250 million to design, engineer and con-
struct- If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant 
would commence in the 1991-1992 time frame. 

At the present time, Paraho states that it has access to several different resource sites upon which the commercial production 
facility could be located: an area in the vicinity of Anvil Points, Colorado: one of three possible sites on the Mahogany Block in 
northwest Colorado; and the Paraho-Ute properties, located near Vernal, Utah. Of these several options, the Mahogany sites 
represent the most economically viable alternatives and, accordingly, are the preliminary locations of choice. 

Project Cost: $2,500,000
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R & D PROJECTS (Continued) 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (S-205) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works are being conducted on pretreating technology, two 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 
existing petroleum refineries. Upgrading systems are being established for obtaining operational data in 1987 with the large 
bench-scale plant (13 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed 

TRIAD DONOR SOLVENT PROJECT - Triad Research Inc. (5-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-E process, utilizes a fraction of the oil derived from the shale as the hydrogen donor solvent. 
Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more than 200 percent of 
Fischer Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant facility. 

Project Cost: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT - United Nations (S-230) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aieksinac 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 develo pment, eight modules of IMIS 
retorts would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about I million tons per year). For the mined shale, interest has been expressed in adapting the D 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 II years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the the upgrading cost was es-
timated to be $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for 
a full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot 
module has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment is expected 
in 1988.
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R & I) PROJECTS (Continued) 

Project Cost: US$12.000000
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SER 

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 
Cives Corporation 
Deseret Generation & 

Transmission Coop. 
Foster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 84 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

Gelsenkirchen-Scholven Veba Oct 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 
Dravo Corporation 
Southern Pacific Petroleum 

Nahcolitc Mine #1 Multi-Mineral Corporation September 1982; page 240 

Naval Oil Shale Reserve United States Department June 1987; page 2-53 
of Energy 

Oil Shale Gasification Institute of Gas Technology; December 1978; page B-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 2-47 
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 

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 Tat Mecco, Inc. September 1978; page 8-3 

Unnamed Fracture Test Talley Energy Systems September 1978; page B4 

White River Shale Project Phillips Petroleum Company March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Com pany or Organization Project Name 

American Syn-Crude Corporation American Syn-Crude/Indiana Project 2-53 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-58 

Beloba Pry. Ltd. Yaamba Project 2-59 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-53 

Central Oil Shale Pty. Ltd. Yaamba Project 2-59 

Central Pacific Minerals Condor Project 2-54 
Rundle Project 2-59 
Yaamba Project 2-59 

Chevron Shale Oil Company Chevron Clear Creek Project 2-53 

Conoco Inc. Chevron Clear Creek Project 2-53 

CSR Limited Julia Creek Project 2-62 

Duo-Ex (Solv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 2-60 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-60 

Edwards Engineering Company Edwards Engineering 2-55 

Esso Australia Ltd. Rundle Project 2-59 

Exxon Company USA Colony Shale Oil Project 2-54 

Exxon Research and Engineering Baytown Pilot Plant 2-60 

Gary Refining company Gary Refinery 2-55 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-63 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-61 
(JOSECO) 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-56 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-62 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-53 

Office National de Recherche ci Morocco Oil Shale Project 2-56 
d'Exploitation Petrolieres 
(0 NA REP) 

PAMA Inc. Israeli Retorting Development 2-61 

Peabody Australia Pty. Ltd. Yaamba Project 2-59 

Petrobras Petrosix 2-57 

Ramex Synfuels International Ramex Oil Shale Gasification Process 2-58 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 2-58 

Science Applications, Inc. Morocco Oil Shale Project 2-56
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Company or Organization Project Name 

SoIv-Ex Corporation Duo-Ex Solvent Extraction Pilot Project 2-60 

Southern Pacific Petroleum Condor Project 2-54 
Rundle Project 2-59 
Yaamba Project 2-59 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 2-58 

Stone & Webster Engineering American Syn-Crude/Indiana Project 2-53 

Tosco Corporation Tosco Sand Wash Project 2-59 

Triad Research Inc. Triad Donor Solvent Project 2-63 

Unocal Corporation Parachute Creek Shale Oil Program 2-57 

Union of Soviet Socialists Republics Kiviter Process 2-56 

U.S. Department of Energy Duo-Ex Solvent Extraction Pilot Project 2-60 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-63 

Yaamba Joint Venture Yaamba Project 2-59
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PROJECT ACTIVITIES 

NEWGRADE HEAVY OIL UPGRADER PROJECT 
SHIFTS INTO HIGH GEAR 

By October, the number of workers at the NewGrade 
Energy Inc. heavy oil upgrader project in Regina, Sas-
katchewan, will rise from 500 to nearly 2,000. With 
most of the pipe racks, the main Atmospheric 
Residual Desulphurizatlon (AnUS) vessels and several 
other processing vessels in place, one of the most 
labor-intensive aspects of this heavy oil megaproject 
has begun: the installation of piping. 

Construction of the C$700 million project is on 
budget and ahead of schedule, according to the plant's 
contractor, Kilburn Fluor. 

The project is a joint effort of the Saskatchewan 
government and Federated Cooperatives Ltd., which 
formed a partnership company, NewGrade Energy Inc., 
to run the upgrader once It is built. NewGrade plans 
to have the plant ready for testing between July and 
October of next year. The plant is designed to 
upgrade up to 50,000 barrels per day of heavy oil. 

The upgrader consists of four parts: 

- An ARDS Unit 
- A Distillate Hydroprocessing Unit 
- A hydrogen plant 
- A sulfur recovery plant 

This combination of units is said to give the refinery 
the best possible flexibility in meeting the highly 
fluctuating demands of its farming consumers. 

The heart of the upgrader is the Atmospheric 
Residual Desulphurization unit — made up of five huge 
vessels, each seven stories tall and with steel walls 
nearly 12 inches thick. Each of the four largest, 
standing in place, weighs 800 tons. 

Getting these gigantic vessels from Japan to Regina 
was a project in Itself. Too big to be moved by rail 
through the Rockies, the ARDS vessels were shipped 
by boat across the Pacific, through the Panama 
Canal, up the Atlantic coast, through the St. 
Lawrence Seaway, and across the Great Lakes to 
Duluth, Minnesota. From there, rail transportation to 
Regina was practical. 

They were the largest pieces of equipment, by weight, 
ever handled by the port of Duluth or ever moved by 
CP Rail. Only one rail car in North America was big 
enough to carry these vessels. The crane which un-
loaded and erected the vessels In Regina was the 
largest ever operated in Saskatchewan. 

Work is continuing on the AI1DS unit and Distillate 
Hydroprocessing Unit WHO), and contracts have been 
awarded for the other major processing units.

Delta Projects Inc. was the successful bidder for the 
sulfur plant, which will recover the sulfur removed in 
the ARDS process and convert it to a marketable 
form. 

SNC/Foster Wheeler was the successful bidder for the 
hydrogen generation section, which will generate the 
hydrogen used in the ARDS and DRU processes from 
natural gas.

# # U U 

HP CANADA AND PETRO-CANADA BREAK 
GROUND FOR WOLF LAKE PHASE II 

On July 27 ground-breaking ceremonies were held for 
Wolf Luke 2, the second phase of the Wolf Lake in 
situ bitumen recovery project, located near Bonnyville, 
Alberta. 

Development of Wolf Lake, is which BP and Petro-
Canada are equal partners, began in 1983. The first 
phase came into production in 1985 and currently has 
a capacity of 8,000 barrels of bitumen per day. Wolf 
Lake 2, with a capacity of 15,000 barrels per day, 
will begin production late in 1989. 

I. J. Koop, HP Canada's Senior Vice-President, Oil and 
Gas, said that "With the decision to go ahead with 
Wolf Luke 2, OP Canada and Petro-Canada have 
expressed their confidence In the future of the heavy 
oil Industry." 

Site clearing, road building and lease preparation will 
begin shortly, with construction getting under way in 
early 1988. Drilling will begin with three or four 
rigs. Commissioning and steam injection will start in 
Cie third quarter of 1989. 

Pre-startup cost is estimated at $200 million. Ini-
tially, 248 wells will be drilled with another 975 wells 
to be added over the 25-year life of the project. 

At the peak of construction some 360 workers will be 
employed on the site, 250 kilometers northeast of 
Edmonton. When fully operational Wolf Lake 2 will 
provide about 40 additional permanent jobs. 

To minimize water requirements a $35 million plant 
will be built to recycle water for both Wolf Lake 1 
and 2. 

To keep disturbance of the landscape to a minimum 
the wells will be drilled in clusters on gravel pads. 
Vent gas emissions will be incinerated at each well 
cluster.

#4*4 
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UTF PROJECT PROCEEDING WITH GRAVITY 
DRAINAGE CONCEPT 

The Alberta Oil Sands Technology and Research 
Authority's (AOSTRA's) Underground lest Facility is 
proceeding with trials of the gravity drainage concept. 
The UTF project was described most recently in the 
Pace Synthetic Fuels Report, June 1987, page 3-3. 
As described In an article elsewhere in this issue, 
Chevron Canada Resources Limited has recently 
agreed to test a Chevron process at the I.JTF. 
Meanwhile, AOSTRA's Phase A program is being 
curried out using the steam assisted gravity drainage 
concept. The first tests were scheduled for 
July, 1987. 

The UTF is a network of shafts and tunnels with 
mine and process support facilities. Two three-meter 
(inside diameter) shafts, 213 meters deep provide mine 
access and accommodate shaft installations. The tun-
nel inset is at 182 meters (floor); the roof of the 
tunnels is 15 meters below the oil sands. Normal 
access to the tunnels is by a high speed hoist in shaft 
No. 1, capable of transporting 100 tonnes per hour. 
Shaft No. 2 acts as the ventilation exhaust shaft. 

The tunnels are five meters wide by four meters high 
to provide room for heavy equipment movement and 
the underground drilling rig. Horizontal wells are 
drilled from the tunnels up into the oil sands with a 
custom underground drill rig. 

Steam generation and production handling is done in n 
manner similar to other steam pilot operations. 
Steam is generated on surface and piped down shaft 
No. 2 to the underground wellheads. Production is 
returned along the same route by a separate pipeline. 

The Shaft and Tunnel Access Concept (SATAC) is 
seen as an effective means of placing a large number 
of horizontal wells in an oil sand reservoir, economi-
cally. The nature of gravity drainage processes utiliz-
ing horizontal wells means that many wells, on a 
close spacing, are required. The well spacing being 
used in Phase A is 24 meters between well pairs. 

A conceptual layout of the Phase B tunnels is shown 
in Figure 1. Some of the Phase B tunnels are at dif-
ferent levels. This will place the drill rig closer to 
the oil sands, thereby requiring a shorter uncompleted 
section of horizontal well. 

The gravity drainage process requires two horizontal 
wells, one directly above the other, approximately 
five meters apart. The completed length of these 
wells will only be 60 meters (compared to 500 meters 
or more for commercial wells). 

Phase A Strategy 

Gravity drainage appears to be a significant 
mechanism in steam assisted bitumen recovery 
processes. There is a strong density contrast between 
steam and bitumen, and oil sands reservoirs usually 
have high absolute permeability with thick pay. Ac-
cordingly, the Phase A program has been designed as 
a small scale test of this process.

FIGURE 1
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Figure 2 Illustrates the growth of a steam chamber 
above a well pair, as predicted by a numerical 
simulator. Steam Is supplied to the injector to main-
tain a constant pressure within the growing chamber. 
The steam travels to the edges of the chamber, con-
denses, and drains to the bottom. The condensing 
steam heats (by thermal conduction) a thin layer of 
undepleted sand near the boundary of the chamber. 
This mobilizes the bitumen and allows it to drain with 
the condensate. As the bitumen drains, steam ad-
vances into the newly depleted reservoir. The con-
densate and bitumen are collected at the bottom 
production well. 

Production is controlled in the manner of a ther-
modynamic steam trap. The wellhead control 
mechanism is designed to maintain production at a 
temperature just below saturated steam conditions. 
Thus if production starts to cool, the production valve 
opens to draw more liquids, whereas If steam is 
produced, the system will throttle back. In this way 
production is matched to the rate of condensation and 
drainage within the reservoir. 

Figure 3 shows two bitumen production forecasts for 
a single Phase A well pair. These two cases were 
used as the probable range of Phase A performance 
for purposes of facilities design. The high case as-
sumes a homogeneous reservoir with absolute horizon-
tal and vertical permeability of 4.0 Dareys. The low 
ease is identical except that the vertical permeability 
was reduced to 1.0 Darcy. This is intended to repre-
sent the effect of a significant number of shaly 
zones, each with limited areal extent and/or some 
permeability. 

The actual areal extent of the shale laminae found in 
core samples is unknown; one of the primary objec-
tives of the Phase A program is to determine the ef-
fective vertical permeability of the reservoir over a 
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FIGURE 2

STEAM CHAMBER GROWTH
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representative area. AOSTRA says previous studies 
have indicated that the steam will climb around and 
over shale lenses several meters wide, without serious 
reduction In process performance. 

It is planned to try the first well startup by circulat- 
ing steam simultaneously in both wells, at the normal 
process pressure of 1,500 kPa. This Is expected to 
result in communication developing after about 50 to 
100 days, due to the conduction and counter-current 
drainage mechanisms. After 100 days other methods 
night be attempted If satisfactory communication has 
not been obtained.

Process Development 

(10,000 barrels per day) of bitumen. 	 The two cost 
components which are most sensitive to recovery 
process performance are (1) fuel for steam generation, 
which is a direct function of the oil/steam ratio 

Table 1 shows AOSTRA's breakdown of cost com-
ponents for commercial recovery of bitumen from  
shaft and tunnel facility, based on process perfor-
mance similar to the low case discussed above, and a 
facility capacity of 1,600 cubic meters per day 
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TABLE 1 

ESTIM&TW B 111JM4 PIflXJCFIG4 WSTS
FOR UTF QMAEI1CIAL CASK

(Dollars Per Cubic Meter Bitumen Before Taxes and Royalties) 

CAPITAL 

Mining and nine facilities	 22.40 
Wells and workovers	 18.20 
Underground process piping	 3.14 
Surface process facilities 	 12.68 

56.42 

OPERATING 

Mine operating	 7.70 
Surface operating & fluid processing 	 12.87 
Fuel for steam generation 	 26.30 

48.87 
Total	 $105.29 

(OS It); and (2) the cost attributable to wells, which is 
a function of, 

- The cumulitive bitumen recovered per well 
(including Injection wells) 

- The  rate at which it is recovered 

- The cost of the wells 

Some possible modifications to the basic two-well, 
constant pressure steam assisted gravity drainage 
process are planned for study at the UTF. These 
could include: 

- Well length 
- Spacing betNecn well pairs 
- Operating pressure 
- 'Upper injection 
- Cyclic injection 

Inspection of Figure 2 shows that during early time, 
the steam chamber grows in a mushroom shape, with 
the cap rising much more rapidly than the stem 
widens. The reason for this was found by analysts of 
oil potentials (pressure plus gravity head) from 
simulator output. Steam that is rising from the in-
jector to the cap of the chamber creates a pressure 
gradient in the stem, which counteracts the gravity 
potential tending to drain bitumen downward. This 
causes bitumen to collect in and along the sides of 
the stem, therefore slowing the lateral advance of the 
steam front. 

A solution to this problem is to install a second in-
jection well at some point above the first, and switch 
the steam to it as soon as the chamber rises high

enough. Figure 4 shows the effect of this. The Base 
Case is the same as the ugh Case discussed above. 
In the Upper Injector case, steam injection is moved 
at 256 days to a point just below the top of the 
steam chamber. This results in an immediate dou-
bling of the production rate, followed by a decline 
over about 50 days to a more or less steady value, 
about 20 percent higher than the base ease. 

Although an upper injector drains a pattern faster, it 
will not increase the ultimate recovery, and therefore 
the bitumen recovered per well is decreased by one-
third. The extra capital cost is unlikely to be offset 
by the improvement in drainage rate. 

Another way of preventing interference between the 
upward flow of steam and the downward flow of 
bitumen Is to carry out the flows sequentially in 
time. Steam is injected at high rates to rapidly raLse 
the pressure and temperature in the steam chamber. 
Steam injection is then shut off, allowing drainage to 
resume. During this production phase, the pressure 
declines gradually as water flashes and the sand cools. 
Since the steam is being generated everywhere in the 
chamber instead of supplied at a single point, the up-
ward pressure gradient is reduced or even reversed, 
macing the full force of gravity available for 
drainage. When the pressure and production decline 
to some limit, Injection is resumed and the cycle 
repeated. 
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FIGURE 4 
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Figure 4 shows some preliminary cyclic injection 
results. Overall, the average bitumen rate for the 
cyclic injection is about the same as the base case. 
An improvement in average rate might be 
demonstrated at earlier times (especially startup), 
when counter current drainage Is more dominant. The 
greater significance of the cyclic injection scheme is 
that only one well is required to carry it out. 
AOSTRA's preliminary results indicate that a single 
well, operated cyclically, can produce at the same 
average rate as a pair of wells operated at a con- 
stant pressure. The capital saving of one well per 
pattern would reduce the cost of production by about 
nine percent (Tab! ') 1).

4ff if 4 

ESSO EXPANDING COLD LAKE OUTPUT BY 
64,000 BARRELS PERDAY 

Imperial Oil Limited announced on July 23 that its 
subsidiary, Esso Resources Canada Limited, is going 
ahead with a -$325 million program to expand its oil 
sands development at Cold Lake Alberta by about 
47 percent or 7,000 cubic meters (44,000 barrels) per 
day. With this expansion, the company's total invest- 
ment in Cold Lake will approach $1 billion. When 
the expansion is complete, Esso Resources will have 
about tOO million cubic meters (one billion barrels) of 
oil sands reserves under production at Cold Lake. 

The first six stages of the project have been com- 
pleted with 960 wells drilled so far. The expansion 
will involve the construction of the central plant for 
stages seven through ten and the drilling of 260 wells 
initially for stages seven and eight.	 The wells as-

soclated with stages nine and ten will be drilled 
during 1988 and 1989 provided the current favorable 
outlook for crude oil prices and markets continues. 

Esso Resources' Cold Lake operation is currently 
producing 12,000 cubic meters (75,000 barrels) per day 
of bitumen. A $55 million debottlenecking of the ex-
isting facilities Is already in progress which will in-
crease	 production	 to	 15,000	 cubic	 meters 
(95,00 barrels) per day in 1989.	 With the expansion,
Cold Lake production will be raised to 22,000 cubic 

The project will have Important regional and Canadian 
benefits. The construction work, force will peak 
around 700. Once construction is completed operation 
of new facilities will generate 130 new jobs. Ongoing 
drilling activities, additional field facility construction 
and maintenance will result in the creation of another 

Ease Resources began the development of a commer-
cial project at the company's oil sands leases near 
Cold Lake In 1983.	 Unlike the multi-billion dollar 

Distinctive geographic site names have been selected 
for each central plant site. The site for Phases one 
and two, five and six is referred to as Maskwa, the 
Cree name for Dear. The Phases three and four site 
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Bitumen production will begin in mid-1989 and is  ex-
pected to be at Cull capacity in mid-1991. 

meters (139,000 barrels) per day by 1991. 

160 contract jobs. 

mega-project proposed previously, Ease ins tead chose a 
phased development approach. 

is called ilahihkan, the Cree word for Wolf. The of-
fice and warehouse location is known as A misk, or 
Beaver in Cree. 

At 14 askwa, the firs t two phases of the Cold Lake 
Project started production in mid-1985. Construction 



of Phases three and four (Mahihkan site),	 up-



proximately five kilometers northwest of Mnskwa, 
began in July 1984. Steaming began on September 
1985. Bitumen production started on October, 1985. 
Phases five and six are adjacent to and integrated 
with the central plant for Phases one and two. 
Steaming started in March, 1986 with production 
beginning in early May, 1986. Over the life of the 
six phases, it is estimated that up to $2.4 billion (as 
spent) of additional capital will be invested in re-
placement wells and field facilities. 

On August 10, 1987, the official ground-breaking for 
Phases seven-ten was held at Cold Lake. Esso was 
able to move so rapidly because permits for the ex-
pansion had already been obtained a year ago from 
the Alberta Energy Resources Conservation Board. At 
the ceremony, Dr. Neil Webber, Alberta's Energy Min-
ister, pointed out that Cold Lake will be contributing 
10 percent of Canada's total crude oil production 
when the expansion is complete. He indicated it 
noteworthy that this expansion is not being induced by 
any special government incentives. "The fact that 
the expansion can proceed under the terms of the ex-
[sting fiscal regime bodes well for future oil sands 
developments," he said. 

Ease states that recent oil price stability had more to 
do with the decision to start the expansion than the 
actual level prices have ranched. A second factor in 
Ewe's decision was the strength of markets for the 
produced bitumen. The primary markets are in the 
Chicago and Minneapolis areas with promising markets 
in other parts of the United States. 

#4 
It 

it

AOSTRA TO TEST CHEVRON PROCESS AT 
UNDERGROUND TEST FACILITY 

The Alberta Oil Sands Technology and Research 
Authority (AOSTRA) and Chevron Canada Resources 
Limited announced In July the signing of an agree-
ment for Chevron to participate in the initial field 
testing of a horizontal well bitumen recovery method 
at AOSTRA'S underground test facility (UTF). 

A commitment of one million dollars will give Chev-
ron an 9.33 percent interest in the UTF's pimse A 
field testing program. A further 1.3 million dollars 
will be shared equally by AOSTRA and Chevron for 
the testing of Chevron's IlASDrive Process. The 
HASOrive Process differs from AOSTRA'S shaft and 
tunnel access process in that a single cased horizontal 
well is used instead of a pair of horizontal wells. 
Steam Is circulated in a closed loop through the 
horizontal well, rather than injected directly into the 
formation as in the AOSTRA process. A heated flow 
path in the oil sands is created. A drive fluid 
(steam) Is then injected at one end of the path which 
forces the bitumen to a producing well at the other 
end of this path. 

The UTF, which is located 60 kilometers northeast of 
Fort lieMurray, Alberta, provides mining access for 
the testing of new in situ processes. Under 
AOSTRA'S approach to bitumen recovery, called "the 
shaft and tunnel access concept," horizontal wells are 
drilled at a shallow angle into the oil sands from a 
tunnel beneath the deposit. Steam is injected through 
the wells,	 and bitumen is recovered by gravity 
drainag. As an addition to the initial AOSTRA test-
ing program,	 a separate test of the Chevron
N ASDrive process will be carried out. 

The process involves a horizontal well, called the 
XAswell, through which steam is circulated in a 
closed loop. The N ASwell will be drilled from the 
end of an observation tunnel below the area where 
the gravity drainage wells are being drilled. The 
HASwell will extend 500 feet from the observation 
tunnel. 

The wells are expected to be ready for steaming by 
October.

It #44) 
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CORPORATIONS 

SCEPTRE TO COMBINE HORIZONTAL WELL WITH 
STEAM DRIVE AT TANGLEFLAGS 

Sceptre. Resources Ltd. as operator and Murphy Oil 
Company Ltd. are undertaking a horizontal well en-
hanced oil recovery project in the Tangier lags North 
field In the Lloydnilnster region of Saskatchewan. 

The objective of the recovery project is 13-
14° gravity oil in about 100 feet of net pay in 
Lloydminster sand at about 1,500 feet. The zone 
contains 5-10 feet of bottom water that quickly cones 
in vertical wells,	 limiting oil recovery to 0.5-
1.0 percent of estimated oil in place. Some 
38 million barrels of oil are estimated to exist in the 
285 acre pool. 

Studies based on the data collected during a cyclic 
steam test carried out in late September 1985 have 
provided Sceptre with the confidence level necessary 
to proceed with the new enhanced recovery scheme at 
Tanglefiags. 

Two conventional steam injection 'veils, two observa-
tion wells and an experimental horizontal well will be 
drilled in 1987 as part of a pilot project. If the pilot 
proves successful, there would be three phases of 
commercial expansion culminating In a net, peak-
production level of 6,000 barrels of oil per day by 
1995. 

Two existing wells will also be utilized as steam in-
jectors for a total of four stea,n injection wells. 

Using n conventional rotary rig, the company plans to 
start a vertical hole, build angle, and drill about 
1,640 fact of horizontal hole. The horizontal hole 
ideally will penetrate the lower one third of the 
Lioydminster oil pay and stay abovn the bottom water 
zone. Plans call for injection of steam through the 
four 'y ells into the top of the oil pay to create a 
rapid steam overlay in the Lloydmlnster. 

Drilling is scheduled to start in September, with 
primary production beginning in late October, and 
steam injection in the second quarter of 1988. 

The Canada-Saskatchewan Heavy Oil/Fossil Fuels Re-
search Program has awarded a grant that covers 
50 percent of the project's capital and a certain 
amount of operating costs, depending on oil prices. 
Sceptre expects the horizontal steaznfiood pilot will 
cost C$5 million In capital with C$3.7 million In an-
nual operating expenses.

if if if

NEW HEATED PIPELINE PROVIDES HEAVY OIL 
ROUTE FROM CALIFORNIA TO TEXAS 

Celeron Corporation has completed construction of the 
first phase of the new All American crude oil pipeline 
from California to Texas. This $1 billion heated 
pipeline provides for the first time a direct route for 
shipping heavy oil from California to Texas. Accord-
ing to the company, it was built on-time and on-
budget. 

Work on the 1,225-mile, 24-and 30-inch main line be-
tween Santa Barbara, California and McCamey, Texas, 
began in West Texas In June 1985. The line Is 
designed to move more than 300,000 barrels per day 
produced from offshore and onshore California fields 
across the southwestern United States. 

The line is currently being filled with more than 
seven million barrels of oil. Line fill began March 30 
and was expected to require six to eight months to 
complete. 

Phase II 

The stand-alone first phase of the Ali American line 
terminates at MeCamey but work is expected to begin 
shortly on the 500-mile section between the current 
terminus and the final destination of Webster, Texas, 
near Houston. The line has been held up at 
MeCamey over a dispute concerning its potential 
danger to the Edwards Aquifer, which would be 
crossed by the line on its way to the Gulf. 

Although 28 other pipelines already cross the sane 
zone, a federal district court issued an injunction in 
March 1986 to halt construction at McCamey until 
the federal Bureau of Land Management could com-
plete a final supplemental environmental impact 
statement. 

Total length of the final line will be 1,750 miles from 
near Santa Barbara, California to Webster, Texas. 
Most of the line will be 30 inches in diameter. 
Operational capacity should be 300,000 to 450,000 
barrels per day, depending on the gravity of the oil. 
The operating temperature will be 160 0 F, and the 
total transit time from one end to the other should 
be 18 days. 

The line is not totally insulated, but is insulated for a 
distance downstream from each heater station. It Is 
expected that crudes as heavy as 12 0 API can be 
transported. 

Twenty-one pump/heating and three strictly heating 
stations were built to maintain an operating tempera-
ture at 160 0, going to 200 0 at times of low flow. 
All are designed for remote, unattended operation. 

###4 
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ALBERTA ENERGY COMPANY AND HP CANADA TO 
TEST TRANSOIL TECHNOLOGY 

AEC Pipelines, a division of Alberta Energy Company 
Ltd., and UP Canada Inc. are participating in a joint 
venture to develop TRANSOIL oil-lit-water emulsion 
technology for the pipeline transport of heavy oil nnd 
bitumen. 

Presently, viscous heavy oil or bitumen can be shipped 
by pipeline only if it Is diluted or thinned with 
natural gas condensate. There already are industry 
concerns that by the early 1990s the supply of con-
densate will not be sufficient to move the growing 
volumes of heavy oil expected to be produced from 
Alberta's oil sands. 

The new process, known us TRANSOIL, could be a 
cost-competitive alternative to using a petroleum 
diluent. TRANSO1L was developed by UP scientists in 
the United Kingdom in 1983 as part of a cooperative 
research and development program with INTEVEP, a 
Venezuelan oil company. It produces oil-in-water 
emulsions using controlled mixing and low concentra-
tions of commercially available surfactants.	 The
emulsions contain oil droplets with a narrow and 'veil-
defined size range. This results In greater stability 
during long distance pipeline transportation, since 
there are no very large droplets which could settle 
out. As there are also no very small droplets, this 
unique technology allows easier separation of the oil 
from the water by the customer. 

"If successful, this process could have a profound im-
pact on the transmission of heavy oil," said 
F. W. Prato, President of AEC Pipelines. "Results 
thus far clearly merit investment of several million 
dollars for field research." 

The joint venture intends to spend $2 million in 1987 
and possibly up to $9 million for the entire program. 

UP Canada and ARC Pipelines will demonstrate 
TRANSOIt. technology durin• uininer and winter trials 
In 1987 and 1988. Emulsions will be produced at the 
UP Canada-operated Wolf Lake Project and moved 
through AEC's pipeline to its truck terminal at La 
Corey, near Bonnyvillie. 

The feasibility of batching emulsions in a common-
carrier pipeline will also be tested to demonstrate 
fully the TRANSOIL technology as a cost effective 
alternative for the transportation of bitumen. 

it U U 4 

ORS CORPORATION REGROUPS TO PROMOTE ITS 
SINGLE-WELL TECHNOLOGY 

ORS Corporation has been developing its electromag-
netic well stimulation process at a number of loca-
tions (see Pace Synthetic Fuels Report, December, 
1986, page 3-5). However, Mr. R. A. Alexander, 
former chairman of ORS Corporation, was found

guilty of mail and wire fraud In a federal court and 
resigned all positions with the company effective 
April 7, 1987. Inasmuch as the company had been es-
sentially a one man show, a group of investors repre-
senting a large percentage of the outstanding stock in 
the company met in Tulsa to take action. A group 
of these investors agreed to loan the company ur-
gently needed Interim operating funds and retain a 
consultant to evaluate the merits of the technology. 

A second meeting of the investorsreviewed the 
consultant's findings, which concluded that the com-
pany possessed the lead time and the technology to 
become a strong and aggressive company. At this 
second meeting, the board, after review with the in-
vestors, concluded that ORS should file a lawsuit 
against Mr. Alexander for declaratory relief and 
money damages stemming frotn possible Improprieties 
while serving as an officer nnd director of the coma-
pany. Numerous lawsuits have been filed against the 
company and its subsidiaries for nonpayment of 
liabilities owed by the company over the past several 
years and approximately 32 were pending against the 
company as of last year. The company recorded net 
losses of approximately $5 million in 1984, and in 
1905, and approximately $13 million in 1986. 

The company's report of activities is given below. 

Domestic 

In July 1986, ORS executed a farm-out agreement 
with Tenneco Oil Exploration and Production Company 
to acquire 252.5 acres in the White Wolf Field in the 
San Joaquin Valley of California. The cornpanys 
newly developed Retrofit Technology (the ability to 
install the Process on an existing hole) was Installed 
and completion of the well occurred on -,.lay 29, 1987. 
As of June 2, 1987, a temperature increase of 
40 degrees fahrenheit had been observed, and all 
equipment was performing according to expectations. 
In early May, contracts were executed between the 
Company, its subsidiary ORS Development and two in-
dividuals residing in California who have formed 
Pogue Oil Recovery Technologies, Inc., whereby an 
exclusive license to use the Process in California was 
granted. Pogue Oil Recovery Technologies, Inc. has 
just completed a second well on the Tenneco farmout 
and the installation of the process has been completed 
and will be activated within 30 days. An additional 
four wells are planned to be drilled and completed on 
this farmout before year end and will be under 
electromagnetic enhancement, 

Brazil 

The Brazilian operations will begin with a test well to 
be spudded July 18, 1987. The test operations will 
run for approximately four months. A successful test 
well will be followed by a ten well pilot program and 
a contract for 600 wells. These wells will be drilled 
and equipped with the Electromagnetic Single Well 
Stimulation Process over a three year period. The 
contract calls for a fee of $10,000 per well plus a 
fee of $30 per day per well for the economic life of 
the well. The Wells will be located in the Potiguar 
Basin, which extends through the Brazilian states of 
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Ceara and Rio Grande de Norte and contains several 
oil fields with in-place reserves estimated by 
Petrobras to be 4.4 billion barrels. The Brazilian 
operations are joint ventured with Azevedo and 
Travassos S/A of Sao Paulo. 

Canada 

A second well has been drilled and completed on ORS 
Canada's property In the Wlldmere Field in the 
Lloydnsinster area in partnership with 	 Canada 
Northwest Energy Limited.	 Stimulated operations 
started on May 5, 1987.	 The process is currently 
working as anticipated. 

On May 20, 1987, contracts were executed whereby 
ORS Canada, Ltd. transferred all its assets, rights, 
licenses and privileges to a newly formed Canadian 
corporation, EO R Ltd. The Wildmere Field property 
is estimated by OHS to contain about 30 million bar-
rels of oil iirplace in the Lloydminster Sand. EOR 
and its partners have purchased additional acreage 
directly offsetting the second well and this additional 
acreage is estimated to contain about 20 million bar-
rels of oil In-place. Otis believes that a minimum of 
10 percent of the in-place oil should be recoverable 
using the process. EBB and its partners plan to drill 
a substantial number of wells In the next year in this 
field as well as other properties. 

Research and Development at Uentech 

The company's subsidiary, Uenteeh Corporation, 
originally contracted with HT Research Institute 
(IITRI) for a research and development project in con-
nection with the electromagnetic stimulation of single 
oil welts and tar sands. Uentech agreed to pay IITRI 
for its work on the research project up to but not In 
excess of approximately $1,000,000 in addition to 
royalties under license agreements. The company in-
curred approximately $092,000 In project costs since 
inception of the agreement through October 31, 1986. 
These project costs were incurred on several projects 
in an attempt to demonstrate the usefulness of the 
technology. 

In October, 1986, Iicntech and ORS entered into a 
joint agreement with IITRI replacing the original 
agreement that lIrE! had solely with Uentech. This 
now agreement grants Uentech a worldwide exclusive 
license to use IITRI's single well patent rights and 
know-how for the purpose of fossil hydrocarbon fluid 
production. However, IITRI reserves the right for 
processing minerals other than fossil hydrocarbon 
fluids (such as oil shale and coal). 

Uentech is to pay a royalty to [11tH of $10,000 per 
year and specified royalties fro,n revenues earned by 
OHS and Uentech related to the application of the 
technology covered in the licensing agreement. 

#4k 4*

MURPHY OIL NOTES CUTBACKS IN 1986 

Murphy Oil Company's oil and natural gas liquids 
production during 1986 was down nine percent from 
the year before. 

Lower production volumes were the result of lower 
crude oil prices which caused a number of wells to be 
classified as marginal in the higher cost heavy oil 
areas. 

Heavy oil production including Lindbergh was respon-
sible for most of the drop in oil production. This 
resulted from temporary shutdown of wells that will 
be returned to production as price recovers. 

The Lindbergh Thermal Recovery Project had been 
expected to be at full production of more than 
400 cubic meters per day. Instead, alter construction 
of the project was completed, the startup was 
deferred until prices become high enough to exceed 
lifting costs. 

Although steaming of the commercial project was 
deferred, the expanded pilot continued to operate at 
reduced levels. The pilot contributed a small profit 
in 1986, demonstrating that economic feasibility is 
close at hand. 

Heavy oil capital expenditures were held to main-
tenance levels throughout the years. 

After a delay of approximately one year, steam Injec-
tion at the Lindbergh Thermal Recovery Project began 
early in 1987. Original plans for the commercial 
project called for four phases to come on line at 
two-year intervals with each phase involving 50 wells 
and 2,500 barrels per day. 

Research and Development 

Although the 1986 depressed oil price environment 
generally put pressure on research and development 
activities, the company states that it remains dedi-
cated to the development of heavy oil as a significant 
contributor to its long-term future. Heavy oil 
production from enhanced oil recovery pilot projects 
increased from 30 cubic meters per day to 41 cubic 
meters per day, a 33 percent increase over the year 
before, as a result of steam tests In Atlee-Buffalo, 
Bodo, Morgan and Tangleflags. 

An inf ill program scheduled for EyehIU was canceled 
because of the downturn of crude prices. The Bodo 
steam project saw the completion and first cycle 
steam tests of nine wells. 	 Preliminary results were 
very positive. The fireflood, however, encountered 
severe production and treating problems which have 
caused the curtailment of air injection for the time 
being. This action has resulted in improved produc-
tion which could, however, be short lived. 

The Atlee-Buffalo engineering and computer modeling 
studies Indicated the reservoir would be quite respon-
sive to steam stimulation. Single well tests have 
confirmed prior studies. Further work is to be eon-
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ducted	 in 1987-1988.	 The	 single	 well	 tests	 at elusive, the company Is stilt an advocate of minimum 
TanglefIçtgs and Morgan were not as positive or con- severity	 upgrading	 at	 the	 field	 level. Pending	 im-
elusive, proved profit	 margins for heavy oils, 	 further work is 

planned to put the company in a position to fully cxc 
The second phase of a multi-company study of heavy ploit heavy oil opportunities in the 1990s. 
oil handling, transportation and upgrading methods was 
completed. Although the study was	 not totally con-
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GOVERNMENT 

DOE TO LOAN EOR COMPUTER MODELS 

The United States Department of Energy has an-
nounced the availability of a series of five computer 
models. Using them, a petroleum engineer can screen 
large numbers of reservoirs and predict the perfor-
mance of various enhanced oil recovery (Eon) tech-
niques. 

While the computer models can not be used to design 
an EOR project, they can narrow the number of pos-
sible choices, saving time and expense in analysis. 

The Energy Department will loan the predictive 
models, along with their source code and documenta-
tion, to oil companies, universities, state governments 
and other organizations. 

The models are the products of nearly seven years of 
development and were documented by Scientific 
Software, Inc. Each Pertains to a specific type of 
CUR process: 

- Steamflood 
- In situ combustion 
- Polymer flooding 
- Chemical flooding 
- Carbon diodde miscible flooding

The steamflood, carbon dioxide miscible and surfac-
tant flood models were developed originally at the 
Bartlesville Project Office. The National Petroleum 
Council (NPC) reviewed and calibrated the existing 
models and developed similar models for the polymer 
flood and in situ combustion processes.	 The NPC
used the entire set of models In its 1984 study of the 
national EOR potential. With the Council's concur-
rence, the models were documented through a United 
States/Venezuela cooperative agreement and are now 
being made available to the EOR community. 

Using average rock and fluid properties, the models 
compute the possible oil and gas production, economic 
payout, discounted cash flow, and other Information. 
The models are written In ANSII-77 standard 
FORTRAN programming code and can be used on 
small minicomputers with one megabyte or more of 
,memory.

#4 If 
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ENERGY POLICY AND FORECASTS 

INCENTIVES FOR EOR WOULD HAVE POSITIVE 
FINANCIAL EFFECT 

Properly designed tax incentives to stimulate En-
hanced Oil Recovery (EOR) activity could increase 
domestic oil reserves and at the same time generate 
greater tax revenues, according to a report by Lewin 
and Associates. 

The United States Department of Energy, Die Inter-
state Oil Compact Commission and two oil producing 
states commissioned Lewin and Associates to study 
the impact of federal tax incentives, tariffs and tech-
nological advances on oil reserves. Lewin's 
J. P. Drashear presented results of the study at a 
meeting of the International Association of Energy 
Economists in Calgary, Alberta, in July. Lc'vin makes 
the point that the Unites States will abandon, in 
reservoirs already discovered and largely produced, an 
amount of oil nearly 12 times its current proved 
reserves. The United States has produced 130 billion 
barrels of oil and currently has proved reserves of 
approximately 20 billion barrels. Nearly 325 billion 
barrels--two-thirds of the total oil ever discovered in 
the United States--will remain in reservoirs due to 
Die absence of technologies that can produce them 
economically. 

Of this unrecovered oil, nearly 100 billion barrels is 
occluded by physical and geological barriers that 
cause this oil to be bypassed. it can be produced it 
it can be located and contacted. The remaining 
230 billion barrels Is held in the reservoir rock by 
viscous and capillary forces and cannot be mobilized 
by conventional recovery techniques. 

The analysis considered an "implemented" technology 
as compared with an "advanced" technology (reflecting 
the impact of research and development), current 
taxes and selected incentives, and three oil prices, 
ranging from $20 to $28 per barrel (representing 
either price rises or price supports). The state tax 
incentive was forgiveness of incremental production 
taxes until EOU projects reach undiscounted payback. 
The federal tax incentive was to allow the greater of 
cost or a 27.5 percent depletion, where intangible 
drilling costs and the depletion allowance are removed 
as preference items from the alternative minimum tax tax 
(AMT). These taxes were selected as examples of 
strong incentives, not necessarily to recommend them 
a'iiong others that have been proposed. 

EO R Potential in the United States 

Lewin's analysis demonstrated that, without removing 
intangible drilling costs and the depletion allowance 
from the AMT preference items, the incentive had 
little or no effect for operators subject to the AMT. 

Nationwide,	 EOR incremental reserve additions
(excluding Ole portions of reservoirs already undergo-
ing EOR),	 were found to range from 4.2 to

22.5 billion barrels over the cases analyzed (Figure 1). 
Even at $20 per barrel, the EOR potential could 
exceed 12 billion barrels, given both tax incentives 
and technology advances. Across all three prices 
analyzed, both incentives and technology advances sig-
nificantly Increased reserve additions. When both are 
applied, synergistic effects were observed, ranging 
from 30 percent at $20 per barrel to 18 percent at 
$28 per barrel. In general, either incentives or tech-
nology advances had the effect of nearly a $4 per 
barrel increase in oil price; in combination, they could 
yield as much as an $8 per barrel price increase. 

FIGURE 1 
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However, significant reductions in corporate income 
tax receipts could ensue. The "checkbook" effect is 
the estimated loss to the federal treasury, netting 
gains from new projects stimulated against losses 
from projects that would have been profitable without 
the incentive. Other direct (e.g., workers' and 
suppliers' income taxes) and indirect taxes could, 
however, offset these losses sufficiently to break even 
or better In all cases. 

The analysis was then repeated with incentives limited 
to the period until the project reaches the point of 
undiscounted breakeven. This reduced EOIt incremen-
tal reserves additions only slightly. However, under 
this condition combined revenues to the public sector 
remain positive even when the incentives are made 
available (Figure 2). That is, the public sector shows 
a "profit" due to enacting incentives for EOR. This 
"profit" is maximized when the incentives are 
provided in the way of advanced technology. 

3-12	 SYNTHETIC FUELS REPORT, SEPTEMBER 1987



FIGURE 2 

DIRECT PUBLIC SECTOR 
REVENUES DUE TO EOR 

70

Lsg'nd 
60	 SI	 1 

	

D..	 C..,	 bt Cw	 bc.	 - - 
50	 T.c'	 1,0 11,0 A4	 Ad. 

rLJ 

:: d 11 2: 
Oil Pric. (SI 986/0bi) 

Conclusions 

Brashear stated that the benefits of tax incentives 
and research and development programs were defined 
In his paper in the narrowest possible terms. In-
direct, taxable- economic activity due to stimulated 
EO ft development, improved energy security due to 
increased domestic production, improved balance of 
payments due to imports avoided (from $72 to 
$500 billion), and similar benefits to the United States 
were Ignored. Even based on the very narrow 
criterion of "profit" to the public sector, however, the 
following conclusions were derived: 

- At low oil prices (below $28 per barrel), in-
centives are necessary to make EOR viable in 
the United States. 

Properly designed, incentives can stimulate 
enough new projects to yield a net "profit" to 
the Incentive-granting government. 

- Incentives granted by one level of government 
benefit the other level at no cost, so 
state/federal cooperation could further en-
hance tax incentive benefits to each. 

- Incentives allowed to project payback are al-
ways more cost-effective than incentives al-
lowed for the life of the project. 

- Technology advances resulting from a focused 
public/private research and development 
program could synergistically amplify tax in-
centive effects, making both policies highly 
cost-effective and adding significantly to 
United States oil reserves.

Combining tax Incentives with technology improve-
ments can dramatically decrease the threshold price 
for future EOR projects, stimulating production of a 
resource that would otherwise be abandoned, 

ERCR ESTIMATES EFFECT OF OIL PRICES ON OIL 
SANDS START DATES 

Alberta's Energy Resources Conservation Board (ERCB) 
has made an attempt to estimate the date on which 
new oil sands projects could be economically initiated, 
as a function of future oil prices. Some results of 
this effort were discussed by W. R. Towle at the 
Conference on Advances In Petroleum Recovery and 
Upgrading Technology, held in Edmonton, Alberta in 
June. 

Towle observes that the 1986 dramatic decline In oil 
prices has made the time horizon for nonconventlonal 
oil production more uncertain. 	 Expectations of con-- 
tinued research and development programs combined 
with new projects in the near term have been 
decidedly tempered by the uncertainty of oil prices, 
and whether prices will be high enough to support the 
costs of development. 

The ERCB examined the prospects for oil sands 
developments by considering a range of future oil 
prices. Results were obtained by adjusting the on 
stream dates of prospective oil sands projects until 
the revenues generated over the life of the project 
are adequate to cover the costs of production, any 
royalties and taxes, and a suitable return on Invest-
ment.	 This provides an indication of the expected
timing of future developments under the current 
regime.	 Next, taxes and royalties were ignored to 
assess the merit of accelerating the timing of expan-
sions.	 Finally, the proposal for operating future oil 
sands plants as a regulated utility was addressed in 
light of the results. For comparative purposes, the 
resulting forecast of bitumen and synthetic crude oil 
(SCO) production was compared to a case that uses 
the price outlook that was prevalent just prior to 
January 1986 when oil prices began their dramatic 
decline. 

Crude Oil Price Projections 

The forecasts of crude oil prices used in the analysis 
are consistent with those outlined in ERGS Report 
86-A, Energy Requirements in Alberta 1986-2010. 
The price range is shown in Figure 1. The upper and 
lower bounds of the range (Case A and Case B 
respectively) represent two particular scenarios. Case 
A assumes that there 13 agreement between oil 
producers to limit supply In the near term whereas 
Case 13 assumes that the existing crude oil surplus 
continues over the next few years. In both cases oil 
prices are expected to increase in real terms In the 
1990s, prompted by stronger demand and weaker non-
OPEC supply. For comparative purposes a Base Case 
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is also shown in Figure 1 to reflect price expectations 
in 1985, prior to the tall in oil prices.

Cold Lake area as well as the Dome and Murphy 
projects In the Lindbergh area. These costs were ap-
plied to their respective forecast production volumes. 

Assumed Capital and Operating Costs 

Mining plant expansion. A capacity expansion at an 
existing oil sands mining plant of 10,000 cubic meters 
per day at a capital cost of some $3 billion over a 
five-year construction period was assumed. Annual 
capital and operating expenditures are estimated at 
$550 million (1985$).

FIGURE 1

ERCB OIL PRICE FORECASTS 
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Integrated mining plant. A new integrated oil sands 
mining plant is expected to produce approximately 
10,000 cubic meters per day of synthetic crude oil on 
a site north of Fort McMurray. The capital cost of 
the project Is $4.0 billion over a seven-year construc-
tion period (including project design), with a project 
life of 25-30 years. Annual capital and operating ex-
penditures are estimated at $500 million. 

Upgrader. A plant capacity of 5,000 cubic meters 
per day of crude bitumen feedstock and an 85 percent 
SCO yield nas assumed at a cost of $1.2 billion over 
a five year construction period. The upgrader is ex-
pected to be integrated with Edmonton area 
refineries. 

In situ plants. Capital and operating costs of various 
in situ plants were based on applications to the ERCB 
and included the Esso, BP and Suncor projects in the

Results of the Analysis 

The Case A and Case B price forecasts along with 
the cost estimates and Cold Lake royalty regime were 
used in the financial analysis. Project initiation dates 
were adjusted until the real rate of return equaled 10 
or 15 percent. The results of the analysis are shown 
In Table 1.

TABLE 1 

TIMIPC IMPACT OF CASE A AND CASE B 
PRICE FORECASTS ON OIL SANDS PROJECTS 

Standalone 
Real	 Project 

Rate of	 Initiation 
Project	 Return	 Date 

Mining Plant Expansion 

Case A 1096 1300 
Case B 1096 1096 

1596 2000 

New Mining Plant 

Case A 10% 1097 
Case B 1096 1097 

15% 2003 

Upgrader 

Case A 10% 1099 
Case B 1096 1909 

1596 2004 

Esso Cold Lake (Phases 7-10) 

Case A 1096 1986 
Case B 15% 1986 

B.P. Wolf Lake (expansion) 

Case A 1096 1989 
Case B 15% 1390 

Other	 In Situ Plants 

Case A 1056 1987-1989 
Case B 15% 1991-1993
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Towle explains that the financial analysis, using the 
upper and lower bounds of the price forecast, indi-
cated no significant difference in the economic timing 
of a mining plant expansion (1996), a new mining 
plant (1997), or an in situ upgrader (1999). Using a 
15 percent rate of return under Case B, project in-
itiation dates would be delayed by another four to six 
years. Most in situ projects are viable in the latter 
1980s under the Case A price forecast, or the early 
1990s under the Case B price forecast. The Esso 
Cold Lake project for Phases 7-10 is seen to be 
economic today. 

Figures 2 and 3 compare the total revenue require-
ments of an integrated oil sands mining plant 
operated as a public utility over 27 years with the 
total revenues generated by three alternative SCO 
price forecasts. Revenue - requirement basically 
reflects the cost of production in the absence of 
taxes. 

These calculations were carried out because one ob-
jective of the study was to evaluate the viability of 
proceeding with an oil sands plant prior to previously 
forecast on stream dates (1996 for a mining plant ex-
pansion, 1997 for an integrated mining plant) for a 
private enterprise. 

In Figure 2 where plant design and construction is as-
sumed to begin In 1987, total projected revenues are 
only sufficient under the Base Case price forecast 
which prevailed prior to the price decline. rioreover, 
total revenues do not cover total requirements until 
the very end of the operating life of the project. As 
a result, the potential for additional rewards to the 
risk-taker is nil and there is no economic justification 
for Initiating a project in 1987. 

FIGURE 2 
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As expected, Figure 3 shows that an oil sands mining 
plant could be built in the period 1991-1997. 
However, this timeframe corresponds to the period 
when previous analyses have concluded that private 
enterprise could economically invest in oil sands 
plants (under Case A and Case B). Excluding 
royalties and taxes does not appear to make a sig-
nificant difference in the timing. 

Oil Supply Forecast 

The ERCB forecast of available supply of bitumen and 
SCO for Case A and Case B relative to the Base 
Case is shown in Table 2. 

By 1990, net bitumen production under Case A and 
Case B is 99 percent and 34 percent of that forecast 
prior to the price decline. Case A assumes all exist-
ing and proposed commercial bitumen schemes in the 
Cold Lake/Lindbergh area are operative by 1990. 
Case B, however, assumes a delay of eight commer-
cial and one experimental operation until 1991-1993. 

In the longer term, bitumen production from in situ 
projects for Case A and Case B is higher than the 
Base Case forecast because of the significant decline 
in the number of upgraders and less conversion of 
bitumen to SCO. 

With 1986 operating costs estimated at C$16 and 
C$20 per barrel for Syncrude and Succor respectively, 
these plants are expected to continue to operate in 
the short term tinder current low prices. However, 
by 1995, SCO production is not expected to increase 
much above current production levels. 

New mining plants and in situ upgraders after 1995 
are expected to increase SCO production to 
55,000 cubic meters per day by the year 2000, which 
is double today's production level but only three-
quarters of the level forecast prior to the oil price 
decline in 1986. 
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TABLE 2 

AVAILABLE SUPPLY OF 9I1VMflI AND SO)

(103m3/d) 

96 of %of 
Bitum3n Base Case Synthetic Base Case 

Case A 

1986 15.5 90.1 28.1 98.9 
1987 21.7 96.9 28.5 100.4 
1988 27.7 99.3 3010 100.0 
1989 36.7 96.8 30.6 96.2 
1990 41.9 99.3 30.6 06.2 
1995 59.0 110.3 30.8 54.1 
2000 62.4 116.6 55.3 74.4 

Case 13 

1986 15.1 90.1 20.1 98.9 
1987 19.5 87.1 28.5 100.4 
1988 22.3 79.9 30.0 100.0 
1989 25.0 66.0 30.6 96.2 
1990 26.9 63.7 30.6 96.2 
1995 54.2 101.3 30.q 54.1 
2000 61.5 115.0 55.3 74.4 

Base Case 

1906 17.2 28.4 
1987 22.4 28.4 
1988 27.9 30.0 
1989 37.9 31.8 
1990 42.2 31.8 
1995 53.5 56.9 
2000 53.5 74.3

1f 41 fil 41 
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ECONOMICS 

COLD LAKE ADAPTS TO REMAIN PROFITABLE AT 
LOW PRICES 

With the rapid decline in crude oil price in early 1986 
survival became a common theme of every oil 
producer, but was a particular challenge for those 
companies operating in the high cost oil sands busi-
ness. 

High crude prices prior to 1986 provided a strong in-
centive for Esso Resources Canada Limited to aggres-
sively develop oil sands resources. However, strong 
measures to improve profitability at Ease's Cold Lake 
Project were required when crude prices dropped 
dramatically. These measures were discussed by 
R. J. Rodgers at the Alberta Oil Sands Technology 
and Research Authority (AOSTRA) Conference on Ad-
vances in Petroleum Recovery and Upgrading Technol-
ogy, held In Edmonton in June. 

Although the Cold Lake Oil Sands deposit contains 
some of the best prospects for in situ bitumen 
recovery, and Esso Resources has over 20 years of 
operating experience and technology development at 
Cold Lake, in situ oil sands recovery is still a rela-
tively high cost operation compared to most conven-
tional Light oil fields. 

Background 

Esso Resources first began steam injection to recover 
Cold Lake bitumen in 1904 at its Ethel pilot plant lo-
cated near Ethel Luke. The May pilot began opera-
tion In 1972 and together with the Leming pilot which 
was constructed In 1975, were used to advance tech-
nology and improve the economic viability of planned 
commercial development. 

Bitumen at Cold Lake is produced using the cyclic 
steam stimulation method. Following suspension of a 
planned large Integrated bitumen production and 
upgrading project In 1981, Esso Resources instituted 
phased or staged development for Cold Lake. To 
date a total of six Cold Lake Production Project 
(CLPP) phases have been constructed. Each phase in-
corporates facilities to produce 1,500 cubic meters 
per day of bitumen over a 25 year period (Table 1). 

Market 

Canadian demand for heavy crude oils such as the 
Cold Lake bitumen/diluent blend, is relatively small 
and closely related to asphalt requirements in the 
summer season. For this reason the majority of 
Canadian heavy crude is exported to the northern tier 
and mid west United States where refineries are 
equipped to process larger volumes of heavy crude 
into a wide range of petroleum products. 

At high crude prices transportation may not represent 
a large percentage of the cost to produce and market

TABLE 1

ES) HES(IJR(ZS PR(IJJCflG4 FACILITIES 

Production 
Vouzm Initial 

Pilot	 Plants (m Id) Start -up 

May 500 1972 
Leming 2,600 1975 

Commercial phases 

CLPP 1-2 3,000 1985 
CLPP 3-4 3,000 1985 
CLPP 5-6 3,000 1986 

Total t7,100

the product, but at low crude prices the transporta-
tion tariff has a dramatic impact on profitability. 

Before the Crude Price Crash 

Before the crude price crash in early 1986 Esso 
Resources had bullish development plans for Cold 
Lake. From capital expenditure levels of $20 million 
in 1982, investment in 1985 had reached an all time 
high of about $300 million. Staff levels had increased 
by 350 people, in support of both the higher capital 
investment program and near three fold increase in 
?roduction levels (Figure 1). 

Future plans were even more extensive. With the 
successful construction and startup of four commercial 
phases at Cold Lake In 1985, and higher crude price 
projections, plans were to advance Cold Lake 
development as quickly as possible. Plans were also 
well underway to begin development of a large 
upgrader to process Cold Lake bitumen. By 1990, 
capital expenditures would have tripled and both staff 
and production levels doubled over 1985 levels 
(Figure 1). 

Crude Price Crash 

Between January 1986 and March 1986, crude oil 
price, as measured by West Texas Intermediate (WTI), 
fell by over Us$80 per cubic meter. 

Rodgers notes that this crash in crude oil price was 
one of the most significant impacts the oil industry 
had ever seen. The industry suddenly moved from 
emphasizing growth to concentrating on flexibility in 
all aspects of the business to simply survive. 
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FIGURE 1 
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At Cold Lake, In addition to the drop in crude oil 
price, other factors had surfaced. 	 Commercial 
facilities had just started up and were not yet of)-
ti:nized,	 some unexpected reservoir geology and 
production performance anomalies were encountered, 
and price uncertainties caused some crude oil buyers 
to anticipate even lower crude price. 

Figure 2 depicts the economic situation at Cold Lake 
during the oil price decline from the perspective of 
breakeven analysis. 

Cold Lake Is comprised of five major profit centers 
corresponding to the five specific plants operating in 
the area. For this reason, there is no one crude oil 
price that represents the breakeven point for Cold 
Lake. Rather, the breakeven point consists of a 
series of prices each corresponding to a certain 
production volume. For example, at US$80 per cubic 
meter (WTI, FDa Edmonton), the first in a series of 
poorer performing wells would be shut in because they 
are uneconomic to produce. This is illustrated by the 
smaller size bricks located at the top of the solid 
brick wall in Figure 2. 

As price drops further more and more wells would be 
shut In, again on the basis of Individual well economic 
performance. Eventually, if price dropped even lower 
the first of the five plants night be shut down 
depending on the cost of a total shutdown and the 
length of time that the oil price was expected to 
remain at that level. This last step was never 
required and, according to Rodgers, would not Likely 
have occurred unless the WTI crude price remained 
below U S$45 per cubic meter for one year or more. 
Nevertheless, the situation was serious and required 
immediate actions to improve profitability.

FIGURE 2 
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Immediate Action 

In February 1986, when the WTI crude price broke 
below US$95 per cubic meter, contingency plans 
developed earlier were implemented. Key Items 
Included: 

- Capital investment curtailed 
- Noncritical operating costs eliminated 
- Hiring freeze and reduction in part-time staff 

Short Term Action 

With continuation of low crude prices, a second wave 
of initiatives were judged necessary. With close to 
4,000 people working on the problem of low crude oil 
prices, a large number of ideas were brought forward 
In concert with other corporate initiatives. 

At the operating level, activities were focused on 
defining the economic limit for each plant, pad, and 
well. At higher crude prices, this knowledge was less 
important, but with the crude price near or below the 
breakeven point for some welts this knowledge was 
essential. In essence, operation at Cold Lake 
switched from volume maximization to profit maxi-
mization for each of the 1,200 operating 'veils. 

Examples of some of the most noteworthy operating 
related items included: 

Implementation of a major well recompletion 
program to to convert uneconomic wells to 
profitable producers. 

- Readjustment of steam injection into wells to 
allow longer oil production cycles, or use of 
stea,n to improve welibore inflow at the end 
of a production cycle. 
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- Elimination of plant performance bottlenecks 
to increase steam availability for injection 
Into the reservoir. 

- Tightening diluent blending procedures to meet 
pipeline specification without product 
specification give-away. 

- Increased use of lower cost lease gas for 
steam generator fuel. 

- Development of an energy conservation 
program. 

At Ease Resources' head office in Calgary, one of the 
most important issues was that of staffing levels. At 
low crude prices, both current expenditure plans and 
future development pace would be seriously curtailed 
and staff needs reduced. Esso Resources Initiated 
two voluntary staff reduction programs. 

With the completion of the voluntary staff reduction 
programs in June 1986, oil sands research priorities 
were refocused from studies considering alternative 
recovery processes needed in the longer term to re-
search aimed at increased understanding and applica-
tion of cyclic steam stimulation. Rodgers states that 
despite this change, longer term research was not 
stopped completely. 

Within the engineering organizations, Cold Lake 
Operations decided to undertake detailed engineering 
in-house for the next phases of development at Cold 
Lake rather than use contractors as had been done in 
the past. 

The impact of these and other efforts are summarized 
In Table 2. 

Long Term Actions 

Ease's focus for the long teria consists of additional 
fine tuning to improve day-to-day production rates 
and cost performance. 	 There is also more effort

being directed at finding technology breakthroughs to 
Improve profitability at Cold Lake. Thermal Soften-
ing, a process patented by Esso Resources, designed 
to reduce water treating cost and improve service 
factor, is ready for a restart of pilot operation. 
Production volumes are being increased by 3,000 cubic 
meters per day at 60 percent of the cost for a new 
plant through debottlenecking efforts. 

TABLE 2 

RESULTS OF SWWF TEllS! 
ACTIGI IN 1986

Percent 
Improvement	 Improvement 

Production volume 
increase (m°/d) 450 5% 

Operating cost 
reduction	 (10 6 $) 12 1036 

Staff reduction 
(full	 time) 46 1096 

Initial developntn 
cost savings (10 fl 20 5%

Lawns Learned 

Rodgers concludes that if there was one word that 
flowed up from the deep caverns of low crude oil. 
price, the word was flexibility: flexibility in planning 
for the future; flexibility in project development; 
marketing flexibility; flexibility in staffing levels and 
skills; and flexibility in the direction set for the or-
ganization.

tin # 
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TECHNOLOGY 

CANADIAN OXY TO RUN FULL-SCALE PIPELINE 
TEST OF EMULSIONS 

Canadian Occidental Petroleum Limited has been test-
ing the feasibility of transporting heavy oil as water 
continuous (oil-in-water) emulsions. CanadianOxy Un-
dertook the program to determine the appliqability of 
this technology to transportation of heavy oil and 
bitumens in Canada. 

Detailed laboratory and pilot plant test work was 
carried out at the Cities Service Technology Center 
(CSTC) in Tulsa, Oklahoma. A summary of that work 
was presented by E. Yildidm and L. Murphy at the 
AOSTRA conference In Edmonton, Alberta In June. 

In the laboratory, effective surfactant packages were 
formulated and used to produce stable water con-
tinuous emulsions with the majority of the heavy 
crudes and bitumens in Alberta. Two field tests were 
undertaken. One test was in a three-inch diameter 
by 4,300 feet pipeloop in which heavy oil and bitumen 
emulsions were run. 

The second field test was carried out at Westmin 
Resources Ltd.'s heavy oil production facilities at Elk 
Point, Alberta. Emulsions were formed and con-
tinually pumped through a four-inch diameter by 
3,000 foot long line from the production pad to the 
cleaning plant. Emulsion flow rates up to 
3,500 barrels per day were produced under actual 
field conditions. 

Canadianoxy says it Is now working with Trunst'loun-
tain Pipeline Company Ltd. in planaing and engineer-
ing a large scale demonstration test in its commercial 
pipeline system. 

Laboratory Results 

The following heavy hydrocarbons were successfully 
emulsified and passed the stability screening tests in 
the laboratory: 

CaaadianOxy's "Alanatokan" heavy crude 
PCEJ bitumen 
Synerude bitumen 
Suncor bitumen 
C anadianO xy's "Morgan", "Bodo" and "Eyehill" 

heavy crudes 
Dome "Primrose" and Lindbergh" heavy crudes 
B.P. "Wolf Lake" heavy crude 
Suncor "Fort Kent" heavy crude 
Mobil "Lower Sparky Formation" heavy crude 
Ease "Cold Lake" bitumen 
Westmin "Lindbergh" heavy crude 
Murphy "Lloydrninster" heavy crude 
San Miguel, California heavy crude 
Peruvian crudes 

A Pipeloop System was used to measure emulsion 
rheologies at various conditions of temperature, phase

ratio,	 diameter and flow regime (laminar,	 transition, 
turbulent).	 The pipeloop runs were also used to life 
test	 emulsions. Runs	 varied in length	 from	 a few 
hours	 to	 a	 run using	 Syncrude bitumen	 which was 
voluntarily	 shut down	 after	 21 days	 (In	 excess of 
1,700 equivalent pipeline	 miles). 

Field Tests 

Field tests were undertaken at two location in 1986. 
The first test was conducted at Williams Brothers 
Pipeloop Test Facility In west Tulsa, Oklahoma. The 
second test was run at Westmnin Resources Ltd.'s Pilot 
and Cleaning Plant at Elk Point, Alberta. 

The Westmin facilities consist of a pilot plant and a 
cleaning plant. The tests were carried out Ising 
Westmln crude and carrier waters which were either 
field produced brine, effluent water from the cleaning 
plant or fresh water. 

Emulsions were delivered continuously through the 
four-Inch pipeline at rates varying from 1,000 to 
3,500 barrels per day. The emulsions were prepared 
at various operating temperatures and surfactant con-
centrations. The emulsions were shut-in for a period 
of 12 hours each night during the tests and when re-
started the emulsion rheology quickly lined out to pre 
shut-in values. The test data are presented in 
Figure 1 as pressure gradient reductions for emulsions 
as compared to crude oil (based on comparable crude 
oil flow rates). 

CanadianOxy feels that the emulsion technology 
program is ready for commercial testing in a large 

FIGURE 1 

PRESSURE GRADIENTS - 
CRUDE VS EMULSION 
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scale pipeline. Based on the Westmin test, surfactant 
costing 10 to 12 cents per barrel of crude shipped 
will be effective for in-field gathering systems and 
distance of 10 to 15 miles. These costs could be 
reduced further as volumes increase. The economies 
for long pipelines are site specific. 

Potential Applications 

CanadianOxy has lease holdings in areas with substan-
tial heavy hydrocarbon deposits. It sees the need for 
alternate methods for transporting heavy hydrocarbons. 
The long term view Is that emulsion transportation 
technology will be used to transport heavy oil and 
bitumen production to distant markets. However, ini-
tially the technology has to be accepted by Industry 
and will have to be proven in less costly applications. 
The company has identified the following potential 
applications: 

Gathering lines for as produced crude 
Intermediate length clean oil transportation 
Long distance transportation 

The knowledge of surfactants may also be useful In 
downhole emulsification of heavy oil to reduce vis-
cosity. 

Once heavy crude is produced at the wellhead a num-
ber of different transportation methods are used to 
move the crude to a cleaning plant. 

Figure 2 shows a system in which production Is col-
lected initially at the centralized multiwell pad sur-
face facilities.	 The produced fluid is first desanded 
and dewatered (partially). Both crude and brine 
stren,ns are recombined and surfactant is added to 
form a water continuous emulsion which is pipelined 
to a cleaning plant. The recovered brine and surfac-
tant can he recycled and surfactant make-up added as 
required depending on system economics.

Cleaned crude from a particular field could be emul-
sified and transported as an oil-in-water emulsion in a 
feeder pipeline to a mainline terminal (Figure 3). 
Dewatering of the crude could take place at that 
location. The dewatered crude could again be blended 
with diluent to the Interprovincial Pipe Line Ltd. 
(IPL) specification and sent to eastern refineries. The 
brine/surfactant could be recycled to the source 
cleaning plant for further use in transportation in the 
feeder pipeline. This would allow a closed cycle for 
the brine/surfactant solution. It would give eastern 
refineries the option of receiving a blended crude or 
an emulsified crude. 

For long distance transportation, transportation of 
heavy hydrocarbons as oil-hi-water emulsions instead 
of diluent/blends is feasible. A cleaned heavy crude 
could be emulsified and pipeiaed in much the same 
way as diluent/blends are prepared currently. The 
emulsion would be a chemically stabilized oil-in-water 
emulsion which is sufficiently stable to travel the 
required distance.	 A simplified system is shown in 
Figure 4. 

At	 the	 refinery	 the	 emulsion	 would	 be
dewatered/desalted prior to entering the crude unit. 

Demulsification 

The Wcstmin test was successful except for a 12 hour 
continuous demulsification run through Westmin's Free 
Water Inoek Out tank (FWKO) which was only a par-
tial success. 

CanadianOxy is contemplating repenting the FIYKO 
test at its own Morgan Heavy Oil Pilot plant. The 
plant is similar in many respects to the Wastmin 
facility.	 The FWKO unit at Morgan can attain the 
required dernulsifieation temperatures. 	 The unit will
be charged on a continuous basis with a chemically 
stabilized oil-in-water emulsion. 	 Residence time will
be similar to normal practice at the plant. 

FIGURE 3 
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FIGURE 4 
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TranaMountain Pipeline Test 

This test will be undertaken to answer questions relat-
ing to emulsion transportation in a major commercial 
pipeline. CanadianOxy is working with the Trans-
Mountain Pipeline Company to ship a 30,000 barrel 
batch of stabilized oil-in-water emulsion from Edmon-
ton to Vancouver. The pipeline is 714 miles long and 
24 inches in diameter. The test is scheduled for late 
1987. The schedule will be dictated by the 
availability of a processing window at a west coast 
refinery.

heating values than can be derived from pyrolysis of 
the sand. Additionally, the solvent extraction 
mitigates problems encountered in feeding the sand to 
the flash pyrolyzer. 

In another aspect of the invention, the solvent extrac-
tion residue is combusted to form clean sand and hot 
combustion gases. The hot combustion gases can be 
circulated into indirect heat exchange relationship 
with the oil-containing extract in a distillation 
process. The solvent can thus be separated from the 
oil and recovered for reuse. 

In another variation, the raw tar sands are extracted 
with a suitable solvent to form an oil and solvent-
containing extract and a residue. The residue is flash 
pyrolyzed to produce a combustible synthesis gas and 
hot pyrolyzed tar sand. The hot pyrolyze4 tar sand is 
then fed through a combustor for the combustion of 
the residual carbon values on it. The solvent can be 
distilled from the extract utilizing the heat from the 
pyrolysis and/or the combustion stages. 

Extraction of Edna Tar Sand 

Examples are given, based on laboratory studies, 
which demonstrate the separate steps, solvent extrac-
tion of tar sand with combustion or flash pyrolysis of 
the extracted tar sands. 

Bench scale extractions with pentane were carried 
out. Pentane was allowed to filter through the bed 
of tar sands via gravity. The extraction it ambient 
conditions took about four hours and gave a yield of 
16.6 gallons per ton. The character of the 6.7 weight 
percent yield oil is summarized in Table 1. Similar 
results were obtained by extraction with propane. 

TABLE 

)NA TAR SAND PENTANE ErItAcrIa PRODUCT 
# 11 4 U 

PHILLIPS PATENTS COMBINED EXTRACTION AND 
FLASH PYROLYSIS PROCESS 

United States Patent number 4,640,760, 'Process For 
Upgrading Carbonaceous Material Comprising Liquid 
Extraction and Flash Pyrolysis of Extraction Residue" 
has been issued to W. C. Billings and assigned to Phil-
lips Petroleum Company. 

The invention claims to provide an improved tar sands 
extraction process. The invention uses as a reference 
point a process in which whole tar sands are 
pyrolyzed. In the process of the invention, by con-
trast, the raw tar sands are extracted with the sol-
vent to form an oil-containing extract and a residue. 
The oil can be recovered from the extract with good 
economy. The residue can be subjected to Clash 
pyrolysis to produce a combustible synthesis gas. 

As measured on a British Thermal Unit basis, solvent 
extraction of the raw sand, followed by flash pyrolysis 
of the residue on the sand provides greater total

Yield wt% 6.7 
Yield gal.	 oil/ton raw tar sand 16.6 
API Gravity,	 60/60°F 15.7 
Specific Gravity, 	 60/60°F 0.9613 
Pour Point,	 O F 15 

Calculated Caiposition: 
Naphtha (1BN400 0 F) 0.7 voi.96 
Kerosene	 (400-500 0 F) 2.5 
Light gas	 oil	 (500-600°F) 9.8 
V	 (650-10000F) 35.1 
Vac.	 residue	 (1000°F+) 51.9 
Ransbotto,n carbon residue 3.4 
Ash 0.2

Elemental Analysis: wt% 
Carbon	 82.5 
Hydrogen	 11.2 
Nitrogen	 0.9 
Sulfur	 3.5 
Oxygen (by difference)

	
1.9 

Hydrogen/carbon (atom ratio) 	 1.63 
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The extracted tar sands were purged of any residual 
solvent by fluidizing them In a stream of nitrogen for 
ten minutes. As a result of extracting the tar sands 
prior to their pyrolysis they are rendered free flowing 
in a lock hopper and pocket wheel type feeder. Flash 
pyrolysis runs were carried out by allowing the feed 
particles to fall through a vertical reactor with a 
residence time of 0.8 to 2.0 seconds and heated to 
1,100 0 C. Data from these runs are averaged and 
summarized In Table 2.

An overall process material balance was calculated 
for the integrated process based on the laboratory 
data. Table 3 shows the total equivalent energy 
value recovered from the oil extraction and pyrolysis 
process for several individual experiments and for the 
combines calculated example. The combined process 
yields considerably more energy than pyrolysis of the 
sand alone. 

TABLE 2 

GASEOUS YIELDS VIA FLASH PYROLYSIS 
OF EX'IBACrfl) TAR SANDS 

Raw 
Range of 96 carbon on Tar 

Samp les 3 5-7 68 7-9 Sand 

Feed ComposItion: 
Average wt.96 C 4.42 6.13 7.48 8.16 10.8 
lVt.% ii 0.58 0.99 1.08 1.16 1.46 
Gas yield, SCF/ton 3812 4880 6042 4741 3947 

Product Gas 
Composition: nnle% 
H 2 64.5 65.7 63.8 66.5 57.5 

30.0 28.3 27.5 22.7 34.3 
e114 5.2 5.2 6.0 5.1 5.2 
CO2 0.3 0.8 0.6 0.1 3.0 

TABLE 3 

W(ERGY R&X)YERfl) AS OIL ANT) AS GAS BY EXJAL TREAThflIT 
OF AN INDIVIDUAL SAMPLE OF FDNA TAR SAND 

Oil	 Extraction _Pyrolysis 
lVt.% SVt.% SCF/ r418TlJ Recovery 

Runs Solvent Oil C Ton Oil Gas Sum 

1 None Raw 10.6 4804 -- 1.53 1.59 
Sand 

2 Propane 2.2 8.4 3790 0.77 1.25 2.02 
3 Propane 3.6 7.9 8334 1.26 2.75 4.01 
4 Propane 6.5 6.8 6704 2.27 2.21 4.48 
5 Propane 7.8 4.4 4503 2.73 1.52 4.25 
6 Pentane 8.0 4.5 4622 2.80 1.53 4.33 
Calc. Pentane 6.7 7.5 6042 2.34 2.00 4.34

# # it it 
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VERTICAL TUBE REACTOR FOR SEPARATING 
HYDROCARBONS FROM TAR SANDS FROTH 
PATENTED 

United States Patent 4,648,964, issued to J. J. Leto 
et at., and assigned to Resource Technology As-
sociates, presents a process for separating the 
hydrocarbon fraction from a tar sands froth. 

Background 

A number of processes for recovery of bitumen from 
tar sands result in the formation of a hydrocarbon-
water troth having an amount of finely divided solids 
dispersed therein. Typically, about 99 percent of the 
solids consists of quartz grains and clay minerals. 
The maximum sand grains size Is about one millimeter 
in diameter. About 99.9 percent of the mineral mat-
ter is finer than 100 microns. 

In the hot water extraction process, a mined bitumen 
sand is sent to a conditioning drum to form a pulp 
having a solids content of about 70 percent. 
Screened pulp Is sent to a flotation device, where it 
is agitated to introduce air bubbles. Those com-
ponents of the pulp which are least easily wetted are 
preferentially carried to the surface by the bubbles to 
form a froth. This froth Is a fluid emulsion of water 
and hydrocarbons. Nonhydrocarbon solids, such as 
clay and sand, are also typically dispersed in the 
fluid. 

This froth is treated downstream by such processes as 
delayed or fluid cocing, residual hydrocracdng, or sol-
vent deasphalting. In most cases, it is advantageous 
to decrease the water and/or solids content of the tar 
sands troth prior to such downstream processing. 

A method for removing water and solids from tar 
sands froth which is commonly employed is 
centrifugation.	 Other hardware devices which have 
been proposed for solids 	 removal include	 a 
hydroeyclone,	 an electrostatic desalter and an 
ultrasonic vibrator. One difficulty common to such 
hardware approaches is that a solids-containing tar 
sands froth has a highly abrasive nature. 

Other approaches to removal of water and solids from 
a tar sands froth have included chemical additions, 
ranging from a simple diluent addition to more com-
plicated chemical treatments. The cost of reagents 
has an effect on the economics of such processes. 

A number of froth treatment processes involve the 
use of elevated temperatures or pressures during some 
portion of tic treatment. One example is a multi-
step process for treating a bituminous emulsion, the 
first step of which involves a dehydration zone main-
tained at temperatures of about 223 0 F to 550 0 F 
and pressures from about four psig to about 
1,000 psi -, in w:iich vaporized water is removed from 
other constituents of the froth. Solids are separately 
removed downstream. 

A common difficulty with previous froth treatment 
methods is the need for elaborate and expensive ap-

paratus. Previous methods produce only slight, if any, 
increases in settling rates. These methods are ac-
companied by gravity settling which is typically ex-
tended in time, and often must be augmented with 
centrifugation. 

Summary of the Invention 

The new Invention is a process for separating the 
hydrocarbon fraction from a tar sands froth. The 
process comprises heating a fluid stream of froth to a 
treatment temperature above about 300 0 C, pressuriz-
ing the stream to a treatment pressure above about 
1,000 pslg to produce a treated stream, and separat-
ing the hydrocarbon fraction from the treated stream. 
The heat/pressure treatment renders the treated froth 
amenable to rapid phase separation so that the 
hydrocarbon fraction can be segregated by means of 
gravity settling, thickening, decantation, etc. 

The required residence time of the froth at the 
elevated temperature and pressure depends upon such 
factors as the chemical composition of the hydrocar-
bon, the amount of coking that can be tolerated and 
the concentration of solids in the troth, but will 
generally be in the range of one to 15 minutes. 

Following the pressure/heat treatment, the con-
stituents of the froth are separated. The separation 
can be accomplished in a settler, by decantation or 
other similar means. A cooling step, including cooling 
by heat exchange with the untreated froth or by 
other	 cooling	 means,	 can	 precede	 the 
settling/separation. When applied to a tar sands 
froth, the process has been found to result in substan-
tially instantaneous separation (less than 15 seconds) 
of tile hydrocarbon phase from the solids-containing 
water phase. 

In the preferred embodiment the heat/pressura treat-
ment is conducted in a vertical tube reactor. In this 
fashion, the fluid pressure can be substantially con-
tinuously increased to the desired level. In such a 
reactor, at least part of the pressure is provided by 
the hydrostatic head of the feed stream. Heat ex-
change can be conveniently accomplished by arranging 
dowacomner and riser tubes adjacent to one another or 
concentric to one another. A vertical tube reactor is 
inexpensive to install and operate, compared to pre-
vious froth separation apparatus, and can be installed 
at field sites, for example near tar sands extraction 
operations. Vertical tube reactors are capableof 
continuous operation and do not require the types of 
high pressure pumps and valves used by previous 
methods for treating mixtures of hydrocarbons, water 
and/or solids. Vertical tube reactors are not greatly 
susceptible to the breakdowns and maintenance costs 
associated with high pressure pumps and valves which 
would be quickly abraded by the solids present in a 
tar sands froth. 

A vertical tube reactor for separating hydrocarbons 
from a tar sands froth could comprise concentric 
downeomner and riser conduits of sufficient height that 
a column of froth In the downcomer conduit produces 
a hydrostatic pressure at the bottom of the column of 
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at least 1,000 pslg. The process comprises con-
tinuously flowing the froth down the downeomer con-
duit and up the riser conduit. The downcomer and 
riser flows are in heat exchange relationship. The 
flow rate of the stream is such as to maintain the 
stream at a treatment pressure above 1,000 psig for 
between one and 15 minutes. While the stream is at 
the treatment pressure, It Is heated to a temperature 
above 300° C. The treated stream which exits the 
riser conduit, Is gravitationally settled to separate the 
hydrocarbon fraction. 

It has been found that when a tar sands froth is sub-
jected to the heat/pressure treatment described above, 
the treated froth separates into hydrocarbon and 
water phases substantially instantaneously. Since the 
solids contained in the froth are preferentially dis-
persed in the water phase, solids separation is thus 
also substantially instantaneous. 

Example 

A tar sands froth is passed through a separation 
process to separate the hydrocarbon fraction. The 
processing unit Is located in a vertical shaft having a 
depth of about 7,200 feet and a finished casing 
diameter of 24 inches. Suspended In the vertical 
shaft Is the reactor string which consists of two 
coaxially oriented pipes which comprise a dovncorner-
riser system. Attached to the bottom of the 
dotvncorner-riser system is the reactor which consists 
of an inner reactor pipe and an outer reactor pipe. 
The downeomer pipe is a 16 inch pipe 5,000 feet in 
length.	 The riser pipe which is located inside the
downeomer is 10 inch diameter pipe 5,000 feet in 
length. The outer reactor pipe has a 20 inch 
diameter and is 2,000 feet In length. The Inner reac-
tor pipe, which is located within the outer reactor 
pipe, is 2 1 000 feet in length with a 10 inch diameter. 
The inner and outer reactor pipes together comprise a 
reactor volume of 4,360 cubic feet which provides a 
15 minute residence time at reaction temperature and 
pressure with about a 25 weight percent steam and 
about two weight percent gas content. 

The froth feed caters the reactor string and travels 
downward through the annular portion of the coaxial 
pipe downeorner-riser system. The froth Is heated 
through indirect heat exchange with treated froth 
which is traveling upward in the center riser pipe. 
The froth stream is heated to within 500 F of the 
treatment temperature before It enters the outer 
reactor pipe. Supplemental heat is supplied by means 
of indirect heat exchange with a high-temperature 
pressure-balance fluid which occupies the void volume 
surrounding the reactor string. With a 50 0 F ap-
proach temperature at the hot end of the riser 
downeorner heat exchanger, the system lie-at duty Is 
12.75 million BTU per hour. A heat exchange fluid 
flow rate of 1,600 gallons per minute Is required to 
supply this heat duty at a hot fluid-reactor approach 
temperature of 25 0 C. The heat transfer fluid is cir-
culated via a three inch diameter pipe using a 50 psi 
high-temperature centrifugal pump. A gas cap is 
maintained above the heat exchange fluid to provide 
the primary pressure drive forced to overcome the 
pressure head.	 A small air compressor system is

provided for this purpose. A surface gas-fired tube 
heater rated at 15 million BTU per hour is used to 
heat the heat exchange fluid. 

The feed stream which has been heated to about 3750 
C and whose pressure has increased from an inlet 
pressure of 50 psi to a pressure of 2,000 psi enters 
the outer reactor pipe. The temperature of the 
stream is increased to a treatment temperature above 
about 400 0 C. The pressure is Increased to a treat-
ment pressure above about 2,000 psi. The stream 
passes through the outer reactor pipe and into the in-
ner reactor pipe at a flow rate which provides a total 
reactor residence time of about 15 minutes at a 
stream feed rate of 10,000 barrels of bitumen per 
day. As the treated stream passes out of the inner 
reactor pipe and into the riser pipe, cooling of the 
treated stream is initiated by heat exchange contact 
with the incoming froth teed stream. The tempera-
ture and pressure of the treated stream decreases as 
It flows upward from the reactor zone. When the 
treated stream exits the riser pipe the temperature is 
about 150 0 C and the pressure is about 250 psi. 

Upon leaving the reactor system the treated stream is 
fed into a gravity settler in which the hydrocarbon 
fraction, comprising less than one weight percent 
solids and less than five weight percent water, is 
separated from the treated stream. 

44 # 

STEAM REACTS WITH FORMATION SAND UNDER 
IN SITU CONDITIONS 

The practice of such in situ recovery techniques as 
steam flooding and cyclic steam stimulation involve 
adding heat and large volumes of fluids to the reser-
voir. These techniques decrease the viscosity of the 
bitumen, allowing it to flow. However, the condens-
ing steamn creates artificial hydrother mal condltio,is, 
and mineral solution and precipitation can occur. 
These reactions can result in detrimental reductions in 
the porosity and permeability of the reservoir. 

Insight Into the mineral reactions that occur as steam 
condenses during a steam flood has been reported by 
J. S. Xirk, G. W. Bird, and F. J. Longstaffe in the 
Bulletin of Canadian Petroleum Ceojl, March 1987. 
They studied in a controlled environment, mineralogi-
cal changes that occur in the Clearwater Formation 
at the Husky Oil, Tucker Lake pilot site during a 
steam injection recovery as the steam condenses, and 
the specific effects that these changes have on reser 
voir permeability. 

Sand packs were fabricated from bitumen-free sand 
and also bitumen-saturated sand. Aqueous solutions 
similar to injection fluids used in steam-injection 
projects were prepared by addition of UaOII and/or 
NaCl to deionized water. 

Four parameters were varied to determine their ef-
fect on the type and extent of mineral reactions, and 
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the subsequent permeability change that occurred In 
each sand pack. These variables were: 

- Presence or absence of bitumen 
- Salinity of injection fluids 
- p11 of injection fluids 
- Flow rate of the injection fluids 

The grain-size distributions of the preflood and post-
flood materials were determined using hydrometer and 
wet sieve analyses. The pore-space mineralogy and 
textures of each sample were studied using scanning 
electron microscopy (SEM). X-ray diffractogra:ns 
were obtained for each sample to determine bulk 
mineralogy. 

Selected cation and 00 2 concentrations of the 
production fluids were determined using Inductively 
Coupled Argon Plasma (lOP) and Total Inorganic 
Carbon (TIC)) analyses, respectively. 

Results 

The permeability of the three bitumen-free sand packs 
to injection fluid decreased during the course of the 
experiments (Figure IL The permeability reduction in 
sand pack No. 2 was 98 percent. The permeability of 
sand pack No. 3 had decreased by 85 percent when It 
was measured three quarters through the run. The 
reduction in sand pack No. I was 50 percent. 

FIGURE 1 

PRE- AND POST-FLOOD PERMEABILITIES 
OF SAND PACKS #1, #2 AND#3

AU four experiments resulted in the following changes 
to the sand packs: 

- A decrease In grain size 

- A decrease In dolomite abundance 

- A decrease in kaotlnite abundance in the finer 
fractions 

- Evolution of 00 2 from the sand packs 

- Precipitation of srnectite rims on framework 
grains 

- Precipitation of calcite in the pore spaces 

- A reduction in permeability 

The production fluids from each sand pack were 
super-saturated with silica (Figure 2). 

Based on the above observations the authors propose 
two mass balance equations for the mineral reactions 
that occurred during the sand pack floods. Both In-
volve the production of smectite, calcite and 002 
from the solution of dolomite, kaolinite and quartz, 
High Initial 00 2 and Si concentrations in the produc-
tion fluid suggest that the solution kinetics are rapid. 

FIGURE 2 

SILICA CONCENTRATION IN 
PRODUCTION FLUIDS, RUNS #1 AND #2 
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PROPERTIES OF GAS OIL 
FROM A AThABASCA SY?UDE 

Gravity,	 API 16.7 
Density,	 150C 0.955 
Sulfur,	 Wt.% 0.40 
Nitrogen,	 ppm 1510 
Ita,mbottm	 C.R.% 0.26 
Nickel,	 ppm 0.05 
Vanadium,	 ppm 0.07 
Viscosity,	 cst@15°C 190 
Distillation,	 °C 

181' 396 
10% 400 
5096 437 
90% 501 
FOP 570 

Hydrocarbon Conposition, LVM 
Paraffins 4.8 
Naphthenes 36.0 
Aromatics 52.1 
Aromatic Sulfur 2.9 
Polar Compounds 3.6 
Unidentified 0.7

The PH of the injection fluid had the greatest effect 
on the smectlte-producing reactions; higher p11 injec-
tion fluids resulted in greater solution of quartz and 
precipitation of smectite and calcite. The presence 
of bitumen decreased the extent to which the reac-
tions occurred by armoring the grains. Higher flow 
rates resulted in greater volumes of fluid passing 
through a sand pack which, In turn, caused greater 
mineral solution and precipitation relative to the 
slower flow rates. 

Permeability damage was mostly caused by smectite 
growth. Smectite increased the amount of material 
in the pore space. Its fabric created a microporosity 
network that restricted flow and resulted In higher 
residual bitumen saturation. 

A decrease in injection fluid salinity caused swelling 
of smectite. This behavior decreased porosity (and 
permeability) because smectite occupied more pore 
space volume with increased hydration. Migration of 
fines also contributed to permeability reduction when 
the fines accumulated at, and blocked, pore throats. 

The greatest permeability damage occurred to the 
sand pack subjected to the high pH, low salinity, in-
jection fluid at low flow rates, followed by the sand 
pack subjected to the high pil, low salinity, Injection 
fluid at high flow rates. The least damage occurred 
In the sand puck subjected to the neutral pH, high 
salinity, injection fluid at low flow rates. These 
results Imply that higher flow rates reduce the effect 
of permeability damage caused by high p11 injection 
fluids.

by optimizing gas oil conversion to Increased yields of 
jet and, diesel fuels. This operating regime reflects 
the long term emphasis on higher distillate yields to 
meet a projected Increase In demand for these fuels 
in Canada. 

Athabasca synthetic crude from fluid-coked bitumen 
(Syncrude Canada Ltd.) was distilled into three frac-
tions, a naphtha fraction, 181' - 149 0 C, a wide range 
middle distillate, 149-385 0 C and the remaining gas 
oil fraction 385-525 0 C. The properties of the gas 
oil fraction are presented in Table 1. It represents 
21.5 percent of the total; a unique property is its 
high aromaticity (52 percent). 

A micro pilot plant unit was used to carry out 
hydrocracking experiments. Two catalysts with 
markedly different support compositions were chosen 
for gas oil hydrocracking.	 Catalyst A consisted of 
nickel-tungsten on a proprietary silica-alumina support 
which was fluorlded. Catalyst B (Itatalco NT-550) 
contained nickel-tungsten on a gamma-alumina sup-
port. 

Optimum conditions were established as 20.7 MPag, 
405° C and 0.5 LIISV. 

Results 

It was found that catalyst A is more active but 
reaches a maximum conversion at 405° C. 

# it it it

TABLE 1 
HYDROCRACKING ATHABASCA GAS OIL YIELDS 
SPECIFICATION FUELS 

Canadian refining of synthetic crude oil from the 
Athabasca deposit represents a major advance in the 
utilization of the resource. Processing of syncrude 
from the Athabasca region has been limited due to Its 
high nro.natieity, and blending Into conventional 
feedstocks was necessary. Ilydrocracking of synthetic 
crude heavy gas oil is currently practiced by Petro-
Canada and Shell, as part of overall syncrude refining 
operations. Products from hy'Jrocracking are blended 
wit'i those going to naphtha liydrotreating and reform-
ing and middle distillate processing to produce a 
range of transportation fuels. These recent develop-
ments are based on extensions of existing technology; 
further research could lead to improved processing ef-
ficiency. 

Research in this direction was reported at the 
American Chemical Society meeting in Denver last 
April by M. Wilson of CANMET, and R. Simmons and 
H. Notzl of Petro-Canada. 

They presented results of pilot plant experiments in 
which Itydrocracicing was evaluated as part of the 
overall syncrude refining model. The processing 
scheme gives priority to middle distillate production
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Selectivity in gap oil hydrocracking operations may be 
interpreted as the successful cracking of large 
molecules while avoiding excessive production of light 
ends and coke. Concerning catalyst life, the catalyst 
with the lowest start of run operating temperature, 
for any given conversion, offers the most leeway for 
counteracting activity loss by increasing temperature. 
Since catalyst A offered the lowest starting tempera-
ture, and the selectivity was comparable to that of B, 
catalyst A was used in experiments. 

Approximately 30 liters of raw syncrude gas oil was 
run through the microrenctor over a three-week 
period. Table 2 shows product data from the run.

Figure 1 summarizes product components and yields of 
the hydrocrackiag configuration as a stand-alone 
process and is based on the input of one cubic meter 
of synthetic crude. The input column is the quantity 
of each principal fraction in the crude and the output 
column demonstrates the effect of hydrocracking on 
the overall product distribution. Figure 1 also in-
cludes the percentage changes of the different crude 
fractions. The most significant effect of hydrocrack 
ing on the distribution of fractions was a 73 percent 
reduction of gas oil by direct conversion to middle 
distillate whose fraction in the total product was in-
creased by 24 percent. 

TABLE 2 

IIYDIfli1AQC I til RESULTS
(Pressure, 20.7 MPag; Tarperatiare, 405°C; 

L1ISV, 0.5; Gas Rate, 800 1/1) 

Feed Product 

H 2 Consumption,	 1/1 (SCFB) -. 225	 (1264) 

Yields 
Spec. Gravity @ 15 0C 0.0549 0.8487 
Vol/vol 96 of TLP on feed -- lli.4 
Wt.°6 TIP on feed -- 98.4 

Distillation,	 0060C 
11W 396 78 
101,16 408 132 
50% 437 
80?6 -- 392 
90% 501 
FlIP 570 

086 Distillation Discontinued @ 3900C 

Sulfur,	 ppm 4000 6 
Nitrogen, pn 1510 <1 

TLP Composition, 3850C 
Mass Spectrometry wt.% 

Paraffins -- 6.4 
Naphthenes -- 81.5 
Monoaromatics -- 9.5 
Diaromatics -- 0.4 
Tri q ro,natics + -- 1.8 
Thiophenes -- 0.4 

TIP Conposition, 3850C+ 
Mass Spectrometry wt.%

Paraffins 4.8 13.0 
Naphthenes 36.0 79.4 
Monoaromatics 3.7 
Diaromatics 52.1 1.3 
Triarornatics + 1.1 
Thiophenes 2.9 0.4 
Polars 0.6 1.1
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FIGURE 1 

PRODUCT YIELDS FROM GAS 
OIL HYDROCRACKING 

ISSUT	 ,,fluT 

CRUU4CCPIFTISS	 .,J.n,T.taS c.a$SS 

23.3 I.	 LISWTSfl—	 S,ntasy,..	 _..,.'i.,.	 43.4 L +66% 

157.01.	 •.,nn —	 •.nutssn..	 _..nn.a	 168.61. +20% 

804.2 L	 •ini&s*yt	 STIQS	 — S!STIUSTI	 749.6L .24% 

215.51.	 •n*'t	 MVD.Sc*.c'.o __...noa	 58.71. -73% 

—	 S. ......-. -. 

1.0 in 3 Syncrtid.	 1040.3 I. .4% 

The researchers found that the naphtha produced con-
tained a higher naphthene concentration than conven-
tional naphtha and less paraffins and aromatics. As 
catalytic reformer feedstock It had the potential to 
produce a highly aromatic product through naphthene 
dehydrogenation. 

Jet Fuel and Diesel 

Jet A fuel was produced by taking the full range 
middle distillate product and fractionating to meet a 
3000 C distillation end point. This was done to meet 
the maximum density specification of 839 kilograms 
per cubic meter. Consequently, the density and vis-
cosity were at the high end of the specification range 
and this was due to the high level of cycloparaffins. 
Table 3 lists product properties and specifications, and 
good results were obtained showing low freeze points 
and low aromatic contents. All the specification 
requirements were met or exceeded. 

Jet B fuel was prepared by back blending depcn 
tanlzed naphtha with the PIP to 300 0 C fraction cut 
from the middle distillate product according to stand-
ard refinery practice. This procedure also moderated 
the distillate density and viscosity which were high. 
Jet B fuel properties and specifications are also com-
pared in Table 3 and again very low freeze points and 
aromatic contents are shown. This resulted in good 
smoke point values and jet fuel thermal oxidation test 
results. The product was found to be sonenhat 
heavier than conventional Jet B fuel due to the high 
naphthene content. 

TABLE 3

PROPEBTI ES OF JET FUELS FROM HYDX2IA(S I M3 
OF SYWflItFIC GAS OIL 

•Q3$fl Jet A Jet A CGSB Jet B Jet B 
Sped- Pro- Sped- Pro-

fication duct fication duct 

38	 (mm) 54 --
-- -- 21 (max) 15.9 

Flash Point, °C 
Reid Vapor Pres., kPa 
Freeze Point, °C 

Summ r 
Winter 

Kinematic Vis. 
cST. @ -200C

Distillation, °C 
10% 
50% 
90% 
FlIP 

Density, kg/m3 
O 15°C 
Net Heat of Combustion 

PIG/kg 
Aromatics, %vol 
Luininonieter no.

-41 (max)
-47 (max)

8 (max) 

204 (max) 

300 (max) 
774 (mm) 
839 (max) 

42.8 (mm) 

22.0 (max) 
45 (mm)

-51 (jinx)	 -65 

87 
188 (max) 118 
243 (max) 245 

260 
750 (mm) 769 
801 (max) 

42.8 (mm) 43.2

6.6	 25.0 (max)	 4.8 
49	 45 (mm)	 72 

-61 

6.5 

189 
227 
269 
281 
842 

42.9 

'Canadian General Standards Board
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The full range middle distillate easily met the 
Canadian Type B diesel fuel specification. The pour 
point met the Type A and AA specifications, but the 
cloud point and 90 percent recovered boiling point did 
not. Nevertheless, the full range material would 
make an acceptable low pour diesel fuel for tempera-
tures down to -27 0 C. The octane number was 46 as 
measured by engine test. Again, relative to commer-
cial fuels this fuel was highly nnphthenlc. 

The study authors conclude that hydrocracking will be 
an essential part of future syncrude refining opera-
tions where the feedstock is unsuitable for conven-
tional fluid catalytic cracking. 

It U it It 

BENEFITS OF BITUMEN DILUTION REVEALED BY 
UNIVERSITY OF UTAH 

Research at the University of Utah, Salt Lake City, 
Utah, has revealed exceptional benefits associated 
with diluent addition when processing United States 
tar sands. Some of this work was summarized 
recently in the AOSTRA Journal of Research. 

It is well known that tar sands with bitumen viscosity 
close to that of heavy oil can be more easily 
separated by hot-water processing than tar sands in 
which the bitumen is semi-solid at ambient tempera-
ture. Bitumen which forms droplets at the tempera-
ture of processing is easily released from sand sur-
faces. however, such disengagement or release of 
bitumen is not always easily accomplished due to 
physical entrapment of bitumen within cracks, pores, 
and capillaries, and due to the stability of very vis-
cous bitumen layers which do not undergo deforma-
tion. University of Utah researchers have found that 
the ability to disengage bitumen from sand grains is a 
critical feature in the processing of consolidated tar 
sands such as prevail in Utah deposits. 	 Bitumen
nobility in the tar/sand matrix increases at elevated 
temperature. however, for some tar sands, even a 
)rocessing temperature of 950 C is not sufficient to 
create a fluid bitumen rather than a semi-solid. In 
these cases a diluent must be applied for further 
reduction of bitumen viscosity. Generally, the volume 
of diluent required to achieve acceptable viscosity is 
only a small fraction of the volume of bitumen in the 
tar sand. 

Diluent in hot Water Processing 

Use of diiitcnt in the hot water process has been 
practiced or recommended for many years even for 
Athabasca tar sands. V/odc at the University of Utah 
has correlated bitumen viscosity during digestion with 
separation efficiency and process yield. Due to a 
very high bitumen viscosity, most United States tar 
sands require diluent addition to facilitate bitumen 
disengagement and displacement from sand. Diluent 
application Is critical when processing is carried out 
at a moderate temperature rather than near the boil-
ing point of water.

Past processing strategies recommended diluent addi-
tion directly during digestion of the tar sand. Such a 
technique works only for tar sands for which the 
penetration time (time necessary for organic solvent 
to completely penetrate the bitumen phase) Is shorter 
than or equal to the time of digestion. Some tar 
sands require a longer penetration time, and In such 
cases an extended pretreatment step is required. The 
diluent-assisted hot water separation technology 
developed at the University of Utah uses liquid 
hydrocarbons In two steps: 

- For tar sand pretreatment 
- During bitumen concentrate cleaning 

The diluent used in the pretreatment step is a minor 
component of the total bitumen-diluent solution and 
this diluent-assisted hot-water process should not be 
confused with a solvent extraction proces. In the 
solvent extraction process the solvent is the major 
component, and water und/or steam is used for secon-
dary purposes such as solvent replacement from tail-
bigs sand. 

Processing variables for solvent extraction and for the 
diluent-assisted hot-water process are compared in 
Table 1. From these data, It is clear that the mass-
transfer conditions differ significantly in each process 
due to varying bitumen-solvent ratio, bitumen-solvent 
contact surface, the amount of sand or water accon-
panying the bitumen, and the temperature of process-
ing. 

Kerosene is generally used as the diluent. Paraffins, 
which make up about 75 percent of the kerosene, are 
unable to dissolve asphaltenes. However, asphaltene 
precipitation should not be expected when the diluent 
concentration is less than 35 percent. 

Bitumen Recovery Experiments 

In the work reported by J. Miller, J. ilupka and 
A. Oblad, bitumen recovery experiments were carried 
out using both laboratory-scale equipment and a 
100 tons per day pilot plant facility. Tar sand sur-
face samples from five locations within the United 
States and one from Athabasca were used for bitumen 
recovery in the laboratory experiments. Basic charac-
teristics of all samples processed are presented in 
Table 2. When appropriate, the feed tar sand was 
sprayed with kerosene as a diluent, and sufficient 
time was allowed for the kerosene to penetrate into 
the tar sand and dilute the bitumen phase. 

Results from laboratory hot-water experiments are 
presented In Table 3. The processing efficiency is 
evaluated by calculating the coefficient of separation, 
which indicates the fraction of the feed material 
which undergoes perfect separation. By definition, 
the coefficient of separation Is equal to the dif-
ference between weight percent recovery of bitumen 
In the concentrate and the weight percent recovery of 
sand in the same concentrate. 

Only for two tar sands (McKittrick and Sunnyside) has 
the coefficient of separation been limited to values of 
less than 0.90.	 McXittrick tar sand contains 
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TABLE 1 

COMPARISON OF SOLVENT EXTRACTION AND 
DIUM4T -ASS! Sit) IIJT-Kkltt SEPARATION 

Diluent-Assisted 
Hot-Water Separation 

Solvent Concentrate 
Extraction Pretreatnnt Cleaning 

11(4-8) 1/(0.1-0.4) 1/2 
large' largea snull 

5-15 5-15 40-85 
0-4 0-4 10-20 

60-70 63-94 10-40 
80 20b 50-70 

Bit unen/Soivent Ratio 
Contact Surface 
Blturmn Content of Mix, wt% 
Water Content of Mix, wt% 
Solids Content of Mix, wt% 
Teaperature, °C 

a Due to ore porosity 
b nbient tenperature

TABLE 2 

GIARAC TER ISTICS OF TAR SAND SAMPLES 
USED IN IJYF-VL4TFJL SEPARATION TESTS 

Nature Mount 
Of Bltutnsn of Sand 

Origin of Tar Bitunun Viscosity Particles 
Tar Sand Sands Content (Pa s) >100 'si 

(%) 500C	 90°C (Wt%) 

McKittriciz tiC 13.2 1.0	 0.1 35 
M. West	 ii tiC 5.7 100.0	 3.0 14 
Asphalt Ridge UC 11.5 80.0	 1.2 8 
P.R. Spring Rainbow C 11.9 280.8	 4.5 19 
P.R. Spring South UCC 5.0 >10	 >103 21 
Sunnyside C 9.5 1500.0	 13.0 25 
White Rock C 7.5 110.0	 2.5 18 
Wyoming I UC 11.0 40.0	 1.3 40 
Athabasca UC 14.5 5.0	 0.2 14

a c = consolidated; UC = unconsolidated 
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TABLE 3 

THE INFLUENCE OF PROCESSING PARAMETERS IN HOT-WATER EXPERIMENTS 

Bitumen Bitumen 
Pro- Di- Viscosity Recovery Coeffl-

cessing luont During Bitumen in cient 
Temper- Addi- Pro- contentb Coneen- of 

Origin of ature tlon' cessing (Wt%) trote Sopor- 
ThI'SSIXI (°C) (Wt%) (Pa s) Conc. Tail. (Wt%) ation 

McI{Ittricis 53 0 0.7 53 0.9 95 0.82 
20 11 0.9 46 1.2 93 0.77 
35 0 4.5 25 1.8 93 0.51 

M. West	 II 70 9 1.1 66 0.2 98 0.94 
50 15 1.2 62 0.2 97 0.93 
55 11 2.0 45 0.4 94 0.67 

Asphalt Ridge 95 0 0.7 71 0.6 96 0.91 
52 17 0.8 69 0.9 93 0.88 
29 25 1.1 49 1.1 93 0.80 
50 10 3.0 35 1.3 92 0.70 
64 0 9.5 18 2.2 89 0.34 

Sunnyslde 0 88 13 1.2 41 0.5 96 0.31 
66 20 1.0 41 0.6 95 0.80 
54 30 0.7 39 0.5 96 0,80 
30 38 0.9 32 0.8 94 0.73 
60 15 8.0 20 2.0 88 0.51 

V'yo'nlng 88 0 1.2 39 0.1 99 0.91 
55 15 0.8 57 0.2 99 0.89 
33d 25 0.7 44 0.2 99 0.83 
05 0 7.0 20 1.6 91 0.59 

Athabasca 90 0 0.2 74 0.3 08 0.92 
74 0 0.9 77 0.2 90 0.94 
49 8 1.0 72 0.3 98 0.92 
38 10 1.1 54 0.4 98 0.84 
28 12 1.2 50 0.5 98 0.81 
43 5 2.2 41 1.3 94 0.72 
55 0 3.5 35 1.4 94 0.64 
46 0 7.1 28 2.0 93 0.32 

U With	 respect	 to the bitumen 
b Diluent subtracted 

Undigested aggregates (middlings) Were present at each processing temperature. Middlings 
were screened from tailings and not	 included in calculation of C.S. d Undigested aggregates (middlings) were present at this process temperature.

diatomaceous earth which exhibits a high adsorption 
potential as indicated by the high bitumen content in 
the tailings stream. For Sunnyside tar sand, micro-
scopic analysis reveals that many coarse sand grains 
with attached residual bitumen report to the con-
centrate, which implies inefficient dilution with sol-
vent.

A general trend that can be observed for all samples 
tested is that the separation efficiency decreases with 
a decrease in processing temperature, even thoitgh the 
bitumen viscosity was maintained In the recommended 
region of 0.5 to 1.5 Pa s by increased diluent addi-
tion. The drop In separation efficiency Is negligible 
for temperatures above 500 C.	 However, for tern-
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peratures below 500 C, the separation efficiency 
decreases significantly. 

The data in Table 3 also support the Utah research 
team's previous findings on the effect of bitumen 
solution viscosity on the separation yield. The 
bitumen grade in the concentrate drops dramatically, 
Indicating incomplete liberation of bitumen from sand, 
when the bitumen viscosity at the temperature of 
processing increases about 1.5 to 2.0 Pa 5. 

Processing Features 

The size-reduction method used strongly depends on 
the tar sand origin. Some tar sands, such as the 
Athabasca tar sand, do not require further size reduc-
tion other than that obtained during mining and pass-
ing through a grizzly screen. Tar sands from most 
United States deposits generally must undergo addi-
tional size reduction. The sticky nature of bitumen 
not only requires special techniques in crushing and 
screening but also causes secondary consolidation of 
the feed during storage. In order to prevent con-
solidation, spraying diluent on the tar sand during 
transport by belt conveyer can be useful, as shown 
schematically in Figure 1. 

FIGURE 1 

EXAMPLE OF BITUMEN DILUTION 
DURING TAR-SAND TRANSPORT 

DILUENT 

CONTROL

VALVE 
CRUSHED	 ASPRAYER TAR SAND  

LOAD CELL CONVEYER 
BELT 

PILED TAR SAND 

In addition to preventing consolidation, the diluent 
controls the bitumen viscosity within the desired 
range of 0.5 to 1.5 Pa s at the temperature of 
processing. In the tests with Sunnyside, White flock, 
and Asphalt Ridge tar sands, it was found that 
kerosene nddition, immediately after crushing, lowers 
the energy of cohesion of bitumen and improves han-
dling of the stored feed material.

Dfluent Loss 

Diluent loss during diluent-assisted hot-water process-
ing must be considered from economic and environ-
mental standpoints. Early studies indicated that a 
one to three percent loss occurred when diluent was 
added to the digester. In experiments involving 
pretreatment, 96 percent of the diluent was recovered 
with the concentrate, as can be seen from kerosene 
mass balance in Figure 2. As is evident in Figure 2 
the most substantial diluent loss is to the tailings 
stream. Diluted bitumen, or diluent itself, did not 
form a dispersion in water despite contact with large 
amounts of suspended matter which might be expected 
to stabilize such a dispersion. Part of the 
0.6 percent of diluent present in the tailing might be 
recovered by skimming from the surface of water in 
sedimentation tanks and tailings ponds. 

Impact 

The University of Utah researchers have confirmed 
the critical impact of bitumen viscosity on separation 
efficiency in the hot-water processing of tar sands. 
Control of bitumen viscosity by diluent application al-
lows a reduction in digestion temperature to 500 C 
with only a slight decrease in separation efficiency. 

Diluent addition to a feed of blended tar sand types 
resulted in spherical agglomeration of sand grains 
covered with more viscous bitumen. These aggregates 
are generally richer in bitumen than the feed and 
may be considered as another product of the hot-

FIGURE 2 

KEROSENE DISTRIBUTION IN PRODUCTS 
FROM THE HOT-WATER PROCESSING

OF TAR SANDS 
Pretreatment

100% 

Concentrate	 Recycled	 Tailings	 Loss*

 96%	 3.3%	 0.6%	 <01% 

due to spills, evaporation, etc. 

water processing of tar sands in addition to the 
bitumen concentrate and tailings. 

Finally, even distribution of diluent on the crushed tur 
sand prevents secondary consolidation and thus 
facilitates feeding of the reactor. 

U it 
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INTERNATIONAL 

PETRO-CANADA ASSISTS JORDAN HEAVY OIL	 the Natural Resources Authority (NRA) of Jordan, 
PROGRAM	 PCIAC conducted preliminary evaluations of the heavy 

oil deposits of the Wadi Rajll-Ilamzeh area of the 
Petro-Canada International Assistance Corporation	 Azraq region.	 The PCIAC team has subsequently 
(PCIAC) reports that the hydrocarbon potential of 	 developed a broader program of technical cooperation 
Jordan is thought to be large, because of the number 	 and exploration assistance to the NRA. 
of surface indications, shows in wells already drilled 
and the recent discovery of the Flamzeh oil field in 
the northeast.	 Following a request in July 1086 by
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ENVIRONMENT 

DREDGING OIL SANDS OVERBURDEN WOULD 
PRESENT AN ENVIRONMENTAL CHALLENGE 

Low-cost mining methods are vital for oil sand sur-
face mining and extraction plants. One potential low-
cost method which has been under study by Syncrude 
Canada Limited is the use of hydraulic dredging to 
remove overburden. 

On the Syncrude lenses, overburden thicknesses are 
increasing and stripping costs are adding to the 
production costs for synthetic crude oil. Overburden 
prestrip volumes will exceed 30 million bank cubic 
meters annually by 1990 for a plant production level 
on the order of 50 million barrels per year of syn-
thetic crude oil. For any price relationship for crude 
oil, reduced overburden stripping costs will expand the 
economically mineable oil sand resource. 

Dredging and hydraulic transport are widely practiced 
materials handling technologies and ideal dredging 
operations can move large volumes of material very 
economically. In considering dredging as a means to 
remove the Pleistocene and Cretaceous clay-shale 
overburden materials, D. Kershaw of Syncrude says 
that the key issue is the ability to dispose of the dis-
persive clay materials in an environmentally accept-
able manner, in stable waste dumps, without creating 
nonconsolidating sludges. 

Speaking at the AOSTRA Conference on Advances in 
Petroleum Recovery and Upgrading Technology in 
June, Kershaw said that in 1985 and 1986, Synerude 
and AOSTRA carried out a joint program at 
Syncrude's Mildred Lake site to investigate, on n field 
test scale, the feasibility of hydraulically disposing of 
overburden materials. 

Field Test 

A site was selected containing Pleistocene lacustrine 
clay and till materials overlying silty-clay Clearwater 
Formations. The surface muskeg was removed and 
some prestripping carried out to create an initial 
dredge pond and expose the Clearwater Formation for 
dredging. A mid-size (406 millimeter) commercial 
dredge, under contract, was used to excavate the 
overburden and pump the lump slurries. 

The primary objective of the program was "to assess 
the feasibility of constructing a stable overburden 
dump amenable to reclamation using n hydraulic dis-
posal technique with tailings pond sludge and pond 
water as the transporting fluid." 

Overburden Characteristics 

The overburden materials at the site are hard and 
strong and excavated faces stand up steeply. The in 
situ materials are classified as difficult to dredge. 
Rocks and boulders occur randomly through the Pleis-
tocene units: their frequency varies and is generally

not apparent from core data. Siltstone bands are 
present in varying thicknesses in the Clearwater For-
mation. 

The boulders and siltstones caused frequent blockages, 
disrupting dredge production in 1985, resulting in 
small disposal piles. To achieve sustained dredge 
operation in the 1986 test, a stockpile of rehandled 
overburden from which the oversize had been removed 
was constructed. 

Dredge Characteristics 

A dismountable 16 inch pipe size commercial cutter 
suction dredge was used in the test. Production rates 
dredging in situ material in 1985 were low, averaging 
90 cubic meters per hour. Siltstones up to 
150 millimeters were broken and dredged, but boulders 
larger than 300 millimeters were unmanageable. 
Production rates of 210 cubic meters per hour 
achieved in the rehnndled material represent commer-
cial performance levels for this dredge. 

Twenty-five thousand cubic meters of material was 
dredged and hydraulically deposited in the two test 
periods. Seven thousand cubic meters of in situ over-
burden was dredged in 1985, and 18,000 cubic meters 
of rehandled material in 1986. Water and sludge 
withdrawn from the tailings pond were used to inves-
tigate the influence of transport fluid density on 
depositional behavior.	 The major test variables are 
given in Table 1. 

Depositional Behavior 

Pleistocene material dredged with "water" (Phases one 
and four in Table 1) formed stable piles of clay lumps 
which stood at angles of 2 0 to 100 followed by a 
sand bench which sloped at about 1 0 above water. 
The deposits and the beaches could be walked on im-
mediately after deposition. Examination of the clay 
lumps in the deposit indicated that they were intact 
Pleistocene material which had been cut iu lump form 
by the dredge and rounded during transport. The 
deposits drained rapidly, and over time the remaining 
pore fluid was absorbed into the clay lumps to form a 
soft soil. 

In the spring of 1986, a Doll dozer operated on the 
1085 Pleistocene deposit (Phase one) which was used 
to form part of a new dike. 

The deposit produced in 1086 was surcharged two 
months later to simulate n construction lift. The 
surcharged material from adjacent dikes was spread to 
a height of 1.7 meters by DC dozers which operated 
without difficulty on the deposit. 

The rate of excess pore pressure dissipation was 
rapid, in the order of days. The results indicate that 
it is feasible to construct a stable waste dump from 
Pleistocene dredged using "water".	 The material is 
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TABLE i 

DRPIX]1?C PROM SJThCE AND OPERATING VARIABLES 

Phase	 Dates 

1 13-17 Aug/85 
2A 19-22 Aug/85 
28 13-14 Sept/85 

20 17-21 Sept/85 
3 24-30 Sept/85 
4 13-17 June/86 
5 20-26 June/86 
GA 27-30 June/86

68	 1-4 July/86

Overburden Dredged 

In Situ Pleistocene, 
In Situ Clea rwater Fm. 
In Situ/Rehandled 
Pleistocene Dyke 
In Situ Clearwater Fin. 
In Situ Clearwater Fm. 
Itehandled Pleistocene 
Rehandled Pleistocene 
Itehandled Pleistocene/ 
Clearwater Fm. interface 
Rehandled Clearwater Fin.

Volume	 Transport 
Dreiged Fluid Density 
(m j)	 (Wt%) 

950 1-4 
iltO 4 - 6 

777 4-6 
2323 5 -	 6 
1967 18-23 
3774 3 -12 
4826 13-31 

1798 10-30 
0176 16-25

suitable for dike building and will accept construction 
lifts. 

As the tines content in the dredging fluid increased 
(Phase five, Table 1) the deposited Pleistocene 
materials; drained more slowly and were less stable. 
The deposits became flatter and could not be walked 
on. Coarse particles remained in suspension and 
returned with the fluid to the dredge pond; no sand 
beach was formed in the disposal cells. At a fines 
content of 36 percent in the fluid, the transported 
lumps no longer settled out and the pile did not in-
crease in height. 

The deposit was surcharged two months after place-
ment to simulate a construction lift. The Pleistocene 
deposit dredged using high fines fluid could not sup-
port a D6-LGP dozer. The surcharge was placed by 
starting with a stabilizing berm at the toe of the 
deposit and progressing over the deposit. Following 
surcharging, pore pressure dissipation rates were slow, 
in the order of months which implies that the con-
struction of a stable dump using a high lines content 
transport fluid will have to be carefully engineered. 

Clearwater Formation Materials 

Hydraulically placed Clearwater Formation dredged 
using "water" (Phases 2A and 20 in Table 1) formed 
stable piles of clay lumps standing at 6 0 -10 0. The 
deposits drained freely, could be walked on and could 
be operated on by a 06 wide track dozer. 	 Over
time, pore fluid absorbed into the clay lumps to form 
a soft silty clay deposit. Dredging with 13 
23 percent weight fluid produced a weaker deposit 
which did not drain and was almost too soft to walk 
on.

The deposit produced using "water" was leveled out to 
a uniform two meter depth in the spring of 1986 
using a wide truck DC dozer operating on the pile. It 
was not possible to operate the dozer on the deposit 
formed using 13-23 percent 'weight fluid. 

In the 1986 test, Clearwater Formation material 
dredged using high fines content fluid (Phases GA and 
613 in Table 1) was deposited as a second lift on the 
existing Clearwater Formation piles. The final com-
posite deposit was six meters high standing at 20-50. 
The surface did not drain and the deposit was too 
soft to walk on. Pore pressure response is similar for 
both deposits, irrespective of the fines content of the 
transport fluid. The data indicate that the rate of 
pore pressure dissipation is slow, in the order of 
months or years, which implies that hydraulically 
placed Clearwater Formation deposits 'will require 
containment. 

Reclamation Potential 

The final profile of a hydraulically placed waste dump 
will have to be reclaimed. The results from the field 
tests indicate that the strengths of the clay lump 
deposits are high enough to support a suitable capping 
layer such as mw;keg. 

Fines Settling Needs 

Material balance data were monitored through the 
system. Under the test conditions used, the majority 
(70 percent) of the dredged material was deposited at 
the disposal site as shown schematically in Figure 1. 
Significant quantities of dispersed material remained 
in suspension and were recycled hack to the dredge 
pond increasing the fines content In the transport 
fluid, which then adversely affected depositional be-
havior and deposit stability. 
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FIGURE 1 
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These results imply that commercial overburden dredg-
ing schemes will require facilities for settling out 
suspended solids and fines management within a zero 
water discharge policy. 

Fines management schemes used elsewhere, employing 
shallow lifts up to 1.5 meters deep, have serious land 
use and reclamation cost implications when handling 
large volumes of overburden. Kershaw concludes that 
the key environmental challenge to dredging overbur-
den In the oil sands Is the prevention and/or manage-
ment of dispersed fines. This challenge requires fur-
ther innovative thinking by the oil sands and dredging 
industries. 
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RESOURCE 

ERqB ANNUAL REPORT REVIEWS ENERGY	 versely affect future oil supplies. 	 However, on a RESOURCES IN ALBERTA	 more positive note, new discoveries of conventional 
crude oil have been larger than expected over the 

"Energy Alberta 1986	 is the Alberta Energy	 last two years, which suggests that If this trend con-
Resources Conservation Board's (ERCB) review of Al-	 tinues, conventional oil productivity in the 1900s may 
berta energy resources in 1986,	 not decline as much as previously forecast. 

In its review, the ERCB shows that Alberta's 1986 oil 
supply was not affected by the drop in oil prices to 
the same extent as was industry cash flow and ac-
tivity. Most of Alberta's oil is conventional produc-
tion, generally the least costly source of oil. Because 
oil prices did not decline for an extended period of 
time, uneconomic, shut-In production did not become 
significant. Moreover, when the costs of production 
at the Suncor and Syncrude oil sands plants exceeded 
the going price of synthetic crude oil, government tax 
and royalty reductions helped to maintain operations. 
AdditionalLy, both plants were successful in reducing 
their unit costs of production (luring this same period. 
Ease actually Increased bitumen production at its Cold 
Lake plant.

Table 1 presents an overview of Alberta's total energy 
resources in terms of reserves, production and sales. 

Prorationing 

Following an upward revision of available supply, 
Alberta's 1986 shut-in of crude oil was estimated to 
average 17 9 000 cubic meters per day, largely because 
of insufficient pipeline capacity. With completion of 
the Interprovincial Pipe Line expansion program in 
1987, It is expected that provincial pipeline delivery 
capacity will be adequate to hnndlc all of the crude 
oil produced in Alberta. Availability of markets then 
will determine whether or not any Alberta oil will be 
shut in, 

	

Although Alberta's 1986 total oil supply was not 	 Rmourees Overview 
greatly affected, ERCB says future production may be 

	

reduced if prices remain below Us$20 per barrel. 	 Drilling for conventional oil and gas decreased 

	

Some proposed in situ oil sands plants may not come 	 39 percent during 1986. 	 Drilling for coal decreased 

	

on stream, some enhanced oil recovery (EOtl) projects	 28 percent, for oil sands 75 percent, 
may not proceed, and lower drilling activity could ad-

TABLE 1 

ALBERTA'S ENERGY RESOURCES
(In Petajoules) 

Remaining reserves at the end of 1906 

Conventional oil and equivalent	 24,940 

	

Natural gas and equivalent 	 71,060 
Bitumen and synthetic crude oil	 154,000 
Coal	 495,000 

1983 production

Conventional oil and equivalent 2,250 
Natural gas and equivalent 2,500 
Bitumen and synthetic crude oil 620 
Coal 580 
Hydro 5 

To To other 
1986 sales Alberta Provinces Exports Total 

Crude oil and equiv.	 645 1,250 975 2,870 
Gas 765 1,035 700 2,500 
Coal 347 43 175 565 
Hydro 5 0 0 5 
Total 1,762 2,328 1,850 5,940 
Per cent of sales	 30 39 31 100
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Conventional oil and gas reserves represented only 
13 percent of total provincial energy reserves in 1986, 
but 34 percent of total production. Remaining oil 
and gas reserves continued to decline, as production 
exceeded new discoveries and additions to available 
supply. This trend is expected to continue as the 
Western Sedimentary Basin matures as an area for 
conventional oil exploration and development, with 
fewer and smaller prospects remaining to be dis-
covered. 

In contrast, less than 0.5 percent of remaining estab-
lished reserves of bitumen and coal were produced in 
1986. Taken together, these resources constituted 
20 percent of Alberta's total 1086 energy production, 
but 87 percent of remaining established reserves. 

The 1036 reserves-to-production ratio for conventional 
crude oil was 12 years. After accounting for all 
reserve additions resulting from new wells, and from 
enhanced recovery schemes, plus the results of a 1986 
reassessment of the reserves in existing pools, addi-
tions to Alberta's reserves of conventional crude oil 
amounted to 39 million cubic meters, down from 
64 million cubic meters in 1985. Alberta produced 
53 million cubic meters of conventional crude oil in 
1986, a net reserves downsizing of 14 million cubic 
meters. 

Gas reserves additions in 1986 amounted to 22 billion 
cubic meters which was about one halt the 1935 addi-
tions. After accounting for 1986 production of 
70 billion cubic meters, the remaining gas reserves in 
Alberta decreased by 43 billion cubic meters from 
1985. 

lieserves of bitumen and synthetic crude oil were es-
sentially unchanged from the previous year. Reserves 
of thermal coat increased substantially because of ful-
ler delineation, whereas metallurgical coal reserves 
decreased slightly because of mining in some areas 
being ruled out by new integrated resource plans for 
sensitive environmental areas of the province. 

ERCU data shows a basic trend. Alberta's conventional 
oil reserves and productivity are dropping, white 
production from oil sands is increasing. ERCO ex-
pects that these resource figures will balance out as 
we approach the year 2000, and that total oil produc-
tion from Alberta will remain relatively constant for 
many years to come. 

The pattern of sales of Alberta's energy production 
has shifted significantly during the last year, largely 
as a result of deregulation. Oil prices and markets 
have Increasingly focused on the midwestern United 
States and have resulted in a higher proportion of 
sales volume to the export market. Conventional 
crude oil exports have doubled, and exports of 
bitumen-condensate blend also have increased, while 
gas exports have declined. The demand for Alberta 
oil in eastern Canada also has declined, partly due to 
• reduction in demand for oil products, but mainly as 
• result of market displacement by crude oil imports, 
which were 28 percent higher in 1986 than in 1985. 
Sales of Alberta's conventional oils, within Alberta, 
continued to represent 28 percent of the total

produced in the province. A drop in sales of Alberta 
gas, within Alberta, coupled with a sharp decline in 
gas exports to the United States, outweighed a small 
increase in sales to other Canadian markets, for an 
overall decrease in gas sales from 2,940 petajoules in 
1985 to 2,500 petajoules in 1986. Coal sales were es-
sentially unchanged. 

Oil Santh 

Production from Alberta's oil sands increased in 1986 
(Figure 1), largely as a result of continued develop-
ment of in situ bitumen projects in the Cold Lake 
area, and higher synthetic crude oil production at 
Alberta's two oil sands mining plants. Production 
from the 31 existing oil sends experimental schemes 
equaled 2.1 million cubic meters of crude bitumen. 
Primary and commercial in situ production provided 
another 2.6 million cubic meters, for a total of 
4.7 million cubic meters for the year. Both Syncrude 
and Suneor set new synthetic crude oil production 
records of 7.3 million cubic meters and 3.2 million 
cubic meters respectively. 

The rapid expansion of the bitumen sector came to an 
abrupt halt in 1986, with only one quarter the number 
of wells drilled as in the previous year (Figure 2). 
Bitumen production is more costly than conventional 
oil, thus more sensitive to lower prices. 

FIGURE 1
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Declining oil and gas prices, in an increasingly deregu-
lated energy industry, have caused interesting changes 
In the distribution of Alberta's energy products. The 
excess supply of gas in North America has reduced 
prices and made gas markets very competitive across 
the continent. As a result, gas export prices and 
volumes both have decreased by 20 percent In 1986. 
Service to marketers was improved, however, as 
pipeline distributors tested moving new products in 
their systems or extended their market areas. The 
TrnnsMountaln and Cochin pipelines tested moving 
methanol. Rangeland moved heavy crude bitumen to 
Billings, Montana. TransMountain moved heavy crude 
oil to the west coast, destined for offshore markets. 

The increased movement of heavy crude oil, and in-
creased bitumen production, placed new pressure on 
Interprovincial pipeline capacity, and on the ability of 
pipeline companies to move Alberta's total available 
oil supply to markets. This pressure was partially al-
leviated by completion of segments of the Inter-
provincial Pipe Line, Phase 2 expansion, in 1986. 

The trend begun in 1900 continued In 1986. 
Deliveries to Alberta users remained relatively steady. 
The importance of markets in eastern Canada con-
tinned to decline, while United States markets became 
more significant (Figure 3). 

Alberta's total 1906 energy revenues were 
$16.8 billion, compared to $27 billion in 1985. Crude 
oil and equivalent revenues fell an estimated 
$8.3 billion, or almost 50 percent. Revenues from 
the sale of marketable gas and natural gas liquids 
dropped $2.0 billion, or 23 percent. 

Energy-related gross revenues to the provincial 
government were $3.3 billion in 1906. Provincial 
government expenditures, in the form of incentives 
and assistance to the oil and gas industry, were 

FIGURE 3 
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$610 million, an increase of $30 million over 1985. 
Royalty revenues declined 44 percent ($2.2 billion), 
while the sum of all other revenue sources -- Includ-
ing the mineral tax, crude export tax, fees and rent-
als, and Crown land sales - was nearly 60 percent 
lower ($710 million). 

Investment 

In the Alberta energy Industries investment declined 
from $6.9 billion in 1985, to an estimated $4.1 billion 
in 1986, a drop of nearly 41 percent. Investment in 
the conventional oil and gas industry declined by an 
estimated $2.3 billion, or almost 40 percent. 
Similarly, oil sands investment was reduced by more 
than $500 million (47 percent). The coal industry also 
experienced low levels of investment, partly resulting 
from the relatively low prices being paid for oil and 
gas, which lowered the demand for coal. 

Athena In the Canadian Energy Picture 

Of all the energy produced in Canada, fully two-thirds 
comes fro,n Alberta. Canada's reliance on Alberta's 
energy Is even more striking if one takes Into account 
only the conventional crude oil, natural gas, and syn-
thetic crude oil produced in Canada. 	 Of these 
resources,	 Alberta produces 30 percent of the
Canadian total. 

Reserves also are an important indicator of future 
trends. In 1086, Alberta's total reserves of crude oil, 
natural gas, and bitumen accounted for 90 percent of 
Canada's total reserves in these three categories. 
Additionally, more than 75 percent of all the coal in 
Canada is located in Alberta. 

The EROS sees substantial changes in the production 
patterns of Alberta's energy resources for the future. 
While conventional crude oil reserves are declining, 
production from oil sands is increasing. By 2010, 
conventional crude oil production is forecast to be 
only one-third of the 1086 rate. By that time, 
Alberta's conventional oil industry will be in the very 
mature stages of its development. 

The situation is sornevhat different for natural gas. 
Today's production is substantially less than what 
could be achieved with better market opportunities. 
However, that situation is expected to change during 
the next decade, with Alberta's natural gas production 
continuing as a dominant source of energy well into 
the next century. 

While it is predicted that production rates for 
bitumen and synthetic crude oil will increase sig-
nificantly in the next generation, the implications in 
terms of resource depletion are minimal because of 
the enormous bitumen resource base. 

11 4 
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SOCIOECONOMIC 

SOCIOECONOMIC PLANNING BECOMES IMPORTANT 
IN ALBERTA 

According to the Alberta Energy Resources Conserva-
tion Board (ERCU) community Involvement is becom-
ing a major component of the planning process for a 
number of corporations operating in Alberta. For ex-
ample, prior to applying to the ERCS to change its 
Wolf Lake project from experimental to commercial 
status, BP Canada sought the advice of a number of 
community associations and the Tribal Chiefs Associa-
tion. While some concerns were expressed, and sub-
sequently dealt with, there was no public opposition 
to the project. 

Prior to seeking approval to expand the mine area of 
its oil sands facilities, Syncrude sought the advice of 
key government departments and the Fort McKay In-
dian Band. In this case there were major concerns 
expressed by the Native people regarding reclamation, 
mine discard areas, and the social consequences of in-
creased development. After a period of negotiation,

which saw the Native people become an integral part 
of the company's planning process, the concerns were 
resolved without an ERGS public hearing. 

Prior to seeking an expansion of its Elk Point heavy 
oil operations, PanCanudlan Petroleum undertook ex- 
tensive negotiations with local landowners. As a 
result, the ERCB was able to give approval to Phase 
1 of a 3-phase project. 

Also in the Elk Point area, Amoco Canada Petroleum 
Ltd. received the advice of local landowners before 
seeking permission to reduce well spacing from 
16 hectares to four hectares, add 14 sections of land 
to its project, and expand production from 640 cubic 
meters to t,280 cubic meters per day. Again, the 
ERCB was able to grant approval without a public 
hearing because affected landowners had been con -
suited and their concerns addressed by the company. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

The following papers were presented at the Petroleum Society of CIM 38th Annual Technical Meeting held In 
Calgary, Alberta, Canada, June 7-10, 1987: 

Brown, S. J., "Detection of Casing Failures in Steam Injection Wells at Cold Lake Using Pres-
sure and Rate Data". 

D'Souza, M. V., et al., "Modification of Downliole Gas Burner for Successful Ignition in Low 
Pressure Heavy Oil Reservoir". 

Lea, J. F., et al., "Optimization of Progressive Cavity Pump Systems in the Development of the 
Clearwater heavy Oil Reservoir". 

Singh, S., et al., "Technical and Economic Criteria for the Selection of Downitole Steam Gcncr-
ators in Alberta". 

Marjerrison, 0., et al., "Dome Petroleum's Experience With Sand Control in Lloydmiaster Heavy 
Oil Fields". 

Des Brisay, C. M., at al., "Pumping Heavy Oils With the Aid of Downhole Oil-In-Water Emul-
sification 

Scott, J. 0., et al., "Effects of Dissolved Gases on Bitumen Recovery In the Athabasca Oil 
Sands". 

Chung,IC. II., et al., "Geometrical Effect of Steam Injection on the Formation of Emulsions in 
the Steam-Assisted Gravity Drainage Process'. 

Oballa, V., et al., "An Experimental Study of Diffusion in the Bitumen-Toluene System". 

Norsk, A. R., et al., "A Novel Method to Soften Water at Elevated Temperatures". 

McGee, B. C. W., at al., "Analytical Analysis of Cyclic Steam Stimulation Through Vertical 
Fractures". 

Lin, R. C., et al., "Reservoir Simulation Helps Understand the Combustion Process in a Heavy 
Oil Reservoir". 

Jurinaic, J. J., et al., "Solvent Co-Injection with Steam in the FAST Steamflood Process". 

Harding, T. G., et al., "Numerical Simulation of Laboratory Ste.aniflood Experiments with Carbon 
Dioxide and Nitrogen Additives". 

Sanchez, N. L., et al., "Simulation of an Hexagon In the M6 Steam Drive Project". 

Selby, K. .3., et al., "Mechanics of Sand Production and the Flow of Fines in Porous Media". 

Chhina, H. S., et al., "Horizontal Fracture Test in the Athabasca Oil Sands". 

Gronseth, .1. M., et al., "In Situ Stresses and the Norman Wells Expansion Project". 

McLennan, P.J.,"in Situ Stress Prediction and Measurement by Hydraulic Fracturing, Cardium 
Formation, West-Central Alberta". 

[Cosar, K. Ill., et al., "Geotechnical Properties of Oil Sands". 

Vaziri, H., "A Methodology for Predicting Sand Failure Around Weilbores". 

Miller, K. A., Et al., "Recent Observations at Husky's Golden Lake Sparky Fireflood Pilot". 

Todd, C. ii., et al., "Downstream Planning and Innovation for Heavy Oil Development: 	 A 
Producer's Perspective". 

Elder, P. W., et al., "Optimized Diluent Utilization in heavy Oil Production and Transportation" 

3-42	 SYNTHETIC FUELS REPORT, SEPTEMBER 1987



Knell, M. K., at al., 'Controlling Mobility Ahead of a Viscous Oil Bank". 

Dugdale, P. J., at al., "In Situ Combustion in Canadian Heavy Oil and Oil Sand Reservoirs". 

Greenhorn, R. C., et al., "High Phase Volume Liquid CO 2 Fracturing Fluids". 

Matthews, L. IV., et al., "Techniques Applied to Obtain Very High Resolution 3-0 Seismic Imag-
ing at an Athabasca Tar Sands Thermal Pilot". 

Presber, T. C., "An Analytical Model for Detection of Steam Zones at Observation Wells". 

Sedgwick, I). E., et al., "Application of X-Ray Imaging Techniques to Oil Sands Experiments". 

The following papers were presented at the conference on Advances in Petroleum Recovery and Upgrading 
Technology, held at the Edmonton Convention Centre, Alberta, Canada, June 2-3, 1987: 

Suggett, J. C., "An Underground Road to a Wellhead" 

Edmunds, N. R., "UTF Gravity Drainage Process Development". 

Rest, D. A.,  et al., "Water Sand Intervals - An Advantage or Disadvantage?" 

Puffin, N. E., et al., "Techniques Applied to Obtain Very High Resolution In 3-D Seismic Imaging 
at an Athabasca Tar Sands Thermal Pilot". 

Lack, .3., "Surface Mining and in Situ Environmental Regulations". 

Tseiuk, W., et al., "Taciuk Processor for Treatment of Oil Contaminated Wastes". 

Djurfors, S. I]., "Syncrude's Air Quality Prediction System: An Overview". 

Kershaw, 0., "Dredging Overburden in the Oil Sands - Addressing the Environmental Challenge". 

Nielsen, A. K., "The Importance of Heavy Oil in Canada's Future". 

Bailey, R. T., "An Overview of AOSTRA's Work on Upgrading". 

Webster, I., "Coke Utilization". 

lurhy, L., at al., "Pipeline Traasportatlon of Heavy Crude and Bitumen Emulsions". 

Dehm, F., "Pyrosol Co-Processing: A Valid Alternative in Resource-Upgrading". 

Silva, A. E., et al., "CA N MET Demonstration Unit Operating Experience". 

Washimi, K., "Upgrading Cold Lake Bitumen by the USC and the HSC-ROSE Process". 

Yildirim, E., "A Regional Upgrader and Satellite Production Facilities Concept". 

Relnsch,	 A.	 E.,	 "World Oil Market Developments: 	 Implications for the Canadian Oil 
Supply/Demand Balance". 

Towle, IV. K., "Forecasting Oil Sands Develop ments Under Alternative Price Projections". 

Foley, D. J. 9  "Canadian heavy Crudes Oil Market Analysis". 

Rodgers, P.," Keeping Cold Lake Profitable at Low Crude Prices". 

The folloving urtieles ware published In the AOSTRA Journal of Research, Volume 3, Number 2, Spring 1987: 

George, Z. Ii., "Coking Studies of Pitch Derived From Thermally Ilydroeracked Athabasca 
Bitumen". 

lupka, J., at al., "Diluent-Assisted Hot-Water Processing of Tar Sands". 

Baird, M. H. I., et al., 'Displacement of Bitumen Slugs In Tubes. t. Buoyancy-Driven Flow". 
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The following articles were published in the June issue of The Journal of Canadian Petroleum Technology: 

Chen, N. Y., et al., "Low-Temperature Visbreaiclng of heavy Crude Oils". 

Millour, J. P., et al., "An Expanded Compositional Model for Low-Temperature Oxidation of 
Athabasca Bitumen". 

Mani, B. B., et al., "Effects of Temperature on heavy Oil-Water Relative Permeability of Sand". 

Fransham, P. B., et al., "Displacement of Heavy Oil Visualized by CAT Scan". 

Ivory, .1., et al., "Development and Testing of a Synthetic Cold Lake Oil Sand". 

Stone, T., et al., "An Examination of Steam-0O 2 Processes". 

Nasr, T. N., et al., "The Use of Flue Gas With Steam In Bitumen Recovery From OH Sands". 

Butler, R. Pd., "Rise of interfering Steam Chambers". 

SANDS - PATENTS 

"Solvent Extraction Process For Recovering Bitumen Froun Tar Sand", Roger . Clifford, Richard C. 'Isieh - Inven-
tors, Chevron Research Company, United States Patent 4,676,889, June 30, 1907. Bitumen recovered from tar sand 
by direct solvent extraction followed by washing of the sand tailings with countercurrent solvent flow and a 
solvent /aqueous phase separation step to recover solvent and residual bitumen. 

"Thermal Drainage Process For Recovering Hot Water-Swollen Oil From A Thick Tar Sand", Carlos A. Glandt, Peter 
Van Meurs - Inventors, Shell Oil Company, United States Patent 4,667,739, May 26, 1987. hot liquid-containing 
'vater-swollen tar is produced from a tar sand by Injecting steam into a well, which is at least initially open and 
substantially free of obstruction to vertical fluid flow throughout a long vertical interval from the bottom of the 
tar sand, by producing said liquid from the bottom of the tar sand and maintaining injection and production flow 
rates that keep the steam temperature above about 450 0 F at a pressure high enough to keep the produced liquid 
substantially free of steam and near to, but less than high enough to damage the reservoir. 

"Amphiprillic Phase Behavior Separation Of Carboxylic Acids/hydrocarbon Mixtures In Recovery Of Oil From Tar 
Sands Or The Like", Robert S. Babcock, Hartley W. Beaver, Dianne F. Wood - inventors, Diversified Petroleum 
Recovery inc., United States Patent 4,673,484, June 16, 1987. There is disclosed a process of oil recovery from tar 
sands or separation of hydrocarbons from a solid or viscous bitumen source wherein carboxylic acids or carboylic 
aId mixtures are utilized as a solvent or diluent and are mixed with heavy crude oil, injected into an oil reservoir 
or inixe.d with tar sands in a surface vessel to reduce the viscosity of the crude oil and to increase the mobility of 
the oil. The process is characterized by the use of an amphiphilic phase separation induced by injection of 
isopropanol or other alcohol to facilitate the recovery of carboxylic acid diluent from the bitumen product, and 
another phase separation step may be employed to separate the carboxylic acid component from the alcohol. 
Sodium chloride or other brine solution is usually mixed with the alcohol and many e'nbodiments combine a light 
hydrocarbon such as heptane with the carboxylic acid as an additional solvent. Carboxylic acids in the form of 
fatty acids with from ei ght eight to 20 carbon atoms are preferred. Distillation may be employed to separate the al-
cohol from the brine solution or to concentrate the alcohol for recycling. All the processin g chemicalsmay be 
recycled in the process with the exception of the light hydrocarbons, which may or may not be separated from the 
product stream in later conventional processing.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since June 1987) 

ATI-IABASCA pRoJI3cr - Solv-Ex Corporation and Shell Canada Limited (T-01) 

The project is a joint venture of Solv-Ex and Shell Canada Limited to undertake the phased development of an open pit mine and 
extraction plant for bitumen on Shell's oil sands lease in Alberta, Canada. 

Phase I of the project includes a detailed engineering study and a 1,500 metric tonnes run of oil sands through the Solv-Ex pilot 
plant, located in Albuquerque, New Mexico. 

Pending successful results of the testing and acceptable economic forecasts, the construction of the mine and plant complex 
(Phase II) would begin, with completion targeted for some time in 1990. 

The mine will provide 16,275 tons of ore per day to the extraction plant, which will use the Solv-Ex technology. About 
7,500 barrels of bitumen per calendar day are expected to be produced, the product to be sold as bitumen or upgraded to syn-
thetic crude at additional cost. 

The Government of Alberta and the Alberta Oil Sands Technology and Research Authority have agreed to provide financial as-
sistance to the project in the form of a loan guarantee for Phase II of 30 percent of costs up to C$85 million, plus capitalized in-
terest, and a C$3 million grant for Phase 1, respectively. Pilot plant work on Phase I has been com pleted. The technical and 
economic feasibilit y is being assessed by Fluor Canada with completion scheduled for Se ptember 1. 1987. 

Project Cost:	 C$260 million (Phase II) 
C$10 million (Phase I) 

RI-PROVINCIAL PROJECT - UPORADER FACILITY - Husky Oil Operations Ltd. (T-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Lloydminster, Saskatchewan. 
The facility will be designed to process 54,000 barrels per day of heavy oil and bitumen from the Lloydminster and Cold Lake 
deposits. The primary upgrading technology to be used at the upgrader will be fl-Oil ebullated bed hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase I of the proiect (design engineerin g and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction is on hold pendin g negotiation of fiscal arrangements with the governments of Canada. Alberta and Saskat-
chewan. 

Project Cost:	 Upgrader Facility estimated at c$1.4 billion 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (1-06) 

California Tar Sands has developed a downhole hydraulic mining system whereby oil sands occurring at depths from 100 to 
600 feet will be mined using a hydraulic mining 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 - E.sso Resources Canada Limited (1-20) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval 
to proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Sub-
sequent approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases I and 2 started in July 1985, augmented b y Phases 3 and 4 in October. 1985 and Phases 
5 and 6 in May, 1986. During 1986, commercial bitumen production at Cold Lake averaged 41,000 barrels oil per day. 

The ABRCB has approved Esso's application to add Phases 7 throu gh 10, which will add another 7,000 cubic meters per day at an 
estimated cost of M million. Detailed engineering is in progress and construction has be gun. Production will begin in mid 
1989.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since June 1987) 

COMMERCIAL PROJECTS (Continued) 

Cyclic steam stimulation is being used to recover the bitumen. Processing equipment consists of a water treatment and steam 
generation plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design al-
lows for all produced water to be recycled. 

Construction is underway on a debottleneck of the rust six phases which will add 1500 cubic meters per day by year-end 1987, at a 
cost of $50 million. 

Project Cost:	 Approximately S850 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (r-25) 

Petro-Canada is studying a tar sands mining/surface axtraction project to be located on the Daphne leases near Fort McMurray, 
Alberta. The proposed project would produce 73,000 barrels per day. Based on mining studies by Loram International Ltd., en-
gineering studies by Bechtel Canada Ltd., and continuing internal studies by Petro-Canada. The project is expected to cost 
$4.1 billion (Canadian). During the 1984/1985 winter 117 core holes were drilled at the site to better define the resource. 

Federal and provincial government agencies have been contacted to discuss reduced royalty and tax schemes, but no agreements 
have been reached. Petro-Canada has also discussed the project with other companies that may be interested in acquiring equity 
shares in the project. 

Currently, the project has been suspended pending further notice 

Project Cost: 	 $4 billion (Canadian) 

DIATOMACEOUS EARTH PROJECT - Texaco Inc. (T-30) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project 
will be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is 
being put on hold due to the current worldwide energy supply picture. The Lurgi pilot unit is being maintained in condition for 
future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 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 
techniques. 

Project Cost: Undetermined 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. ('T-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 
100 percent working interest in 6,600 hectares of oil sands leases in the area. The Phase I Thermal Project is located in the 
NW 1/4 of Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is 
indicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase I of the Project will involve the drilling, construc-
tion, and operation of a 13-well Thermal Project (one, totally enclosed S-spot pattern), a continuation of field delineation and 
development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 16.19 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase I Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing 

Project Cost:	 Phase I - $50 Million (Canadian)
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FOREST HILL PROJECT - Greenwich Oil Corporation (17-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a 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 is in the start-up phase with 15 injection wells taking 150 tons per day of 90 percent pure 
oxygen. 

Project Cost:	 Estimated $423 million 

FROG LAKE PROJECT - PanCanadian Petroleum Ltd. (T-29) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project, costing 090 million, would involve development of primary and thermal recovery operations in the 
Lindberch and Frog Lake sectors near ElkPoint in east-central Alberta. Phase I operations would include development of 16 sec-
tions of land when 113 wells were drilled by 1986. 

An additional 165 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested peimission to develop 
two sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 
4 hectare (10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase 1 would also include 
primary development of the remaining 14 sections on 16 hectare (40 acre) spacing. 

PanCanadian expects Phase I recovery to average 3.000 barrels per day of bitumen, with peak production at 4.000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6.000 barrels per day. 
Phase III would go into operation in the late 1990's. and 300 new wells would be drilled on six sections. Production would in-
crease to 12. barrels per day. Phases II and Ill would be developed as thermal recovery projects. After cyclic steaming, the 
patterns would be converted to steamfloods or firefloods. 

The schedule originally proposed to the ERCB in 1986 has sli pped about three years 

Project Cost: Phase I = C$90 Million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited (T-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover five sections and and was planned to be developed at a rate of one section per year for five 
years. It will employ "huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project is expected to encompass a period of 12 years and will result in peak produc-
tion of 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will 
raise the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted after 31 wells were 
completed. These wells have been placed on primary production. Steaming, gathering, and processing equipment was committed 
prior to the oil price decline, and is being stored for use when the oil price recovers. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (F-33) 

Murphy Oil Company Ltd., has completed construction of the first phase of its commercial thermal recovery project in the 
Lindbergh area of Alberta. Project development is planned in four separate phases over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. Startup of the new wells has been 
postponed pending satisfactory oil pricing. However, pilot operations are continuing. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over 
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COMMERCIAL PROJECTS (Continued) 

the lift of this project is expected to be in excess of 12 million cubic meters of heavy oil. Experiments with follow-up production 
techniques, which may improve recovery rates even further, are continuing at the pilot project. 

The project will use a huff-and-puff process with about two cycles per year on each well. Production will be from the Lower 
Grand Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. 

As production from the initial welts declines, replacement wells will be drilled and brought on stream, to maintain production. An 
avenge of 18 new welts will be drilled each year. The welts will be directionally drilled outward from common pads, reducing the 
number of surface teases and roads required for the project. 

Capital costs of Phase I was $30 million (Canadian) for the initial installations, with about $6 million in capital additions expected 
for each succeeding year to drill and tie in the replacement wells. Operating expenditures will be in the order of $12 million per 
year. 

Development of future phases will be dependent on satisfactory performance in Phase I and successful production tests at the in-
tended locations for these phases. A tentative schedule is to commence construction of Phase It in 1988, Phase III in 1990, and 
Phase IV in 1992. Total production from all four phases would be 10,000 barrels per day. 

Project Cost: 	 Phase I - $30 million (Canadian) capital cost 
$12 million (Canadian) operating costs plus $6 million capital additions annually 

LLOYDMINSTER REGIONAL UPGRADER - (See li-Provincial Project-Upgrader Facility) 

NEWGRADE HEAVY OIL UPGRADER - NewGrade Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (T-35.2) 

Site work has been started for the $650 million upgrader project to be built adjacent to the Co-Operative refinery in Regina, Sas-
katchewan. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries will provide 5 percent of the costs as equity, while the provincial government will provide IS percent. 
The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the costs as debt. 

NewGrade has selected process technology licensed by Union Oil of California for the upgrader which will provide 30,000 barrels 
per day of upgraded crude. 

Project Cost:	 $650 million 

PEACE RIVER COMPLEX - Shell Canada Limited (1'-353) 

Shell Canada Limited expanded the existing Peace River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The expansion is located adjacent to the existing pilot project, approximately 55 kilometers northeast of the town of Peace 
River, on leases held jointly by Shell Canada Limited and Shell Explorer Limited. 

The expansion, at cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The 
commercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant 
for generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and 
initially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the ERCB received approval in early November 1984. Drilling began in February 1985. Construction began 
June 1985. The expansion was on stream October 1986. This expansion is only the first step of Shell's long-term plan to develop 
the Peace River oil sands. If successful, a further expansion could follow in the early 1990s. Additional phased production could 
occur over a 30 year period. 

Project Cost:	 $200 million
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PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (T-38) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Dome is earning a 
working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company under-
took a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest in 
eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,000 acres of adjoining oil 
sands lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$0.2 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5,000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 

- will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return to levels which make the project viable. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which 
permits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery project and the proposed 
commercial production facility. Under this agreement, the two companies have reimbursed Dome for approximately $20 million 
of its costs for the pilot recovery project and will pay one-half of future expenditures on the commercial production project. The 
two companies also have the right to earn a 15 percent working interest in any subsequent projects for the recovery of bitumen 
from the Alberta Energy lands. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SARNIA-LONDON ROAD HELD MINING ASSISTED PROJECT— Devran Petroleum Ltd. and Shell Canada Ltd. (T-39) 
Devour and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery project near Sarnia, Ontario. Devran and Shell Canada 
jointly lease approximately 3,900 acres with 1,200 acres in the active field. Known as the Sarnia-London Road Field, the area was 
drilled by Imperial Oil from 1898 to 1901. Production rates from individual wells of two or three barrels of oil per day were re-
corded, with some wells reported to have initial producton rates of over 10 barrels per day. The Sarnia-London Road Field 
produced for 25 years, yielding a significant amount of natural gas with the oil. 

Unit A is the first production project, designed to produce oil from approximately 600 acres. A shaft has been sunk to a depth of 
430 feet, and two production stations have been established, one for each of two oil-beating layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devran and Shell Canada. Devran received a $475,000 grant from the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated when the shaft passes through or reaches the oil layers (the pay zone). Finally, the production station becomes the site 
from which holes are drilled horizontally in a radial or 'wagon wheel' pattern into the pay zone. Each production station with its 
set of wells drains by gravity several hundred acres. The length of these horizontal wells is determined by the formation geometry 
and geological conditions. 

First production from the project commenced in November, 1986. 

Project Cost:	 $6.5 million
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SCOTFORD SYNTHE'I'IC CRUDE REFINERY - Shell Canada limited (T40) 

The project is the worlds 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. The refinery's petroleum products are gasoline, diesel, jet fuel and stove oil. Byproducts in-
clude butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. Refinery and 
petrochemical plant officially opened September 1984. 

Project Cost: 	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC., OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) ('F-SO) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. is comprised of three major groups: Resources Group, Sunoco Group, and Oil Sands Group. The Resources Group 
is sub-divided into three divisions: Exploration, Production, and Marketing and Business Management. The Sunoco Group 
refines and markets petroleum products. The Oil Sands Group is explained in the following paragraphs. 

Oil Sands Group operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of 
Fort McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, over-
burden is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. 
Third, hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal 
cracking produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality syn-
thetic crude oil, most of which is shipped to Edmonton for distribution. 

Current estimated remaining reserves of synthetic crude oil are 370 million barrels. 

The plant has received world price for its oil which has ranged from $17 to $45 (Canadian) per barrel over the last few years 

Project Cost: 	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of 
combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and 
retorting technologies. The available core data are being used to determine the extent of the mineable resource base in the area 
and to provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work is planned for 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - GNC Tar Sands Corporation (F.590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by GNC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent 
ash and water. Chevron also ran a stiles 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. 
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Today GNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent 
and flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and 
Saudi Heavy. 

(INC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has ap- 
plied to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The company has contracted 
Morrison-Knudsen for mining and upgrading. The first commercial facility will be 5,000 barrels per day. In response to a solicita-
tion by the United States Synthetic Fuels Corporation (SFC) for tar sands projects that utilize mining and surface processing 
methods, GNC requested loan and price guarantees of $452,419,. Construction would start in the third quarter 1986 with first 
production in the first quarter 1989. On November 19,19&5 the SFC determined that the project was a qualified candidate for as-
sistance under the terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. GNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg indicating feasibility, after the decline in 
prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent gasoline 
and 69 percent diesel. The 7,500 barrels per day plant, with some used equipment, would cost $149 million. 

Project Cost:	 $149 million for 7,500 barrels per day facility 

SYNCRUDE CANADA, LTD. - l3sso Resources Canada Limited (25.0 percent); Petit-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada 
Corporation (9.03 percent); IIBOG Oil Sands Limited Partnership (5.0 percent); PanCanadian Petroleum Limited (4.0 percent) (T-60) 

Located near Ft. McMurray, the plant has an allowable production of 138,600 barrels per calendar day; however, current capacity 
is 130,000 barrels per calendar day and has been in early stages of production since July 31, 1978. Mining-electric draglines; 
extraction-hot water flotation process; upgrading-two fluid cokers. Canadian Bechtel Ltd. was managing contractor. In 1979, 18 
million barrels of synthetic crude were delivered. Production in 1980 was over 28 million barrels; production in 1981 was over 29.7 
million barrels. The 1982 production figure was 31.32 million barrels, and 1983 was 40.8 million barrels, 1984 was 31.2 million bar-
rels, 1985 was 46.7 million barrels and 1986 was 47.4 million barrels. All major equipment is in place and operational; four 
draglines and four bucketwheels working. Syncrude's staff is 4,200. A $15 billion debottlenecking and capacity addition project 
(expansion) will increase synthetic crude oil production to 138,600 barrels per day. The expansion is expected to be complete by 
1989. 

Project Cost:	 Total cost $2.3 billion (1918 cost) 

WOLF LAKE PROJECT - B? Canada Resources Ltd. and Petit-Canada (r-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project 
(a joint venture between BP Canada Resources Ltd. and Petit-Canada) was completed and began production in April 1985. 
Production at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the 
huff-and-puff" method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original 

wells declines more wells will be drilled. 

Twenty-two wells were drilled in 1981 to determine a site for the plant. Application to the ERCB was approved in 
September 1982. An EPC contract for the Central Plant was awarded to Saturn Process Plant Constructors Ltd., in August 1983. 
Construction was complete in the first quarter 1985,53 months ahead of schedule. Drilling of wells began October 15, 1983 and 
the initial 192 wells were complete in early July 1984, 73 months ahead of schedule. 

An estimated 720 wells will be needed over the expected 25-year life of the project. Because the site consists mostly of muskeg, 
the wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and 
thus cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of 
it will probably be used for the manufacture of asphalt or exported to the northern United States. 

The project is going ahead largely due to tax and royalty concessions by both federal and provincial governments. In early 1983 
the Canadian federal government announced that new oil sands and heavy oil projects would be exempted from the Petroleum 
and Gas Revenue Tax until capital costs have been recovered. The Alberta government has indicated that during the early years 
of the project the province will levy only a nominal royalty. This royalty initially could be as little as 1 percent, possibly increasing 
to as much as 30 percent of net profits once the project sponsors recover their investment. 

BP and Petro-Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 
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Wolf Lake Phase 2 would be followed by Phases 3 and 4. HP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). In January, 1987 the Alberta ERCB approved HP Canada's application for Phase 2. In June 1987 the 
companies announced their intention to proceed. 

Project Cost: Wolf Lake I
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

R & D PROJECTS 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., and Cold 
Lake Heavy Oil Ltd. (T-85) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carbon dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Carmel Energy of Houston, and partially 
tested in heavy oil fields in the United Stales. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A pàssible second phase 
would encompass 18 additional wells. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes 
some of the surface facilities built for the Gulf pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak 
for a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its vis-
cosity. The well is then put on production with back pressure and the gas comes out of solution to provide a gas depletion drive 
mechanism. After the individual wells achieve 'link-up' with this cyclic procedure, the pilot may be converted to a steam drive. 
Carbon dioxide is trucked in to the pilot facility. 

Project Cost: 	 $15 million for the first phase 

ATHABASCA IN SITU PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, Canterra Energy Ltd., Tenneco 
Oil of Canada, Ltd. (T-130) 

The Canterra/TECAN/AOSTRA steamflood pilot commenced operation during December 1981 in one of its two patterns. The 
first pattern consists of 6 producers, 7 injectors, 8 observation wells inside the pattern and 3 outside the pattern, 3 water source 
wells and 3 water disposal wells. A "modified" second pattern was started up in 1984. The modification consists of four new wells 
drilled to form a single 9-spot pattern with 8 producers and I injector. There are 2 observation wells inside the pattern and 4 out-
side the pattern. 

Due to the decline in crude oil prices, the existing field program could not be maintained. This resulted in the first pattern's 
steam injection being terminated in September 1986. Results from the first pattern have been encouraging. 

In 1987, the second pattern will undergo an expansion, with 4 producers, 2 injectors, and 1 observation well being added. 

Project Cost:	 $115 million (estimate) 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 

Mobil Oil Canada initiated dry combustion in 1965 and converted to wet combustion in 1978. This ongoing field project presently 
has nine bums and 133 production wells. 

Project Cost:	 Not disclosed
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BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources Limited. ('I'-140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. ERCB approval 
No. 2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of crude bitumen from the Cold Lake 
Oil Sands Deposit. This approval was amended to locate the pilot in Section 31-61-1 W4. Construction began in early May 1977 
with operation commencing in March 1978. Approval was further amended in November 1981 to convert to drive operation and 
extend expiration to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature observa-
tion wells. A steam drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased 
steam injection at end of 1984. Started heat scavenge phase in January 1985, by injecting all produced and make-up water. 

The project was finally shut-in October 1, 1985 and is presently in suspended status. 

Project Cost:	 $14 million (estimated) 

CANMEr HYDROCRACKING PROCESS - Canada Comm for Mineral and Energy Technology (CANMET), Petro-Canada, and 
Partec Lavalin Inc. ('I'-175) 

Based on the results of bench scale and pilot plant studies, a novel hydrocracking process has been developed at CANMET for 
the upgrading of bitumen, heavy oil, and residuum. This CANMET flydrocracking Process is effective for the processing of heavy 
feedstocks with conversion of 90 weight percent of the pitch to distillate boiling below 524 degrees C. (Pitch is defined as material 
boiling above 524 degrees C) An additive has been developed for the CANMET Hydrocracking Process which acts as a 
hydrogenating and coke-getting agent. High asphaltene conversions are achieved with the CANMET additive at comparatively 
moderate pressures and temperatures. Only moderate H 2 consumption is required to achieve high levels of asphaltene and pitch 
conversion. This is attributed to the additive which primarily functions as a hydrogenating agent. Smooth and continuous pilot 
plant operations have been achieved with the CANMET additive. 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
5,000 barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. 

Upon startup, the unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was 
achieved. In May 1986, introduction of additive led to the achievement of 80 weight percent pitch conversion. 

The unit was shut down for detailed mechanical and materials inspection during the summer of 1986. Since no mechanical corro- 
sion or materials problems were found, the unit was restarted in October, 1986 for further process refinements and operational 
data collection. 

The test program is continuing. 

Project Cost:	 Not disclosed 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 

Mobil's heavy oil project is located in T52 and 1123, W3M in the Celtic Field, northeast of Uoydminster. The pilot consists of 25 
wells drilled on live-acre spacing, with twenty producers and live injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 
Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations 
are continuing. 

Project Cost:	 $21 million (Canadian) (Capital) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (F-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 12 miles 
southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to proceed with a 
$5 million pilot project to be completed by December 31, 1987. By completing this work, Husky will earn one-half of Canadian 
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Worldwide's 25 percent interest. Two wells have now been drilled and tested by steam cycling. Production from the first well was 
very encouraging, however, results from the second well were below expectations. As a result of this, along with continued low oil 
prices, further field work has been postponed. Agreement has been reached to extend the com pletion deadline to December 31, 
1988. 

Project Cost:	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (r-220) 

Kirkwood Oil and Gas is presently Conning 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. (T-230) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold lake area resulted in al- 
proximately 100 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the Up-
per and Lower Grand Rapids formation. The tests are scattered throughout Mobil's leases in Townships 63 and 64 and Ranges 6 
and 7. Encouraging results have been observed. 

The program has been reduced to six active wells in 1987, as objectives for some wells were being met, and as a result of the drop 
in oil prices. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, 
and L'Association pour Is Valorization des Huiles Lourdes (ASVAHL) (T-247) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRB) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAI-IL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations are to 
be completed by the end of 1987. 

ASVAI-IL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and lnstitut 
Francaise du Petrole. The ASVAI-IL test facility was established to study new techniques, processes and processing schemes for 
upgrading heavy residues and heavy oils at a demonstration scale. 
The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (T-252) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois 
Institute of Technology Research Institute (IITRI) on a single-wellbore electromagnetic stimulation technique for heavy oil. The 
technique uses the well casing to induce an electromagnetic field in the oil-bearing formation. Both radio frequency and 60 cycle 
electric voltage are used. The radio frequency waves penetrate deeply into the formation while the 60 cycle current creates resis-
tive heating.
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The first field test of the process was completed last summer. The first commercial welt, producing about 20 barrels per day, was 
put into production in December 1985 in Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS 
received permits from the Alberta Energy Resources Conservation Board, and stimulation started in a recently completed well in 
the Uoydminster area in Alberta, Canada. This well was drilled on Husky Oil Operations Limited acreage in the Wildmere Field. 
Primary production continued for about 60 days, during which the well produced about 6 barrels per day of 11 degrees API heavy 
oil. The well was then shut down to allow 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 
productivity of the well is expected to increase somewhat more as the stimulation operations proceed. The economic parameters 
of the operation are said to be within the range expected. 

Additional developmental wells are expected in the near future at four separate fields in Alberta and Saskatchewan. Another field 
trial is planned in Brazil in 1986. These operations will be carried out by ORS in a joint venture with the firm Azevcdo and 
Transvassos S/A of Sao Paulo. The test will be conducted in the Potiguar Basin, which contains several oil fields with in-place 
reserves estimated by Petrobras to be 4.4 billion barrels. ORS has also tentatively reached agreement with Tenneco Oil Company 
for a 260 acre farmout in the White Wolf field, 25 miles south of Bakersfield, California. There is an estimated 28 million barrels 
of 14 degrees to 16 degrees gravity oil in place in the farmout acreage. A test well is also being re-started in Tulsa County, Ok-
lahoma. 

Universal Energy believes that total lifting costs using its technology could be as low as $3 per barrel 

Project Cost:	 Not disclosed 

ENPEX SYNTARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, M. H. 
Whittier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General Partners) (T-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery project. The 
project has been on-line since January 1984 and produced San Miguel tar at rates of above 50) barrels per day. The project util-
izes a 50,000 pound per hour fluidized bed coal combustor to provide steam for a steam drive process. Daily production rates in 
excess of 500 barrels per day were achieved. Tar sales were approximately 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are available for 
operations elsewhere. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. '-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease 
No. 40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The 
Laming pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Laming field and 
plant facilities in 1980 to increase the capacity to 14,000 barrels net day at a cost $60 million. A further expansion costing $40 mil- 
lion debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operat-
ing 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. Additionall y, the pilots serve as a testin g area for optimizing the parameters of cyclic steam 
stimulation as well as follow-up on new recovery methods. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEHILL IN SITU STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy Oil Company 
Ltd. (T-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine froc spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
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of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 
1, 1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by "ter. 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,ODO nd. 

Project Cost: 	 $15.2 million 

FT. KENT THERMAL PROJECT - Succor, Inc. and Worldwide Energy Corporation (T-290) 

Canadian Worldwide Energy Ltd. and Succor, 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 125 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 2 with additional patterns converted in 1984, 
1986 and 1987. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an 8 well cluster drilled in late 1985. Five additional 
development well locations have been identified. Approximately 7 wells are now operating, includin g 4 wells which had pm-
viouslv been shut-in due to low oil prices. With production averaging 2,100 barrels per day. Further development work, including 
tying-in the 8 wells most recently drilled, has been delayed. Ultimate recoveries are anticipated to be greater than 21 percent with 
recoveries in the 26 percent range in the steamflood areas expected. 
Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUS'IlON - Mobil Oil Canada Ltd. (F-295) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir. The dry combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased. 

Project Cost:	 Not Disclosed 

(WISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 

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 (125 percent), AOSTRA (75 percent), and Petro-Canada Inc. (123 percent). Other parties may participate 
by reducing AOSTRA's ownership. The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern will consist of a four-spot geometry with an enclosed area of 0.28 hectacres 
(0-68 acres). Observation wells will also be drilled. The process will test the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). In the absence of natural injectivity, a special fracturing 
technique will be used. Sophisticated seismic methods and other techniques will be used to monitor the in situ process. 

Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 1985 and was 
onstream in the Fall 1986. 

Project Cost: 	 $22 million (Canadian) 

GROSMONT THERMAL RECOVERY PROJECT - UNOCAL Canada Limited (T-300) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Grosmont formation of Alberta's 
carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and drive processes in section 28-
87-19 W4. At present 2 single well huff and puff pilots are still in operation. Participants in this project include the Alberta Oil 
Sands Technology and Research Authority (50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of 
Canada Limited (25 percent). The project has now been mothballed. 

At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost: 	 Not disclosed
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HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japanese 
Canadian Oil Sands (T-700) 

The Hanging Stone Project is located 50 km south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three welts have been tested for injection and recovery. Fifteen additional wells were 
drilled in the winter of 1986-87 to further delineate the zone of interest. Although continuous production has been achieved, the 
project/process is not commercial at this time. 

Total land holding for the project is one-half million hectares. 

Project Cost: 	 Not formulated. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (F-690) 

The Iron River Pilot Project will consist of a 10 acre pad development with 23 directional and slant wells on an eight and four acre 
spacing within a 160 acre site. The project is 100 percent owned and operated by Mobil Oil. It will be loacted in the northwest 
quarter of Section 6-64-6 W4 adjacent to the existing Iron River battery facility located on the southwest corner of the quarter 
section. The project is expected to produce 1,450 barrels of oil per day. Through expansion, the existing battery facility will be 
able to handle the expected oil and water volumes. Plans call for the produced oil to be transported by underground pipeline to 
the battery. Pad facilities will consist of a 75 million BTU steam generation facility, test separation equipment, piping for steam 
and produced fluids, and a flare system for casingbead gases. 

To obtain water for the steam operation, a ground water well is proposed to be drilled on the pad site. Prior to use, the water 
will be treated. Produced water will be injected into an existing disposal well. The fuel will be supplied from Mobil's existing fuel 
gas supply system and the treated oil will be trucked to the nearby Husky facility at Tucker Lake. 

Government applications and engineering studies axe planned to be completed by early 1987. Assuming government approvals, 
construction and drilling could begin during the summer of 1987 with production beginning in 1988. The pilot project is expected 
to operate for a minimum of five years. 

Project Cost: 	 $12 million 

ICENOCO PROJECT - Kenoco Company (T-340) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The 
principals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was success-
fully operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood 
process. The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core 
holes were drilled and analyzed. 
Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 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-360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 acres. 
Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested from 
1980 to 1983 but has been terminated. Huff-and-puff continues. Production rates from the seven-spot area have been encourag-
ing to date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 de-
grees API and has a viscosity of 30,000 Cp at 70 degrees F. Porosity is 33 percent and permeability is 2500 md. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects) 

Project Cost: 	 $7 million to date
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LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (T-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection fire  flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 
evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the welibore prior to switching over to enriched air 
injection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted 
plan of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. 
Enriched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injec-
tion rate at 110 million cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any 
oxygen breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen. 

Project Cost:	 $22 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sands Technology and Research Authority -33-
1/3 percent; HP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

HP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (AOSTRA) entered into an agreement in 
1982 whereby they would test the potential for producing bitumen from the heavy oil deposits in the Cold Lake area of north-
eastern Alberta. The project consists of one cyclic steam stimulation well and two observation wells in the BlO sand of the Lower 
Grand Rapids Formation (B Unit), and commenced in 1982. Initially only one cycle of steam stimulation was considered. The 
project deadline was extended to the end of 1986, consisting of four cycles. (See Wolf Lake Project listed in commercial projects.) 

This test has now been completed and the project has been suspended. No further testing will take place until oil prices recover. 

The results of the single-well test proved that the BlO sand has significant cyclic steam potential. In view of this success, a multi-
well cyclic-steam test will be conducted in the BlO reservoir. The test will be carried out in a maintenance satellite of the Wolf 
Lake project. However, the test is considered to be experimental since no prior multi-well cyclic-steam stimulation has been 
carried out in this formation. Also, some of the wells in this pad will be testing the producibility of other sands in the B-Unit. 

Project Cost: 	 $4.2 million (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (T-420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-514 W4M in the Morgan field in order to 
evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have 
been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimulations to provide for 
production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the 
nine patterns have been ignited and are being pressure cycled using air injection. 

Project Cost: 	 $20 million 

PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (T-460) 

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 contribut-
ing a minimum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phase I by contributing 
$30.8 million. 

Phase II, designed initially to further test and delineate the resource, is now underway. This phase includes a multi-cycle single 
well steam simulation test at 13-2744-11 W4 now in its fourth production cycle and a second multi-cycle single well steam stimula-
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lion test at 16-27484-11 W4 in its fifth production cycle. A third multicycle single well steam stimulation test at 4-35-84-I1 W4 is in 
its second cycle. 

Project Cast:	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation (T-480) 

Construction of fireflood and stcamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase 11 (ftreflood) commenced operations during September 1982. The pilot con-
sists of a 31-well centrally enclosed 7-spot pattern plus nine additional welts. Oxygen injection into two of the 7-spot patterns was 
initiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project converted to steam stimulation. Sixteen pilot welts were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. Remaining wells retained on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming will be under-
taken in these new wells commencing in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic 
steaming of the producing wells on the 7-spot steamflood project south of the pilot continues with startup of the steamflood 
scheduled for fall 1987. 

Project Cost:	 Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - Noreen Energy Resources Limited (1'-482) 

Noreen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre 
inverted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. 

All nine pattern wells were placed on primary production in February 1985. Primary production operations will be maintained at 
all but three welts until start-up of the permanent steam and production facilities in December 1985. 

Project Cost:	 Not Disclosed 

PR SPRING PROJECT - Enercor and Solv-Ex Corporation, ('T485) 

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 50) 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 M,947,000 under the United States Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by 
Congress on December 19, 1985 before financial assistance was awarded to the project. 
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The sponsors are evaluating various product options, including asphalt and combined asphalt/jet foci. Private financing and 
equity participation for the project are being sought. 

Project Cost: 	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry (T-520) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking-demetallation-cracking, was completed in 1984. Its capacity is 
5 barrels per day, and operation is continued to evaluate catalyst performance and also to obtain engineering data. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. A 10 barrels per day pilot plant with suspended-bed reactor, designed by the 
M. W. Kellogg Company, was completed in 1985 and is in operation. 

Project Cost:	 Not Disclosed 

RAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (r-527) 

The tar sand thermal pilot lies onshore in the Ras Gharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, 
spaced approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an avenge 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 

Rfl PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (T-540) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc, during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substan-
tial reduction in waste volume. 
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 gen-
erated. 

Project Cost:	 Undisclosed 

SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-550) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980091 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, 
through expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 per-
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cent and Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, 
and more recently in 1985. Engineering studies on commercial feasibility are continuing. 

Project Cost:	 Not Specified 

SOUTH KINSELLA (KINSELL.A B) - Dome Petroleum Ltd., PanCanadian Petroleum, and Petro-Canada (T-565) 

The project is a test of oxygen combustion in a waterflooded field. The pilot consists of five wells drilled in an inverted five spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost:	 $43 million 

SUFFIELD HEAVY OIL PILOT - (SHOP) -. Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (T-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir is a Glauconitic sand in the Upper 
Mannvitle formation which is underlain by water. The wells, including three temperature observation wells, were drilled during 
the summer of 1980. Completion of facilities construction occurred in the fall of 1981 and injection started in early 1982. 
AOSTRA holds a 50 percent interest in the project, Alberta Energy Company holds a 25 percent interest and Dome Petroleum 
and Westcoast Petroleum each hold a 123 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— AOSTRATThe UMA Group Ltd. (r-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat 
exchange, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 
tons of Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The 
information agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the 
information generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid coker, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

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. 

Project Cost:	 To Date:	 $5.3 million 
Outstandinr 	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA) 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, 
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It & D PROJECTS (Continued) 

to be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand 
Triangle Special Tar Sand Area (STSA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 
640 acres in the Raven Ridge-mm Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With 
these 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-655) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells 
were added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the 
lease. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well. Two portable natural gas-tired steam 
generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be provided by fresh water wells at the 
site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and 
permeability is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100,000 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated 
facilities. The proiect resumed operation durin g the third Quarter of 1987 following a 12-month shutdown due to inadequate oil 

Project Cost: 	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (r-410) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process unit. The project in-
volves drilling two parallel vertical shafts. Horizontal tunnels off the shafts will allow drilling of access wells to permit heated 
bitumen to flow by gravity into the tunnels. 

AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production wells, 500 to 
600 meters in length, will be installed in the oil sand by drilling horizontally from tunnels in the sand, or by drilling up and deviat-
ing to the horizontal from tunnels in underlying limestone. Recovery schemes which might be considered include steam assisted 
gravity drainage, electrical preheat, carbon dioxide steam flood, or solvent processes. 
Norwest Resources Consultants worked on a design study for AOSTRA involving a mine shaft and tunnel pilot project. A test 
site was selected 12 miles west of Syncrude with reserves on the lease estimated at 325 million barrels. Exploratory drilling was 
done in the winter of 1985/1986 to expand the data base. Construction of a 22 mile access road started early in January 1984. A 
$23 million contract was signed with Patrick Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the sink-
ing of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. To date, the shafts have been completed 
and, with the additional work done by). S. Redpath, approximately 1 kilometer of tunnel is in place. 

An innovative underground drilling machine has been designed and fabricated by Drill Systems for the project. After undergoing 
surface testing at Exshaw, Alberta. The rig was moved to the UTF site and reassembled in the mine. It is now drilling the initial 
underground test wells. 

Recovery processes will be tested in conjunction with drilling tests as part of the next phase of the project. The development of 
effective bitumen extraction processes is crucial to the success of the oncoming pilot phase. Preferred processes have been iden-
tified and construction of the pilot phase is presently nearing completion. 

Project Cost:	 $100 million
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WOLF LAKE OXYGEN PROJECT (Formerly Marguerite Lake Phase A) - BP Canada Resources 

BP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby Hudson's Bay 
and PanCanadian joined BP in a pilot in situ project to produce 900 barrels per day bitumen from the Cold Lake heavy oil deposit 
of northeastern Alberta. At the end of 1985 the first phase of the project was completed. The second phase tasted from 1986 to 
April 1, 1987, when the project agreement expired. The project, which is to last until 1988, involves the use of steam and combus-
tion for bitumen recovery and is located at 7-66-R5-W4M. It is presently funded 100 percent by BP Canada. At the end of 1985 
the first phase of the project was completed. The current phase, which will until 1988, is planned to further develop the combus-
tion process so that it can be taken into the Wolf Lake Project in the 1990s. The project utilizes cyclic steam stimulation followed 
by in situ combustion in the Mannvilte 'C' zone at a depth of about 450 meters. The pilot initially consisted of four 5-spot well 
patterns with 5-acres per well spacing, plus four 'out-of-pattern' test wells. Five infill wells were drilled in 1981 and five additional 
infill welts were drilled in 1984. Initial steam injection (Phase A) commenced in mid-1978 and continued through the mid-1980s. 
Preliminary testing of the in situ combustion stage began in several special test wells located immediately adjacent to the main 
pilot wells, using air. Oxygen injection was successfully tested on an experimental basis in March 1983, and the main pilot area was 
convened to oxygen injection in October 1983. Combustion will continue until 1988. 

(See Wolf Lake Project listed in commercial projects.) 

Project Cost:	 $50 million (Canadian) 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (T.665) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm2. Tempera-
ture ranges from 279 to 281 degrees K porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by 
weight. Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 1.5 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past IS 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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COMPLFI'ED AND SUSPENDED PROJECTS 

Project Sponsor Last Appearance in SFR 

Aberfeldy Project Husky Oil Operations, Ltd. March 1983; page 3-33 

A.D.I. Chemical Extraction Aarian Development, Inc. December 1983; page 3-56 

Alsands Project Shell Canada Resources, Ltd. September 1982; page 3-35 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. December 1984; page 3-44 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. December 1983; page 3-56 

Asphalt Ridge Tar Sands Pilot Sohio December 1986; page 3-51 

Asphalt Ridge Pilot Plant Enercor September 1984; page T-7 
Mobil 
University of Utah 

Block One Project Amoco Canada Petroleum Company Ltd. September 1984; page T-8 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. September 1984; page T-8 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor December 1986; page 3-43 

Calsyn Project California Synfuels Research Corporation March 1984; page 3-34 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova March 1987; page 3-29 
Petro-Canada 

Cat Canyon Steamflood Project Getty Oil Company December 1983; page 3-58 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor June 1987; page 3-55 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company March 1985; page 3-42 

Chemech Project Chemech December 1985; page 3-51 

Chetopa Project LOR Petroleum Company December 1983; page 3-59 

Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31 

Deepsteam Project Sandia Laboratories March 1984; page 3-41 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. December 1985; page 3-38 

HOP Kern River Commercial Ladd Petroleum Corporation June 1985; page 3-51 
Development Project 

Ipiatik Lake Project Alberta Energy Company and December 1986; page 3-63 
Petro-Canada
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Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
- Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project lIT Research Institute March 1983; page 3-43 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project Solv-Ex Corporation March 1985; page 345 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 343 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

"2	 Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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INDEX OF COMPANY INTERESTS 

Company or Organization Project Name 

Alberta Energy Company Syncrude Canada Ltd. 3-51 

Alberta Oil Sands Equity Syncrude Canada Ltd. 3-51 

Alberta Oil Sands Technology ABC Cold Lake Pilot 3-52 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 3-52 

Donor Refined Bitumen Process 3-54 
GLISP Project 3-56 
Marguerite Lake B Unit Experimental Test 3-58 
Taciuk Process Pilot 3-61 
Underground Test Facility Project 3-62 

Amoco Canada Ltd. Elk Point 3-46 
GLISP Project 3-56 

Amoco Production Company Sunnyside Project 3-50 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 3-52 

BP Resources Canada Ltd. Marguerite Lake B" Unit Experimental Test 3-58 
Wolf Lake Project 3-51 
Wolf Lake Oxygen Project 3-63 

California Tar Sands Development Corp. California Tar Sands Development Project 3-45 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-53 
Technology 

Canada Cities Service, Ltd. Eychill In Situ Steam Project 3-55 
PCEJ Project 3-58 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-51 
Hanging Stone Project 3-57 

Canadian Reserve Oil & Gas Ltd. Eyehill In Situ Steam Project 3-55 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-53 

Canterra Energy Ltd. Athabasca In Situ Pilot Project 3-52 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-53 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot 3-52 

Consumers Cooperative Refineries Ltd. NewCirade Heavy Oil Upgrader 348 

Devran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 3-49 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 347 
Lindbergh Thermal Project 3-58 
Morgan Combination Thermal Drive Project 3-58 
Primrose Lake Commercial Project 3-49 
South Kinsella (Kinsella B) 3-61 

Enercor PR Spring Project 3-59 

Enpex Corporation Enpcx Syntaro Project 3-55 

Esso Resources Canada Ltd. Cold Lake Project 345 
Esso Cold Lake Pilot Projects 3-55 
PCEJ Project 3-58 
Syncrude Canada Ltd. 3-51
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Company or Organization	 - Proiect Name 

Hanging Stone Project 3-57 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-60 

GNC Tar Sands Corporation Sunnyside Project 3-50 

Greenwich Oil Corporation Forest Hill Project 347 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-54 
Pelican-Wabasca Project 3-59 
Sandalta 3-60 
Syncrude Canada Ltd. 3-51 

HBOCI Oil Sands Partnership Syncrude Canada Ltd. 3-51 

Home Oil Company Sandalta 3-60 

Husky Oil, Ltd. Bi-Provincial Project Upgrader Facility 3-45 
Tucker Lake Pilot Project 3-62 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-60 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCFJ Project 3-58 
Hanging Stone Project 3-57 

Kenoco Corporation Kenoco Project 3-57 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-54 
- Tar Sand Triangle 3-61 

L'Association pour Ia Valorization Donor Refined Bitumen Process 3-54 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-52 
Celtic Heavy Oil Wet Combustion 3-52 
Cold Lake Steam Stimulation Program 3-54 
Fosterton N.W. In Situ Wet Combustion 3-56 
Iron River 3-57 
Sandalta 3-60 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-55 
Lindbergh Commercial Thermal Recovery Project 3.47 
Lindbergh Steam Project 3-57 

NewOrade Energy Inc. NewOnde Heavy Oil Upgrader 348 

Noreen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-59 

Ontario Energy Resources Ltd. Suncor, Inc. 3-50 

ORS Corporation Electromagnetic Well Stimulation Process 3-54 

PanCanadian Petroleum Frog Lake Project 3-47 
South Kinsella (Kinsella B) 3-61 
Syncrude Canada Ltd. 3-51 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-53 

Petro-Canada CANMET Hydrocracking Process 3-53 
Daphne Project 3-46 
GLISP Project 3-56 
Hanging Stone Project 3-57 
Marguerite Lake B Unit 3-58 
PCEJ Project 3-58 
South Kinsella (Kinsella B) 3-61 
Syncrude Canada Ltd. 3-51
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Company or Orsanization Project Name Page 

Wolf Lake Project 3-51 

Research Association for RAPAI) Bitumen Upgrading Project 3-60 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTR Pilot Project 3-60 

Saskatchewan Government NewGrade Heavy Oil Upgrader 348 

Shell Canada Resources, Ltd. Athabasca Project 345 
Peace River Complex 348 
Sarnia-London Road Field Mining Assisted Project 3-49 
Scottford Synthetic Crude Refinery 3-50 

Solv-Ex Corporation Athabasca Project 3.45 
PR Spring Project 3-62 

Southworth, Ray M. Enpex Syntaro Project 3-55 

Suncor, Inc. Fort Kent Thermal Project 3-56 
Suncor 3-50 

Sun Oil Company Suncor, Inc. -	 3-50 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-52 

Texaco Inc. Diatomaceous Earth Project 346 

Texas Tar Sands, Ltd. Enpex Syntaro Project 3-55 

Triad Engineering Services Ltd. PR Spring Project 3-59 

Uentech Corporation Electromagnetic Well Stimulation Process 3-54 

Underwood McLellan & Associates Taciuk Processor Pilot 3-61 
(UMA Group) 

Unocal Canada Grosmont Thermal Recovery Project 3-56 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-63 

Whittier, M. H. Enpex Syntaro Project 3-55 

Worldwide Energy Fort Kent Thermal Project 3-56
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PROJECT ACTIVITIES 

DOE AUTHORIZES GREAT PLAINS TO STUDY 
BYPRODUCTS 

The United States Department of Energy (DOE) has 
authorized a $1.5 million study of whether the Great 
Plains Gasification Project could increase its revenues 
through the sale of byproducts. ANG Coal Gasifica-
tion Company, under contract to operate the plant, 
has advocated Vie sale of byproducts to make the 
project more profitable. However, DOE has refused 
to spend money to add equipment to the plant be-
cause its future is unclear. 

Early this summer, DOE decided to at least allow a 
study of the byproducts question. The $1.5 million 
will come from tile project's reserve funds, which to-
taled about $80 million in June. 

The study will take place over the next year and will 
include an economic and technical analysis. As part 
of the new study, A NC will examine potential market 
opportunities and develop designs for plant modifica-
tions. Included will be a study of the feasibility of 
co-producing argon gas when oxygen is made for the 
plant's gasifiers. A major area of interest is the sale 
of chemicals from coal tars. 

it # u# 

SHELL'S COAL GASIFICATION PLANT IN HOUSTON 
STARTS UP 

Construction was completed on Shell Oil Company's 
coal gasification demonstration plant at Deer Park, 
near Houston, early this year. A ribbon-cutting 
ceremony, held April 30th, included representatives of 
the participants in the project from Shell Oil Com-
pany, Shell Internationale Research, the Electric 
Power Research Institute (EPRI) and Combustion En- 
gineering. The coal gas demonstration plant is the 
first in the United States to make synthetic gas using 
the Shell Coal Gasification Process. 

Shell says that Its technology allows the conversion of 
a wide variety of coals with high efficiency to syn-
thesis gas. Coupled with combined cycle power gen-
eration, Shell believes this technology Is cost-
competitive for converting coal into electricity, while 
protecting the environment. 

When fully operational, the demonstration plant will 
consume 250 to 400 tons of different types of coal 
daily and produce about 12 million cubic feet per day 
of medium BTU gas and 35,000 pounds per hour of 
steam. The plant is located adjacent to Shell's Deer 
Park Complex, which will utilize the energy produced. 

The gasifier uses Shell's dry-feed, entrained-bed stag-
ging gasifier technology. The test will start with 11' 
Unol.s No. 5 coal, but Shell plans to test Texas lignite 
later.

The gasifier uses pure oxygen, and operates at 26' 
30 atmospheres and 3,000 0 F. During the develop-
ment phase, the technology has been demonstrated to 
work with many coals, Including high-sulfur varieties 
and Texas lignites, says Shell. A major advantage for 
the process Is its ability to use dry feed. 

The plant entered the shakedown phase in mid-summer 
and has already been operated at design capacity. if 
the shakedown goes according to plan the projects 
demonstration phase will begin early this fall. 

Shell Oil Company has contracted with Turns Coal 
Company in Elkhart, Illinois for an anticipated volume 
of 50,000 tons of high-sulfur coal over a two-year 
period for the gasification project. Illinois coal was 
selected in order to develop a thorough data base on 
high-sulfur coal. 

APPEALS COURT UPHOLDS GREAT PLAINS GAS 
CONTRACTS 

A federal appeals court has upheld the validity of 
contracts for the sale of synthetic natural gas from 
the Great Plains Coal Gasification Plant In North 
Dakota. The ruling was handed down by the Eighth 
Circuit Court of Appeals in St. Louis. It upheld a 
January, 1986, decision by the United States district 
court in North Dakota. 

Under	 the	 court's	 ruling,	 four	 natural	 gas	 pipeline 
companies - all affiliates of	 the	 original sponsors of 
the Great	 Plains project - will be	 required to honor 
terms	 of	 gas purchase	 agreements	 signed	 on 
January 2,	 1982. The SS-year contracts obligate each 
pipeline to "take or pay" for a fixed share of the gas 
produced by the coal	 gasification	 plant.	 Gas	 prices 
are	 determined by	 formula	 that,	 in	 the	 first	 five 
years	 of	 plant operations,	 ties	 the	 prices	 to	 the 
producer	 price index	 for	 all	 commodities	 and	 the 
price Index of	 No.	 2 fuel oil.

Assurance that these agreements will remain enforce-
able is crucial to the Department of Energy's efforts 
to return the Great Plains plant to private ownership. 

In 1986, after completing the legal process of 
foreclosing on the plant, the Energy Department took 
over official ownership and has continued to operate 
the plant under a contract with the ANG Coal 
Gasification Company. The plant has operated consis-
tently at nearly 100 percent of Its original designed 
production. Earlier this year, the Department con-
tracted with Shearson Lehman Brothers Inc., a New 
York-based investment bank, to seek potential buyers 
for the facility. 
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Currently, gas produced by the facility is being sold 
for approximately $3.60 per thousand cubic feet which 
nets the project between $1 million and $2 million 
per month in revenues after expenses. 

The four pipeline companies purchasing gas from the 
Great Plains plant are Natural Gas Pipeline Company 
of America, Tennessee Gas Pipeline Company, ANR 
Pipeline Company, and Transcontinental Gas Pipe Line 
Corporation. 

Beginning August 1, 1989, the price will be limited to 
the price being paid by the pipeline companies for 
their most expensive gas. Therefore, this date will 
be an additional critical time for the plant. 

The pipeline companies had argued that the Depart-
ment of Energy employees had made statements to 
the press that indicated that it would abandon the 
project before the 25-year period of the gas contracts 
expired. The Eighth Circuit Court, however, upheld 
United States District Court Judge Patrick Conmy's 
decision that the pipeline companies were required to 
buy the gas as long as the gas meets contract 
specifications and the Federal Energy Regulatory 
Commission (FeRC) permits the extra cost of the gas 
to be passed on to the pipelines' customers. 

FERC Opinion 119, dated April 30, 1981, assures that 
rolled-in gas pricing would remain in effect through 
the 25-year term or agreements with pipeline coin-
panics purchasing gas from the plant. 

However, FERC has considered a proposal to modify 
the current rolled-in gas pricing policy which allows 
for the blending of natural gas and higher-priced syn-
thetic gas to keep the synthetic gas marketable. A 
decision by FEI1C disallowing rolled-in pricing would 
prove fatal to the project. 

DOW SYNGAS PLANT STARTS UP 

The largest gasification combined cycle power plant In 
the world, the Dow Syngas Project, is in the start-up 
phase. Syngas has been made and used in Dow's tur-
bines to make power. 

In April the 2,400 ton per day plant completed two 
short runs on coal slurry feed designed to test equip- 
meat and procedures. Ali parts of the plant, includ-
ing the use of syngas for power generation, were 
commissioned. Production resumed in May with the 
plant performing well In one run at rates up to ap-
proximately 70 percent of capacity. 

The Dow Syngas Project is owned and operated by 
Louisiana Gasification Technologies Inc., a wholly 
owned subsidiary of Dow Chemical Company. The 
project used Dow-developed entrained flow coal 
gasification technology to convert Western sub-
bituminous coal, or other suitable coal, including lig-
nite, into medium BTU synthetic gas. The synthetic

gas is used as fuel in combined cycle gas turbines 
cogenerating electricity and steam. 

The project is located near Plaquemine, Louisiana, in 
Iberville and West Baton Rouge parishes, within the 
existing Dow Louisiana Division. 

Dow plans to offer licenses for its coal gasification 
and combined cycle technology. The technology is 
acknowledged to be non-competitive with today's low 
natural gas prices. Dow estimates that on the basis 
of current coal costs, syngas could be delivered for 
about $4 per million BTU. Table 1 gives the capital 
cost estimate presented by R. Fisackerly and 
D. Sandstrom at the Fourteenth Biennial Lignite Sym-
posium held in Dallas, May 28, 1907. 

TABLE I 

CAPITAL COST FOR A 1392 IN lOt PLANT t7FlLIZlM
TIlE IUV COAL GASIFICATION PROCESS 

(Typical Lignite) 

Capacity 

GT 6 9 145 iflV	 $70 M 
ST 2 0 361.5 tIV	 722 MV 

Total Generation	 1592 iiVl 
Gasification Use	 -23 rv 
Oxygen Use	 -162 31 
Auxiliary Use	 15 r.v 

NetPaver Generated	 1392 MW 

Capital	 1I 86$	 86$/lay 

Gasification Units	 341	 245 
Oxygen Units	 147	 [06 
Coritined Cycle Units 	 482	 346 
Site Facilities	 140	 101 

TOTAL	 lItO	 7913 

Net System Heat Rate (ifflV):	 9415 BTU/KW11 

The feed for the project Is subbituminous coal from 
the Powder River Basin, Wyoming, and the project 
plans to continue to use Western subbituminous coal 
while it Is the economic iced of choice. The sub-
bituminous coal is transported from the mine to the 
project by unit trains consisting of from 70 to 
110 rail cars per unit. Should supply or economic 
conditions dictate, the project maintains the capability 
and flexibility to switch to lignite for its feedstock. 

Gasification Process 

Ground coal/water slurry is pumped to a slurry feed 
tank in the gasification area. Provisions are made 
for back flushing lines and recirculating coal slurry to 
prevent plugging. 	 The slurry is pumped to slurry 
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preheaters, where it is heated to within 50 to 
100 degrees F of the boiling point of the slurry at 
the reactor pressure. After the preheating, the slurry 
is fed to the reactor where it Is mixed with oxygen 
in the burner nozzles. The coal Is almost totally 
gasified by partial combustion to produce synthetic 
gas consisting principally of hydrogen, carbon 
monoxide, carbon dioxide, and water. Molten ash Is 
drained from the bottom of the gasifier into a water 
quench, where the stag is withdrawn continuously as a 
slurry through grinders and a pressure letdown system. 

The hot synthetic gas is cooled in an integral heat 
recovery system to about 1,800 degrees F. This 
second stage is unique to the Dow Coal Gasification 
Process.	 The hot gases leaving the first stage are 
cooled by additional slurry being introduced into the 
second stage. The benefit being that more of the 
energy available in the coal is converted to chemical 
energy to be released in the gas turbine rather than 
recovered by radiant boilers from the hot gas. The 
raw gas Is then passed through a cyclone separator to 
effect a separation of the entrained particles. Dow 
has Included in the project a spare gasifier, cyclone 
and slag crusher in order to help insure the projected 
85 percent availability.

Combined Cycle Plant 

The sweetened syngas is pipelined approximately 
2,000 feet to Dow's existing gas turbines which have 
been modified to accept the medium BTU synthetic 
gas. Two Westinghouse 501D5 gas turbines have been 
modified to accept 100 percent syngas. This provides 
flexibility of operations for the power plant and there 
is no sacrifice in heat rate when running on 
100 percent natural gas. These gas turbines have a 
capacity of 110 megawatts each. 
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CORPORATIONS 

PEPCO TO BEGIN LICENSING OF IGCC POWER 
PLANT 

Potomac Electric rower Company (PEPCO) has tiled a 
request that the Maryland Public Service Commission 
begin licensing procedures for the future addition of 
new generating capacity at PEPCO's Dickerson Gener-
ating Station In northern Tiontgnmery County. 

According to the company, the need for new gener-
ation has been delayed into the mid-1990s by PEPCO's 
conservation programs, Energy Use Management 
programs, capacity purchases and plant life extension. 
However, the anticipated growth In customer demand 
for electricity by the mlth1990s ultimately will 
require bringing Into service a new generating facility. 

The filing, which asks the Commission to approve 
Dickerson as the appropriate site for the new plant, 
is the first In a series of steps PEPCO must take to 
gain state approval for adding the new facility. Fu-
ture Ucnsing activities over the next several years 
will address the specific need for the plant as well as 
site-specific technical and environmental requirements. 

For the new generation at Dickerson, PEPCO plans to 
eventually use integrated coal gasification combined-
cycle (CCC). ?EPCO says this technology offers su-
perior economic and environmental performance, and 
flexibility in choice of fuels. 

The proposed new facility Incorporates two CCC 
units, each totaling about 375 megawatts, that can be 
built in several stages. Current expansion plans call 
for four combustion turbines of about 125 megawatts 
each to begin operating over a four-year period start-
ing in 1994. The combustion turbines will be designed 
to burn oil or natural gas. Future stages of the plant 
will include the addition of heat-recovery boilers and 
steam turbine-generators to the combustion turbines 
to make up two combined-cycle units. The design of 
these units will allow for the construction of coal 
gasification facilities that convert coal to a clean 
synthetic gas as a final stage. The suggested time 
schedule for the two coal gasification units is 2000 
and 2001. 

ALLIS-CHALMERS FILES CHAPTER 11 
BANKRUPTCY 

On July 30, 1987 Allis-Chalmers Corporation filed for 
protection from creditors under Chapter 11 of the 
federal Bankruptcy Code, saying its cash flow had 
deteriorated as negotiations on a major restructuring 
bogged down. The company plans to keep operating 
while It reorganizes.

At one time Allis-Chalmers was one of the country's 
largest farm equipment makers, with sales as recently 
as 1981 of more than $2 billion. In recent years, as 
the farm equipment and mining businesses plummeted, 
the company sold its tarn, business and began an 
elaborate restructuring. The company posted losses 
every year since 1981 and, by 1986, sales had fallen 
to $771.2 million. 

If and when Allis-Chalmers completes ;he current 
planned restructuring, the company will make only 
air-filtration products. That business had pre-tax 
profit from continuing operations of about $17 million 
on sales of $285 million in 1985. 

In the filing, the company said it had assets of 
$545.6 million and liabilities of $533.7 million. Of its 
debt, $191.9 million was listed as secured. 

In its most recent Annual Report, AlLis-Chalmers dis-
cussed progress on its coal gasification program. Two 
phases of the Reliability, Availability and Main-
tainability (RAM) program at the FCILnCAS coal 
gasification plant in East Alton, Illinois, were com-
pleted in 1986. Operating experience gained during 
the RAM program at the Wood River Generating Sta-
tion of Illinois Power Company is providing data 
necessary for detailed design of larger Plants. 

The most recent test campaign, which was completed 
In late December, demonstrated higher cool conversion 
efficiency and gas production rates, obtaining addi-
tional engineering data and demonstrating higher 
availability for the equipment. 

It was anticipated that most of 1907 will be devoted 
to evaluation of results from the most recent phase 
of operation and to analysis, design and component 
test work to enhance future performance. The report 
stated that the prospects of continued development 
for commercial applications will be affected by 
energy prices and whether the company's efforts to 
find a venture partner are successful. 

ARGONNE DEVELOPS PREMIUM COAL SAMPLE 
BANK 

A collection of unique coal samples for use in coal 
research has been created at the Department of 
Energy's Argonne National Laboratory. 

Argonne is madng representative samples of eight 
types of coal available to scientists to help them 
overcome a widespread problem in coal research: dif-
ficulty in comparing results of one researcher directly 
with those of other researchers. By providing stand-
ardized coal samples, specialty processed to remain 
stable for years, Argonne hopes to overcome this 
problem. 
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Scientific results are often difficult to compare be-
cause coat changes once exposed to air. In addition, 
the composition of coat varies In different mines, at 
one mine within a single seam, or in different mines 
working the same seam. Because of the inconsistency 
of samples, different tabs can do the same experiment 
with coal from the same mine and get different 
results. 

The Argonne program was instituted to provide re-
searchers uniform coal samples that are as identical 
as possible physically and chemically to unmined coat. 
The program offers researchers eight - types of coal 
with a range of carbon and sulfur content; geologic 
age and geographical distribution. The samples repre-
sent three major classes of coal from seven states: 
bituminous coal from Illinois, West Virginia, Pennsyl-
vania, Utah, and Virginia, subbituminous coal from 
Wyoming, and lignite coal from North Dakota. 

To prepare the samples, about one and a half tons of 
each coal type were mined from freshly exposed 
seams. Each coal sample was then transported, 
mixed, processed and stored in an environment almost 
free of oxygen, with controlled humidity and tempera-
ture. The coal was crushed into two different de-
grees of coarseness and packaged under nitrogen In 
flame-sealed amber-colored glass vials. Reserve sup-
plies are kept in five-gallon glass jugs. 

These premium coal samples will be available to any 
research Institution. \Iore than 70 programs 
worldwide are already conducting research using the 
premium coal samples. 

The Premium Coal Sample Program is funded by the 
Departñient of Energy Office of Basic Energy 
Sciences, Chemical Sciences Division. Argonne Na-
tional Laboratory is operated by the University of 
Chicago for the Department of Energy. 

PiCA ADVOCATES AGGRESSIVE CLEAN COAL 
TECHNOLOGY PROGRAM 

Citing projections of worldwide growth in demand for 
coal through the balance of this century and beyond, 
and the need for direct linkages with established trad-
ind and defense partners as well as with developing 
nations to assure energy security and economic growth 
in this country, the National Coal Association In July 
urged Congress to launch a program to extend over-
seas the United States know-how In coal utilization 
and pollution control and emerging clean coal tech-
nolugies. 

"United States industry is at the leading edge of 
technology both In terms of conventional coat burning 
and emission control, and in terms of developing new 
clean coal technologies," S. A. Glen, representing the 
National Coal Association (NCA), told the House sub-
committees on Energy Research and Development and 
on International Scientific Cooperation. his statement

notes that the new generation of coal-fired tech-
nologies now being developed will result in Increased 
efficiency In combustion and markedly reduced emis-
sions per BTU consumed.. The United States may be 
In a unique position to provide leadership in advancing 
the International commercialization of these new 
technologies. 

In order for the United States to take advantage of 
opportunities created by growing demand for coat and 
the equipment and technology to use it in an'en-
vironmentally safe way the NCA recommended that: 

- llefoie Congress and regulatory agencies take 
actions affecting the production and transpor-
tation of coal, they allow industry suitable 
flexibility to utilize innovative technologies to 
enhance productivity	 - 

- Industry be more directly involved in develop-
ing and Implementing bilateral and multilateral 
ksearch and development agreements which 
focus on coal use and coal technologies 

- Concerted efforts be made to take advantage 
• of existing economic and financial assistance 
programs to enhance United States competi-

- tion in existing and emerging world coal 
markets	 - 

- United States embassy and consular officials 
and other government representatives overseas 
be given special briefings to educate them 
about the United States coal industry and how 
It can contribute to energy development 
programs- in the countries in which they 
operate.  

Glen said that the United States is not positioning it-
self to take advantage of market opportunities that 
may exist. He suggested that "Congress, industry and 
government work together to devise a program that 
includes the identification of market opportunities, 
and identification of ways that existing United States 
financial programs can be used to assist United States 
industries, both coal and coal technology, in penetrat-
ing these markets." 	 - 

ii 4 # 4i 

IJNDERC MARKS TECHNICAL PROGRESS IN COAL 
CONVERSION 

The Energy Research Center of the University of 
North Dakota (UNOERC) issued its Biennial Report 
marking progress over the past two years. 

Research emphasis at the Center continues to be 
placed on basic science and advanced technologies re-
lated to low-rank coals. The report notes that fifteen 
Individual projects are funded by the current Coopera-
tivc Agreement with the United States Department of 
Energy and several coal-related contracts have been 
received from private-sector clients. 	 Increased cur 
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phasis has been placed on the development of tech-
nologies applicable to coals of all ranks. UNDEEC 
says the need to lessen the environmental impact of 
coal utilization has underscored the importance of the 
continued development of new technologies for use 
with high-sulfur, bituminous coals as well as low-rank 
coals. 

Several current or recently completed projects are 
summarized in the following. 

Hydrothermal Treatment of Coal 

The development of high-energy slurry fuels from coal 
has been largely reserved for research with bituminous 
coals. This is primarily due to the fact that low-rank 
coals contain relatively high levels of inherent mois-
ture and, therefore, have low energy densities. 
1ow ever, hot-water drying permanently removes the 
Inherent moisture as well as some oxygen, allowing 
dramatic improvements in the resulting slurry energy 
density to be made. Elevated process temperatures 
above 240 0 C cause the low-rank coals to undergo 
both chemical and physical changes including decar-
boxylation, mild pyrolysis, dehydration and surface 
modification. The resulting slurry consists of coal 
that has essentially been slurried in its own moisture, 
and has approximately the same heating value as the 
parent low-rank coal. UNDL'[tC has been developing 
this hydrothermal low-rank coal treatment process 
since 1983. 

Steam Gasification of Low-Rank Coals to Produce 
Hydrogen 

Current methods of producing hydrogen involve the 
use of relatively expensive feedstocks, such as natural 
gas or imphtia. In an effort to produce hydrogen 
more economically, UNDERC is developing an altrna-
tive method to produce hydrogen from low-rank coals 
by a gasification process. Conventional gasification 
processes involve elevated temperatures winch favor 
the production of carbon monoxide rather than 
hydrogen.  The approach under Investigation at U N-
DERC aims to exploit the high reactivity, moisture 
content and alkali content of low-rank coals. 

The process consists of catalyzed steam gasification 
of coal in it fluidized bed, under atmospheric pressure 
and at temparatures of approximately 700 0 C to 8000 
C. Sodium and potassium carbonates and the 
potentially-disposable catalysts trona and aahcolite 
were investigated as catalysts for the process 
Kinetics analysis showed that uncatalyzed low-rank 
coals were eight to ten times more reactive than an 
Illinois bituminous coal. In addition, a ten percent 
catalyst loading increased the reactivity of the low-
rank coals by up to 3.5 times. 

Staged and Low-Severity Liquefaction Research 

Development of staged liquefaction has continued in 
an effort to reduce hydrogen consumption. Research 
has focused on the low-temperature first stage which 
takes advantage of the higher reactivity and greater 
affinity for carbon monoxide of low-rank coals, as 
well as the potential for catalytic liquefaction using

hydrogen sulfide as a homogeneous catalyst. Studies 
of solvent effects, mechanlstic/'kinetic studies and 
characterization of liquefaction products have also 
been performed. 

As an extension of this work, UNDERC is developing 
the ChemCoal Process with Carbon Resources, Inc, 
(see related article elsewhere in this issue). The 
ChemCoal Process uses a chemical method to 
separate ash and sulfur compounds from the organic 
matrix of coal. The use of alkali, phenolic solvent, 
coal and carbon monoxide provides the necessary 
chemical reaction. The ChemCoal Process offers a 
practical method of forming a low-ash, low-sulfur, 
high BTU fuel from coal which can either be used 'as 
Is' (a finely divided solid at room temperature) or 
upgraded by hydroprocessing to a liquid fuel. 

Organic Structure of Low-Rank Coals 

The primary goal of this research project was to 
develop a description of the major organic structural 
features of low-rank coals. The nature of the cyclic 
structures, the aromaticity and degree of ring conden-
sation, the structure and numbers of bridging groups, 
the amount and distribution of hydroaromnatic 
hydrogen, and the average molecular weight of the 
material are Included in such a description. The 
results will aid In understanding the behavior of the 
macromolecules in various chemical and physical 
process. 

Pyrolysii and Devolatilizatlon of Low-Rank Coals 

The effects of pyrolysis conditions and coal type on 
the nature of water-soluble organic effluents were in-
vestigated. Results of testing under various condi-
tions in a small pyrolysis reactor system indicated 
that the liquor composition of a particular coal could 
be predicted for a fixed bed gasifier system. Testing 
of coals from different lithologic layers within the 
same mine indicated that , the yields of water-soluble 
organic effluents differed between layers. The results 
of this research project make it possible to oRtimize 
a gasifier system through selective mining and/or 
blending of coal, as well as to provide knowledge of 
the nature of the gas liquor to be generated by the 
coal under various pyrolysi4 conditions. 

Gasification Wastewater Treatment 

The chemical characteristics of gasification waste-
waters dictate the choice of treatment processes as 
well as the reuse schemes that can be employed. 
Wastewater treatment programs underway at the 
Energy Research Center are determining the treat-
ment requirements for wastewaters reproduced from 
several coal gasification processes currently being 
demonstrated. Bench-scale and pilot-scale studies ex-
hibiting successful treatment and reuse of Great 
Plains Gasification Plant wastewater were conducted 
(see related article elsewhere in this Issue). Bench-
scale evaluations of various chemical, physical, and 
biological wastewater treatment processes were also 
performed on wastewaters generated at Allis-
Chalmers' KILnOAS facility,	 Southern California 
Edison's Coçl Water plant (Texaco gasifier), 	 and 

4-6	 SYNTHETIC FUELS REPORT, SEPTEMBER 1987



British GasCompany's slagging Lurgi gasification plant 
In Scotland. 

Pilot scale research has also been conducted to obtain 
process performance and kinetic data for biological 
nitrification and denitrificatlon of stripped gas liquor 
f!om the Great Plains Gasification Plant. Wastewater 
pretreated in an activated sludge system was fed to a 
biological treatment system to test degradation of 
ammonia to molecular nitrogen. The objective of this 
work was to determine if the wastewater could be 
upgraded sufficiently to allow direct discharge. Am-
monia removals of greater than 96 percent were ob-
tained during testing. 

Biological Processes for Treatment of Stripped Gas 
Liquor 

Research was conducted to compare two biological 
processes used in the treatment of condensate

produced by the Great Plains Gasification Plant. Fol-
lowing solvent extraction and steam stripping to 
remove phenols and ammonia, respectively, the result-
lag stripped gas liquor was treated by fixed film in a 
rotating biological contactor (Rile), and by suspended 
growth In an activated sludge unit. Process perfor-
mance data for both treatment units, as well as ear 
timtions of the kinetics of treatment, were deter-
mined. The ultimate goal of the project was to 
develop a pretreatment scheme that would allow the 
reuse or discharge of the wastewater. The results in-
dicated that, for a single process, activated sludge 
would be the most cost-effective. Advantages In-
herent in each step could be utilized, however, with 
Rile as a pretreatment and activated sludge as a 
polishing step.

nfl 
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GOVERNMENT 

El-GAS PLANT AUCTION DRAWS LITTLE INTEREST 

On July 1, 1087, the General Services Administration 
Office of Real Estate Sales, auctioned off the former 
Si-Gas coat gasification facility at Homer City, Pen-
nsylvania. 

The 37-acre facility is located in a planned Industrial 
park northeast of Pittsburgh. The site has been in-
operative since 1983 and included a gasifier processor 
and miscellaneous buildings. It was listed as having 
potential for adaptation to an energy/chemical 
processing plant or having considerable salvage value. 
however, the high bid received was less than half of 
the General Service Administrations' estimate of 
$1,000,000 marcet value.

## nu 

ENERGY DEPARTMENT TO FUND SMALL-SCALE 
FEC DEVELOPMENTS 

Six new fluidized bed combustion (FI3C) concepts will 
be developed under cost-shared contracts announced 
by the United States Department of Energy's Morgan-
town Energy Technology Center, in Morgantown, West 
Virginia. These studies address the small boiler 
market for which FBCs are not yet commercially 
feasible.	 The studies result from two 1986 Program
Research and Development Announcements (P RD A). 

Four projects were selected from 17 proposals 
received in response to a PRDA for Special Applica-
tions. This PRDA addressed FI3Cs for light industrial 
and residential (apartment complexes) applications. 
The total cost to the government of the four projects 
is expected to be $6.2 million, and the participants' 
share will he about $3.4 million. 

Riley-Stoker, Worcester, Massachusetts, will develop 
and demonstrate a multi-solid circulating-bed combus- 
tor, in which the coal and limestone are transported 
to the top of the combustor and are then separated 
from the gas stream and returned to the bottom of 
the combustor. The concept is claimed to give high 
combustion efficiency, nitrogen and sulfar emission 
control, high limestone utilization and rapid response 
to changes in steam demand. The combustor can 
handle a wide range of coal sizes, including run-of-
mine coal, and can easily accommodate liquid and 
slurried fuels. 

Hydrocarbon Research Inc., Lawrenceville, New Jer-
sey, proposes a novel concept called a dual-sided, 
multi-riser FSC. This combustor will have several in-
ternal risers and downco,ners to channel the air and 
solids up and down. This configuration is said to 
provide good carbon buraup, safe and reliable opera-
tion, environmental acceptability, cost effectiveness, 
and a compact size.

Energy and Environmental Research Inc. , Irvine, 
California will develop an air-cooled FSC to supply 
warm air, hot water, or process steam in a commer-
cial or light industrial application. The combustion 
chamber will contain no in-bed heat exchanger tubes 
that may be subject to erosion or corrosion. Transfer 
of coal and limestone, and disposing of spent lime-
stone and ash, are said to virtually dust free. 

Management and Technology Consultants Inc., Colum- 
bia, Maryland, will evaluate an FEC in which pulsed 
air is sent through the bed of limestone particles and 
burning coal. This pulsation enhances system perfor-
mance. Pulse combustors have high heat release and 
heat transfer rates, which result in a smaller combus-
tor size. 

Two projects were selected from eight proposals 
received in response to the PRDA for Advanced Con-
cepts. This PRDA addressed FOGs for commercial 
applications (steam output 75,000 to 150,000 pounds 
per hour). The total cost to the government of the 
two projects is expected to be $2.7 million, and the 
participants' share will be about $2.6 million. 

York-Shipley, York, Pennsylvania, proposed a vortex 
fluidized-bed concept that combines the characteris-
tics of a conventional fluidized bed with those of a 
cyclone furnace. Instead of feeding all the combus-
tion air through the bottom of the combustor as in 
most bubbling-bed FIJC units, some of the air Is in-
jected through the walls. This secondary air gives a 
vortex motion to the flow. The vortex combustor has 
• high combustion intensity so it is much smaller than 
• conventional FEC. 

Riley-Stoker,	 Worcester,	 Massachusetts,	 will also 
develop a circulating multi-solid FEC. The first-
generation design has just started to be sold commer-
cially for large scale applications after a development 
period of 10 years. The new project will use second-
generation, multi-solid FBC technology for smaller in-
dustrial applications. 

TWO FIRMS PICKED TO COMPLETE MIlD PROOF 
OF CONCEPT PROGRAM 

The United States Department of Energy has accepted 
proposals from two firms to build and test the final, 
prototype equipment that would prove the technical 
viability of the mngnetohydrodynamic (1.1111)) power 
concept. The two firms are TRW, Inc., of Redondo 
Beach, California and Babcock & Wilcox of Alliance, 
Ohio. They will design and construct the two major 
segments of the 1`1111)  power train, linking together 
components that previously had been tested only 
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separately or at smaller scales. Both firms were pre-
viously awarded contracts for seed regeneration 
processes (Pace Synthetic Fuels Report, June 1987, 
page 4-6). 

If the two projects achieve their objectives by their 
scheduled completion dates in 1992, they will cul-
minate an MilD development effort that will have 
spanned nearly two decades and involved more than 
$600 million of public and private financing. The 
"proof of concept" testing--the final stage of the re-
search and development effort —was called for in a 
joint government-industry development plan approved 
in June 1984. 

TRW will integrate the major components of the top-
ping cycle, the first portion of the system in which 
coal is burned and electricity generated from hot 
gases moving through a magnetic field. The tests 
will be carried out at the Energy Department's MUD 
facility in Butte, Montana. 

Simultaneously, at a test facility in Tullahoma, Ten-
nessee, Babcock & Wilcox will Integrate the bottoming 
cycle of the system in which heat from the process Is 
recovered to make steam for a conventional power 
generating turbine and seed chemicals are removed 
from the hot gases for reuse. 

TRW's work will Involve the design, construction and 
deivtery of a completed coal-fired MUD topping cycle 
to the department's Component Development and In-
tegration Facility In Butte. New prototypes of MUD 
equiprnnt-ra 50 megawatt (ther m al) coal combustor, 
and MUD channel, and the power conditioning system 
needed to convert direct current electricity to alter-
nating current for transmission to a commercial grid 
--will be linked with existing equipment to create a 
complete unit for long-duration tests. 

In addition to the overall Integration, TRW will focus 
on developing the combustor. . Avco Research 
Laboratory, Inc., will provide expertise in channel 
design and testing. The Westinghouse Electric Cor-
poration will work on the power conditioning and con-
trol subsystems, and the STI) Research Corporation 
Will provide analytical support. 

In the bottoming cycle effort, Babcock & Wilcox will 
develop and deliver equipment including a modified 
coal preparation system and an automatic ash 
recovery system. The equipment will be installed at 
the Energy Department's Coal-Fired Flow Facility in 
Tullahoma. Addition of the new equipment will per-
mit long duration tests using both eastern and western 
coals. 

Although the "proof of concept" efforts will be con-
tingent upon the future availability of federal funds, 
the two, five-year projects together could cost some 
$40 million when completed. 

ft ft ft

PUBLIC VIEWS SOLICITED FOR CLEAN COAL 
TECHNOLOGY PROGRAM 

The United States Department of Energy solicited 
points of view from representatives of industry, state 
and local governments, and the general public con-
cerning President Reagan's proposed $2.5 billion, five-
year clean coal technology initiative. Four public 
meetings were held in Albuquerque, St. Louis, Pit-
tsburgh and Washington, D.C. in August and Septem- 
ber. The purpose was to obtain recommendations On 
the anticipated "Innovative Clean Coal Technology" 
solicitation which the Energy Department expects to 
issue late this year. 

The new solicitation will kick off the second nation-
wide competition for federal matching funds for 
projects that demonstrate cleaner and more efficient 
ways. of burning or using domestic coal. Last year 
the Energy Department selected nine projects in an 
initial round of competition, and in March President 
Reagan proposed to expand the program to Include 
several additional competitions over, the next five 
years. 

The new rounds of competition will focus on tech-
nologies that could be applied to existing, high sulfui 
coal-burning plants--a key recommendation of the 
1986 report of the United States and Canadian Special 
Envoys on Acid Rain which called for a Jointly 
financed, government-industry program to demonstrate 
emerging clean coal technologies.	 - 

Following the President's March 18 announcement, the 
Administration amended its pending budget request to 
Congress to include $850 million for fiscal years 1980 
and 1989 to conduct the next round of competition. 
The budget also requested that the remaining portion 
of the $2.5 billion be provided in advance appropria-
tions to give Industry confidence that the full amount 
of the President's commitment would be available in 
later years. 

If funds are provided by Congress by the beginning of 
fiscal year 1988, the next round of competition could 
begin with a government solicitation for proposals in 
November or December. 

In the Federal Register notice published oil 
July 10, 1987, The Department of Energy's (DOE's) 
Office of Fossil Energy stated that the President's in-
itiative will yield significant benefits to the United 
States, not only in terms of cleaner air and the in-
creased use of coal, our most . abundant energy. 
resource, but also by: 

- Greatly enhancing United States technological
leadership and international competitiveness 

- Benefiting both eastern and western states by 
making available more cost-effective, fuel-
flexible power systems capable of using the 
full spectrum of United States coals 

- Improving our position in international trade 
by providing advanced technology that would 
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make American coal more attractive to for-
eign markets, and by reducing the cost of 
producing energy-intensive United States goods 

- Helping to ensure that the United States en-
ter's the 21st Century with a broad array of 
sophisticated, cleaner, and more economical 
coal-based energy technologies, rather than 
being limited to the more costly, less effec-
tive, environmental control options available 
today 

- 2nlsancing the long-term energy security of 
the United States. 

The Department of Energy is interested in exploring 
alternatives that may be available with regard to how 
the ICCT (international clean coal technologies) 
solicitation is structured in general, and in terms of 
how several specific issues and concerns are resolved. 

Subjects of, particular interest that the DOE wishes to 
receive public views, comments, and recommendations 
on include: 

1. Qualification Criteria and Preliminary Evaluation 
Requirements 

The issue here is whether more stringent preliminary 
evaluation requirements and qualification criteria 
would further the goals of the ICCT solicitation by 
discouraging applications to fund projects that are not 
fully prepared to proceed. 

2. Proponal Evaluation Criteria and Program Policy 
Factors 

Evaluation criteria should be established to ensure 
that submitters provide information in their proposals 
that is adequate while minimizing unnecessary or 
redundant information. 

3. Proposal Preparation Time 

In the case of the 1986 P0 N (Program Opportunity 
Notice), offerers were afforded sixty days to submit 
their proposals. 

4. National Environmental Policy Act (NEPA) 
Strategy 

The NEPA strategy In the past included both 
programmatic and project-specific environmental im-
pact considerations, both during and subsequent to the 
selection process. 

5. Repayment of the Government's Cost-Share 

DOE is interested in obtaining public comments on 
possible approaches to repayment of the government's 
cost-share. 

Individuals who were unable to attend the public 
meetings may submit written comments, which will be 
considered in developing the ICCT solicitation.

MEMBERS NAMED TO CLEAN COAL ADVISORY 
PANEL 

United States Department of Energy Secretary 
J. Herrington has established an Innovative Control 
Technology Advisory Panel to advise the Department 
on an expanded demonstration program for clean coal 
technology. 

President Reagan directed the establishment of the 
panel, which was recommended by the United States 
and Canadian Special Envoys on Acid Rain. 

Members of the panel Include senior representatives 
of federal agencies, government representatives from 
a cross section of affected states, producers and users 
of coal, environmental groups, unions and the research 
community. Included among the members will be two 
senior representatives of the government of Canada. 
Herrington has designated Under Secretary of Energy, 
Joseph F. Salgado to serve as panel chairman. 

According to the Department of Energy, the panel's 
recommendations on the scope and funding of future 
clean coal demonstration projects are to be patterned, 
as fully as practicable, after guidelines recommended 
last year in the report of the Special Envoys. 

The innovative technologies program will build on 
Department of Energy's (DOE) existing Clean Coal 
Technology Program. Under that program, DOE is 
providing nearly $400 million in federal financing for 
nine joint government-industry demonstration projects. 
Negotiations have been completed for four projects, 
and an additional five were expected to be underway 
by the end of summer. 

In March, President Reagan pledged to seek an addi-
tional $2.5 billion over the next five years for new 
clean coal demonstration programs. As part of that 
expanded effort, DOE will seek Congressional approval 
for an $850 million solicitation for additional projects 
in late 1987. 

The panel will include: 

Joseph F. Salgado, Chairman 
Under Secretary 
Department of Energy 

Richard Balzhiser 
President 
Electric Power Research Institute 

Fred 0. Braswell, Ill 
Assistant Director and Division Chief 
Alabama Department of Economic and 

Community Affairs 

Robert K. Dawson 
Associate Director for 

Natural Resources, Energy and Science 
Office of hlanagernant and Budget 

J. William Futrell 
President 
Environmental Law institute 
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William J. Lhota 
.-:Senior Vice President 

Columbus and Souther Ohio 
Electric Company 

Peter MacDonald 
Chairman 
Navajo Tribal Council 

Nancy Maloley 
Commissioner 
Indian Environmental Protection Agency 

Joan T. Bok 
Chairman 
New England Electric System 

Bobby Brown 
President Consolidation Coal 

William Esler 
President and CEO 
Southwestern Power Service Company 

William Kelce 
Executive Director 
Alabama Coal Association 

Paul Locigno 
Director of Government Affairs 
International Brotherhood of Teamsters 

J. Curtis Mack, II 
Assistant Secretary for Ocean and Atmosphere 
Department of Commerce 

William McCollam, Jr. 
President 
Edison Electric Institute 

John McCormick 
Greenpeace, U.S.A. 

John Negroponte 
Assistant Secretary for Oceans and International 

and Scientific Affairs 
Department of State 

J. Craig Potter 
Assistant Administrator 
Environmental Protection Agency 

John II. Skinner 
Director, Office of Environmental Engineering 

and Technology 
Environmental Protection Agency 

Richard Trumka 
President 
United Mine Workers 

Mary L. Walker 
Assistant Secretary for Environment, 

Safety and Health 
Department of Energy

Robert L. Wise 
Chief Executive Officer 
Pennsylvania Electric 

William B. Marx 
President and Founder 
Council of Industrial Boiler Owners 

Mary Eileen O'Keefe 
President and CEO 
Lakeshore International, Ltd. 

Robert H. Quenon 
President and CEO 
Peabody Holding Company 

James E. Sparkman 
Chief Executive Officer 
Kaiser Aluminum 

Norman P. Wagner 
President and CEO 
Southern Indiana Gas & Electric 

J. Allen Wampler 
Assistant Secretary for Fossil Energy 
Department of Energy 

Randolph Wood 
Director, Department of Environmental Quality 
State of Wyoming 

Additional members will he proposed by the governors 
of Illinois, Michigan, New Hampshire, Pennsylvania and 
Wyoming, the Department of the Interior and by the 
government of Canada. 	 - 

#0 

DOE ANNOUNCES COAL RESEARCH GRANTS TO 
TWENTY-EIGHT UNIVERSITIES 

Researchers at twenty-eight colleges and universities 
across the United States have been selected to share 
In $5.4 million in federal funds to conduct research 
on coal related projects. 

Secretary of Energy J. Herrington announced the win-
nets after the Department of Energy's Pittsburgh 
Energy	 Technology	 Center	 had	 evaluated
305 university proposals--the second largest number of 
entries received in the eight year history of the an-
nual grant program. 

"America's technological competitiveness in the 21st 
Century will be founded largely on the commitment 
we make today to our academic institutions. The 
University Coal Research program is an example of 
such a commitment by the Energy Department, and it 
is one that continues to receive the- highest of 
priorities in our fossil fuel research program," 
Herrington said in making the announcement. 
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Research will be conducted on a wide range of basic 
coal research In the categories of coal science, coat 
surface science, reaction chemistry, advanced process 
concepts, thermodynamics, engineering fundamentals, 
environmental science and fuel cells. The projects 
will last from two to three years, and the size of the 
grants ranges from $123,000 to $2002000.

During the eight years since the department began 
providing the grants to universities, the program has 
accounted for 227 basic coal research projects total-
ing more than $38 million. 

Table 1 gives the list of 30 projects In 19 states. 

TABLE 1 

COAL RESEARCH PROPOSALS SELECTED FOR AWARDS 

Grantee Mount Project Title 

Putcha Venlcateswar $123,940 Laser Diagnostics of Mineral 
Alabama Al University Matter and Combustion Processes in 

Coal 

Peter R.	 Griffiths $199,982 Spectroscopic Study of Coal 
University of California, Riverside Structure and Reactivity 

Theodore T. Taoists $199,394 Hindered Diffusion of Coal Liquids 
University of Southern California 

Stephen J. Niksa $200,000 Pyrite Therritchnistry, Ash 
Stanford University Agglamration & Char 

Fragnntation During 
Cattus t Ion 

Eurt W. ZLlm $199,939 Two Dimensional liMit and NMR 
Yale University Relaxation Studies of Coal 

Structure 

Arthur W.	 Stetson $123,940 Artifact Particle Generation In 
Atlanta University Center,	 Inc. Electrical Aerosol Analyzers 

David P. Clark $199,977 Thiophene Metabolism by 
Southern Illinois University Eschcrichia Coll 
at Carbondale 

Arthur H. Lefebvre $139,871 A Novel Method of Atomizing 
Purdue Research Foundation Coal-Water Slurry Fuels 

Ni&olaos A.	 Pcppas $200,000 Macrololiecular Coal Structure as 
Purdue Research Foundation Revealed by Novel Diffusion Tests 

Robert C. Drown $139,305 Mechanisms of Coal-Water Mixture 
Iowa State University Combustion In Fluidized Beds 

M. Pinar Menguc $199,963 Determination of Local Radiative 
University of Kentucky Properties	 in Coal-Fired Flames 

Alcundi N.	 £.lurty $123,950 NLIR Investigation of Supported 
Grarxbllng State University Metal Catalysts for Syngas 

Conversion 

H.	 Scott Fogler $194,082 Novel Sorbents for Coal Conversion 
University of Michigan Wastewater Treatment
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Ponisseril Somsundaran $175,000 Flotation and Flocculation 
Columbia University Chemistry of Coals and Oxidized 

Coals 

Manfred J. 0. Low $199,884 Effects of Light Metal Carpounds 
Nov York University on Coal and Carbon Gasification 

Straits V. Sotirchos $200,000 Pore Structure and Reactivity 
University of Rochester Changes in Hot Gas Desulfurizat ion 

So r bent s 

David Leith $199,740 Cyclone Performance and 
University of North Carolina Optimization 

Steven S. C. Chuang $199,922 The Effect of Chemical Additives 
University of Akron on the Synthesis of Ethanol 

Nelson C. Gardner $136,008 Flue Gas Desulfurization by 
Case Western Reserve University Rotating Packed Beds 

Frederick M. Fovkes $199,990 Chemical Characterization of the 
Lehigh University Surface Sites of Coal 

John W. Larsen $199,888 Kinetics of Coal Conversion to 
Lehigh University Soluble Products 

Turgay Ertekin $199,023 Nov Strategies for In Situ 
Pennsylvania State University Characterization of Coal 

John W. Tierney $198,029 Solid Superacids as Coal 
University of Pittsburgh Liquefaction Catalysts 

Joseph M. Cab $200,000 NOx-Char Reactions-Kinetics and 
Drown University Transport Aspects 

Kyriacos Zygourakis $199,853 Pyrolysis and Gasification of Coal 
Rice University Particles at High Teaperatures 

A.	 J. Appleby $200,000 Oxygen Electrode Reaction in 
Texas Md! Research Foundation Molten Carbonate Fuel Cells 

Delbert J.	 Eatough $200,000 Thermodynamics of Molecular 
Brigham Young University interactions	 in Coal Liquids 

Franklin E. Massoth $190,551 Effectiveness Factors for 
University of Utah Hydroprocessing of Coal and Coal 

Liquids 

Adeyinka A. Adeyiga $123,940 Catalytic Gasification of Coal 
Ilanpton University Chars by Sulphate Mixtures 

Nigel N. Clark $137,332 Circulation in Gas-Slurry Colu.m 
West Virgins University Reactors

4 #4 # 
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ENERGY POLICY AND FORECASTS 

NCA FORECAST CALLS FOR LITTLE CHANGE IN 
COAL CONSUMPTION IN 1987 

United States coal production and consumption in 1987 
will be slightly higher thou in 1906, according to the 
National Coal Association's (NCA) mid-year review of 
coal markets. The production of bituminous coal and 
lignite is forecast to reach a record 897 million tons 
by year end, nine million tons more than In 1986 and 
one million tons above the historic high reached in 
1904. Consumption at year end should reach 
892 million tons, two million tons above the 1986 
level, according to the report. 

These figures are lower than the Association's Decem-
ber 1988 projections for production and consumption 
by 17 million tons and 12 million tons respectively. 
A slightly less than expected share of the electrical 
generation nar'et for coal, continued competition 
from other fuels, and lower than anticipated exports 
account for the revisions. Nevertheless, during 1987 
consumption will be ugher in all markets except ex-
ports. 

Electric Utilities 

Electric utilities are expected to use 694 million tons 
of coal in 1987, nine million tons more than in 1980 
and equal to 1905's record consumption. 

Coal's share of the generation market will be 
55.3 percent, down from 55.7 percent in 1986 
(Table 1). The change reflects 8.8 gigawatts of new 
nuclear capacity coning on line in 1987, compared to 
only 2.1 gigawatts at coal-fired plants. Nuclear 
should have its most pronounced effect on coal in the 
East, where 7.5 gigawatts of nuclear capacity is ex-
pected to come on-line this year. Overall, electricity 
generation is estimated to increase two percent in 
1987.

TABLE I

ELECTRIC UTILITIES PERCENT GENERATION BY FUEL 

Elec-
tricity 

Natural	 Rate 
Coal	 Oil	 Gas Nuclear ilydro Growth

1984 55.5 5.0 12.3 13.6 13.3 4.6 
1985 56.6 4.1 11.8 13.5 11.4 2.2 
1986 55.7 5.5 10.0 15.6 11.7 0.7 
1907 55.3 5.3 9.8 17.6 12.0 2.0

Metallurgical Coal 

Although GNP (Gross National Product) growth Is ex-
pected to be the same In 1987 as in 1986, steel 
production and thus metallurgical coal consumption Is 
expected to increase slightly over 1986. Offsetting 
the effects of the USX strike, raw steel capacity 
utilization Is expected to rise to around 65 percent. 
This will require 37 million tons of metallurgical coal, 
compared to 36 million in 1986. 

Industrial/Retail 

NCA forecasts moderate growth In the 
industrial/retail sector In 1987, with industrial output 
rising about two percent, versus one percent in 1986. 
Despite this higher rate of growth, favorable prices of 
competing fuels will hold the increase In coal con-
sumption to only one million tons In 1987. Notably, 
the Great Plains Gasification plant Is expected to 
operate at full capacity, consuming six million tons of 
coal during the year. 

Exports 

United States coal exports in 1987 are projected to 
total 77 million tons, down eight million tons from 
1986. Exports to Canada are forecast to decline two 
million tons to 12 million tons. Overseas exports are 
forecast to decline by six million tons, from 
71 million tons in 1986 to 65 million tons in 1907. 

The decline will be felt equally in both the metallur-
gical and the steam markets. This reflects extremely 
aggressive price competition, from Australia and 
Colombia, and the problem of global overcapacity, 
which will grow as new 'nines cone on lina in China. 

Coal Production 

In 1987 coal production is expected to increase one 
percent over 1986 levels, compared to a 0.2 percent 
increase In consumption. The difference between 
production and consumption will go to stockpiles. 

Producer/distributor and consumer -stocks are expected 
to Increase moderately over 1983 levels as consumers 
anticipate 1988's coal mine labor negotiations. 

Eastern production in 1987 is expected to increase to 
577 million tons, up six million tons from 1906. In 
the West, production is expected to advance to 
320 million tons, up from 317 million, reflecting nuw 
plants and growth in Texas lignite. 

Table 2 summarizes the production and consumption 
forecasts. 
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TABLE 2 

NATIONAL COAL ASSOCIATION 1987 FORECAST 
(Millions of Tons) 

Category 

flonistic Consurrption 
Electric Utilities 
Coking Coal 
General Industry 

and Retail 
Total Domestic Markets 

Exports 
Canada: Steam 

Metallurgical 
Total 

Overseas: Steam 
Metallurgical 
Total 

Total Exports

Total Consumption 

Production
East
West 
Total U.S. 

lrtports 
Total Supply

1986	 1987 
1984	 1985	 Esti - Fore-
Final Final nnted cast 

664 694 685 694 
44 41 36 37 

83 83 83 84 
791 818 804 815 

12 9 8 6 
8 7 6 6 
15 13 14 12 

12 23 23 20 
49 53 48 45 
61 76 Ti 65 
81 92 86 77 

872 910 890 892 

588 559 571 577 
308 325 317 320 
896 884 - 888 897 

1 2 2 2 
897 887 891 897
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ECONOMICS 

GASIFICATION ISLAND SYSTEMS MAY 
OUT-PERFORM 10CC SYSTEMS 

Integrated gasification combined-cycle (10CC) systems 
such as that demonstrated in the Cool Water Coal 
Gasification Program have received most of the at-
tention with respect to new generation technologies 
for electric power production. However, the United 
States Department of Energy's Morgantown Energy 
Technology Center (METC) believes that an alterna-
tive approach to coal gasification/gas turbine systems 
for electric power may hold even more promise. 

The term 'gasification island" is being used. The 
gasification island itself encompasses all of the 
processing steps required to convert coal into a clean 
fuel gas. The term "gasification island" is analogous 
to the term "power island" used to describe the power 
generation equipment in conventional coal fired steam 
plants. 

In the 1900's process candidates for new capacity ad-
ditions will be desired which are available in cost-
competitive small module sizes, are fuel flexible, have 
low capital cost and short construction time, are 
highly efficient, and are capable to meeting stringent 
environmental regulations. 

First-generation 10CC technology offers several sig-
nificant improvements over pulverized coal plants with 
flue gas desulfurization (PC/FOP), it is possible to 
'fleet very stringent environmental emission standards 
using this technology. Sequential introduction of 
power generating components is also desirable--first, 
natural gas-fired gas turbines, followed by a steam 
turbine bottoming cycle, and finally, by a coal 
gasification system. 

METC representatives at the Fourteenth Biennial Lig-
nite Sympo.sium described a gasification island system, 
with the potential for lower cost electricity gener-
ation, particularly for small plants. 

Gasification island System 

The term "gasification island" describes a simplified 
approach for converting coal into a clean fuel gas for 
subsequent combustion by a gas turbine system. This 
approach uses air-blown, pressurized gasifiers and hot 
gas cleanup processes to produce a fuel gas containing 
very low levels of particulates and sulfur. The 
specific processes utilized in gasification Island flow 
sheets are selected to optimize the total system. 
The "ideal" flowshcct would incorporate a gasifier 
whose offgas temperature would exactly matdi the 
design requirements of downstream cleanup processes. 
Likewise, operating pressures would also be matched. 

Roth fluidized-bed and fixed-bed gasifiers are can-
didates for gasification island systems. The tempera-
ture of the offgas fro,n these gasifiers is generally 
low enough to minimize or eliminate the need for gas

cooling prior to treatment in hot gas cleanup 
processes. For both options, the gasification and 
cleanup system would be sized to match the require-
ments of specific gas turbine systems in a nominal 50 
to 100 MWe size range. 

Figure 1 compares the projected performance of four 
first-generation 10CC systems (320 to 390 r.Iwe size 
range) with three gasification island systems (100 to 
224 tiWe size range). The simplified process con-
figurations used in the gasification island concept 
result in systems with efficiencies which tend to be 
higher, and total capital requirements which are 30 to 
40 percent lower, than first-generation 10CC systems. 
These trends result in a Cost of Electricity (COE) for 
gasification bland systems which is lower than that of 
other	 coal-based	 technologies,	 including	 first-
generation 10CC systems. METC says that the 
gasification island COE is also competitive with 
natural gas-fired gas turbine systems, when all sys-
tems operate at the same capacity factor. 

While the target performance estimates for ga.sifica-
tion island systems are extremely promising, the even-
tual commercialization of this concept Is contingent 
on the successful resolution of several technical 
issues: 

- Compatibility of the fuel gas with gas turbine. 
Fuel gas contaminants could lead to gas tur-
bine corrosion, erosion, or deposition. Main-
taIning stable combustion with low BTU gas is 
another concern. 

Ability to meet environmental regulations. 
The ability of the hot gas cleanup process or 
integrated gas turbine components (e.g., staged 
combustors) to meet limits on S021 NO R , and 
particulate emissions needs to be 
demonstrated. 

- System integration. The individual system 
components (i.e., gasifier, fuel cleanup, con-
taminant disposal, and gas turbine) need to be 
integrated into an overall system which is 
reliable and exhibits good load-following 
characteristics. 

The Department of Energy says that it is systemati- 
cally addressing these issues in research programs 
being conducted both under external contracts and at 
METC. This work is discussed below. 

Hot Gas Dulfurization 

Processes to remove sulfur contaminants froin the 
fuel gas at high-temperature, high-pressure conditions 
are a keystone of gasification island systems. Recent 
METC research has centered on zinc ferrite, a metal 
oxide sorbent with the chemical formula ZnFe 2 0 4 . It 
has high sulfur removal efficiencies for hydrogen sul-
fide and also for sulfur compounds such as carbonyl 
sulfide and carbon disulfide. 
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FIGURE 1

COMPARISON OF GASIFICATION ISLAND AND CONVENTIONAL IGCC SYSTEMS 
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The optimum (in terms of sulfur capture efficiency 
and sorbent integrity) operating temperature range for 
the absorption step of the zinc ferrite process is 
1,0000 to 1,200° F. The sorbent catalyzes the ex-
othermic vater gas shift reaction which results in an 
approximately 1000 F temperature Increase in the fuel 
gns. Thus, the fuel gas entering the zinc ferrite unit 
needs to be in tile 900 0 to 1,100 0 F temperature 
range. 

For a number of gasifier/coal type combinations, this 
temperature range minimizes the amount of heat ex-
change equipment required to cool tile fuel gas be-
tween the gasifier exit and the zinc ferrite process 
Inlet. 

For bituminous coal, the offgas temperature 
(1,0000 F) from a fixed-bed gasifier is ideally 
matched to the requirements of the zinc ferrite 
process. In this temperature range, the tar and oils 
pass through the zinc ferrite unit in the vapor state 
and are essentially incinerated along with the fuel gas 
In tile gas turbine combustor. 

Scale-up issues are being addressed in tests using a 
large scale (4.5-feet diameter by 16-feet height), 
packed-bed zinc ferrite reactor. This unit Is cur-
rently being demonstrated by KRW Energy Systems, 
Inc., at their Waltz Mill, Pennsylvania, site In full-
stream tests on a fluldized-bed gasifier process 
demonstration unit.

Combustion of Hot, Low-BTU Fuel Gas 

Turbine compatibility issues were addressed in a 
recent experimental program conducted at the GE 
Corporate Research and Development Center to study 
the integration of a fixed-bed gasifier, a hot cyclone 
for particulate removal, and a gas turbine simulator. 
In the tests, a nominal one ton per hour, pressurized 
fixed-bed gasifier, was operated on Illinois No. S coal. 
Particulates were removed from tile hot (1,000 0 F), 
low-BTU fuel gas exiting the gasifier in a single 
cyclone stage. 

The conclusion from these tests was that the ash and 
alkali level in fuel gas produced by a fixed-bed 
gasifier operating on eastern coal is compatible with 
existing gas turbines, following cleaning of tile fuel 
gas In cyclones. 

Gasifler In Situ Desulfurlzation 

Over the years, a number of research groups have in-
vestigated the possibility of producing a low-sulfur 
fuel gas by adding limestone or dolomite to a coal 
gasifier. Sulfur species, released during the gasifica-
tion process, react with the sorbent material and are 
removed from the gasifier with tile coal ash. 

In 1985, KRW conducted a series of tests which 
showed that In situ desulfurization is a viable concept 
for fluidized-bed gasifiers. A 91 percent sulfur cap-
ture was achieved. 
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The method selected to treat the S0 2-containing off-
gas stream produced during the regeneration of zinc 
ferrite sorbent has a significant impact on the 
economics of gasification island concept systems. 
Potentially, the zinc ferrite process could be used in 
tandem with in situ desulfurization to provide a low 
capital system capable of meeting very stringent sul-
fur emission standards. In this concept, bulk sulfur 
removal would occur in the gasifier. The zinc ferrite 
unit serves as a sulfur polishing step, and removes es-
sentially all of the remaining gas-phase sulfur in the 
fuel gas. The steam and SO 0-containing off gas from 
the zinc ferrite process is recycled to the gasifier 
where the sorbent added to the gasifier captures the 
sulfur. The SO 2 recycle concept will be evaluated in 
upcoming test runs of the KRW and METC gasifiers. 

Advanced Gas Turbine Systems 

Gas turbines still have great potential for perfor-
mance growth. There is a direct relationship between 
turbine firing temperature and efficiency. The firing 
temperature of state-of-the-art stationary gas turbines 
is in the 2,0000 to 2,3000 F range. H ETC believes 
that in the long term, successful development of high-
temperature ceramic blades and/or advanced turbine 
blade cooling techniques will allow firing temperatures 
to be 3,000 0 F or higher. 

Steam-injected gas turbine (5Th]) systems which inject 
superheated steam into the turbine combustor and be-
tween some of the downstream stages have several 
features which make them an attractive option for 
gasification island systems. Steam injection is not a 
new concept. The present application, however, uses 
more massive quantities of steam. The steam, which 
is produced in a heat recovery steam generator 
(81150), increases the amount of power produced by 
the turbine by increasing mass flow through the ex-
pansion stages. Steam injection also results in ef-
ficiency improvements because of effective recovery 
of heat from the turbine exhaust gas. 

Adding an intercooier between the low- and high-
pressure compressors results in further efficiency i,n-
provetnents and higher power outputs for a given size 
core assembly. This is called the intercooled steam-
injected gas turbine (1STIG) cycle. 

A Silo system is a near-term option requiring mini-
mal modification of existing machine designs--the 
concept is currently being tested in a cogeneration 
system fired with natural gas. The lSTlG is a longer 
terin option. 

Cost of Electricity 

Two gasification island systems, both operating with 
low-rank coal, were evaluated by METC. Both cases 
used air-blown, pressurized, fluidized-bed gasifiers to 
produce fuel gas for a gas turbine-based power gener-
ation system. 

Case 1: Fluidized-bed gasifier IST1G gas turbine sys-
tea. Case 1 (Figure 2) used one ISTIG operating at 
a pressure ratio of 35 and a firing temperature of 
2,400 0 F for power production. Steam produced in a

111150 was injected Into the gas turbine combustor at 
a rate of 15 percent of the total mass flow of air to 
the compressor. To accommodate the high-pressure 
ratio gas turbine, the gasifiers were operated at 
600 psig. 

Case 2: Fluidized-bed gasifier/combinedcycle. The 
gasification island in Case 2 (Figure 3) 

1;y2
s similar to 

Case 1 except that the gasifiers operated at a pres-
sure of 450 psia, and the ISTIG turbine was replaced 
by a combustion turbine combised-cycle (CC) system. 
The gas turbine operates at a pressure ratio of 12 
and a firing temperature of 2,300 0 F. 

The total capital requirement (TCR) for Cases one 
and two was estimated as shown in Table 1. For 
comparison, Table 1 also shows the 'FOR for a fixed-
bed gasification island case from a recent GC study 
which used Illinois No. 6 coal and an ISTIC. 

The TCR for the two fluid-bed gasification island sys-
tems shown in Table 1 are considered to be cost tar-
gets. The plant section capital costs on this table 
were estimated using costs reported in the literature 
and appropriate scaling relationships. In the 11 ETC 
study, it was assumed that the gasification island 
technology was mature and that equipment vendors 
marketed the plant as a standardized design. Thus, 
process contingencies were assumed to be zero and 
only minimal engineering costs were factored into the 
estimates. 

The cost of electricity for the three gasification is-
land cases and the first-generation 10CC systems 
shown in Table 1 was determined and reported in 
tenth year, current dollars, levelized. The economic 
assumptions used in this study are given in Table 2. 
Table 1 shows that the GOP, of the gasification island 
systems Is approximately 30 percent lower than the 
COE for first-generation 10CC systems. 

Industry appears to recognize the advantages of the 
gasification island concept as evidenced by the fact 
that three of time proposals submitted to the Depart-
ment of Energy (DOE) under the Clean Coal Technol-
ogy Program were for power generation systems 
utilizing this approach.	 DOE has selected two 
proposals for final negotiations: the "Integrated 
Gasification-Steam Injected Gas Turbine" proposal 
submitted by General Electric and the "Appalachian 
Project" submitted by the M. W. Kellogg Company. 
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FIGURE 2 
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FIGURE 3 
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TABLE 1

COMPARISON OF (1W. GASIFICATION POWER SYSTEMS 

First-Generation lOX 
Fluid- Fluid- Fixed- 8cC! 
Bed! Bed! Bed! Texaco Lurgl 
ISTIG CC ISTIG CE CE 

COAL TYPE IVY Sub WY Sub IL No. 6	 IL No.6 IL No.	 6 

Perfornnnce 
Therml Efficiency, 96 41.4 38.8 42.1 37.9 39.4 
Capacity, PUV 128 224 110 390 340 

Capital, $/kIM 
Plant Section 

Solids Handling 75 70 40 65 60 
Gasification 225 210 05 245 110 
Fuel Gas Physical Cleanup 20 20 10 -- --
Fuel Gas Chemical Cleanup 50 55 1651 100 50 
Power Cycle 250 300 230 415 275 
Oxygen Plant or Conpressor 10 10 10 180 90 
Balance of Plant 160 165 155 195 350 
Process Contingency -- -- 40 40 55 
Project Contingency 170 125 120 180 150 
Start-Up and Working Capital 40 40 55 105 110 
AFDC 45 45 20 100 70 
Total Capital Requiramnt 1,005 1,040 15 1,625 T1I 
äL Milis/k%Thr 

Capital 33 34 33 53 43 
Fuel 133 13 162 132 17 
Odi 7 7 7 11 15 
Total WE 53 54 

Includes 112504 plant for $0 7 recovery. 
Coal cost	 $1.60/Lt831U;	 0.7 percent escalation. 
Coal cost $1.20/rlMBTU;	 1.0 percent escalation.

# # It It 
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TECHNOLOGY 

STEADY STATE SOLVENT RECYCLE ACHIEVED 
WITH CHEMCOAL PROCESS 

The ChemCoal Process has been studied under funding 
from Carbon Resources Inc., the United States 
Department of Energy, the Electric Power Research 
Institute, and the University of North Dakota. Work 
carried out at the University of North Dakota Energy 
Research Center (UN F) ER C) has demonstrated full sol-
vent recycle to lined-out, steady-state operation on 
Indian Head Lignite.	 Results were discussed at the
Fourteenth Biennial Lignite Symposium. 

Process 

The Che,nCnnl Process originated in 1975 as a result 
of work performed to catalytically desulfurize coal. 
In early 1902, it was found that, under proper condi-
tions,	 a process-derived phenolic solvent in the 
presence of aqueous alkali and carbon monoxide
reacted to produce high yields of high quality 
hydrocarbon products under unexpectedly mild process-
ing conditions. 

Thus, the ClicmCoal Process (Figure 1) uses a chemi-
cal method to separate ash and sulfur compounds 
from the organic matrix of coal. This chemical 
method consists of an Ionic reaction between the 
coal, a phenolic solvent, alkali, and a reduetant such 
as carbon rnonode.	 The combination of phenolics 
and alkali provides a good physical solvatlon medium 
for the organles in the coal. 	 When heated to tem-



peratures of 3250_3400 C at pressures below

1,800 psig, the organic matrix of the coal is broken 
down by the reaction of the phenolics, alkali and 
carbon monoxide to produce lower molecular weight 
material. This material is soluble in the organic sol-
vent, while the ash and mineral matter from the coal 
remain as suspended solids. These solids are removed 
by centrifugation and/or filtration, leaving an organic 
liquid which Is low in ash and sulfur. The fine-
particulate solid ChemCoal product is precipitated, 
and low-temperature distillation is used to recover 
recycle	 solvent	 and	 the	 precipitating	 solvent
(methanol). 

Conthmous Run 123 

The global mass balances for Run 123 averaged 
06.7 percent. Figure 2 summarizes the yields ob-
tained during this run. During Run 123, 80.5 percent 
of the coal, on an MAF basis, was converted to 
product. The product distribution was as follows; 
48.3 percent of the moisture and ash free coal (FlAF) 
fed was ChemCoal solid, 30.2 percent of the MAP fed 
was methanol soluble distillate, and 2.0 percent of the 
MAE was gas product. The ChemConl solid product 
yields remained relatively constant throughout the run. 
Apparently the basic conversion mechanism remained 
constant, even as the solvent composition changed 
from the startup solvent to include more complex 
phenolics. 

Table I compares the elemental analyses of the 
ChemCoal solid with Indian Head lignite. As the 
table shows, the CheinCoal Process reduced the mois-

FIGURE 1

FIVE STEP CHEMCOAL PROCESS
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TABLE 1 

(BflflML FKThS1XX AND flu PRODUCT DATA 

Lignite Chinoal 
Form of Material -60 Mesh Solid 

Proximate, wt% AR: 
Moisture 25.3 2.0 

30.8 44.0 
PC 36.0 52.0 
Ash 7.5 0.5-1.0 

Ultimate, wt% maf: 
C 71.6 81.0 
If 4.41 6.4 
N 0.66 0.8 
0	 (duff) 22.39 11.5 
S 0.03 0.3 

Beating Value, BTU/lb 6,0008,000 14,800 
Specific Gravity 1.4 >1.0 
Na, pxiimf 1,000 22 
Ca, ppmmf 8,300 115 
Ti,	 psi1 mf 300 45

lure, ash, sulfur, oxygen, sodium, cal,ium, and 
titanium contents of the lignite. By reducing the sul-
fur and oxygen contents,	 the percent carbon, 
hydrogen, and nitrogen contents increased. 	 The
volatile matter, fixed carbon and heating values were 
also increased.	 - 

Figure 3 shows that the operational solvent balance 
prior to run pass 20 provided Little leeway for losses 
in mhdng and transfer. After pass 21, however, 
processing modifications improved the solvent balance 
to a comfortable excess. 

Throughout Run 123, the phenolic startup solvent was 
removed and replaced by a coal-derived recycle sol- 
vent characteristic of both the coal and the process. 
The startup solvent was a commercial mixture of n 
and p-cresols. As the distillate solvent was recycled 
from pass to pass, the -n- and p-cresols were diluted 
with both phenolics formed from the coal and by 
methanol from the precipitation step. 

Run 123 demonstrated that the ChemCoal Process can 
be run successfully to lineout with solvent recycle. 
Excess solvent was generated under all conditions and 
reductant coasumption as hydrogen gas and/or 
hydrogen equivalents was below 7.0 weight percent of 
the ilAF. 

FIGURE 2 

AVERAGE YIELD SUMMARY 
(UNNORMALIZED), CPU RUN 123 
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FIGURE 3 

OPERATIONAL SOLVENT BALANCE, 
CHEMCOAL RUN 123 
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IIYDROCARU PROCESS PROVIDES NEW TYPE OF 
SYNTHETIC FUEL FROM COAL 

The (IV L) riO CARS Process is a new approach to con-
vetting carbonaceous wnaterials to a clean-burning 
solid fuel. Developed at Brookhaven National 
Laboratory, the process has been described in Brook-
haven reports and at several recent symposia by 
I. Steinberg. 

The process converts a carbon-containing raw material 
to a conpietely clean carbon fuel by an energy-
efficient two-stage chemical process. The starting 
carbonaceous material can include all grades of coal 
(lignite, bituminous to anthracite), as well as low 
grade and residual oils, tars, biomass, etc. In the 
first stage the II Y I) rio CA RB process coal Is reacted 
with hydrogen gas at elevated temperature and pres-
sura and for a sufficient length of time to form high 
yields of methane. In the second stage, the gas con-
laming the methane Is thermally decomposed in a 
second vessel (methane pyrolysis reactor) to form 
clean solid carbon particulates and gaseous hydrogen 
at approximately the same pressure but at a tempera-
tare higher than the hydropyrolysis reactor. To effi-
ciently complete the process cycle, the hydrogen gas 
formed in the methane pyrolysis reactor is recycled 
to the hydropyrolysis reactor. 

A schematic flowsheet of the process is given In 
Figure 1. The non-volatile impurities such as ash 
(oxide minerals) in coal, are left behind and are

separated	 in	 the	 effluent	 stream	 from	 the 
hydropyrolysis reactor. Volatile reactive Impurities 
such as sulfur, oxygen and nitrogen react with the 
high pressure hydrogen and form water, hydrogen sul-
fide, ammonia, and nitrogen. These gaseous materials 
are eventually purged from the process system. To 
control sulfur, limestone can be added to the eqal 
feed. 

The clean carbon formed in the methane pyrolysis 
reactor is deposited as a fine, micron to sub-micron 
size particulate. The IIYI)ROCAIIB process can be 
considered as n carbon transfer process In which 
hydrogen is used as a transfer agent to transfer 
carbon from the dirty coal matrix to a clean carbon 
black particulate. 

According to Steinberg the solid carbon particulates 
can be used as a powder or briquetted for use as a 
solid fuel. The carbon can also be packaged and used 
as a solid fuel for pneumatic injection into turbine 
and diesel engines In trucks, automobiles, railroad, and 
marine vehicles. Also, for ease and convenience of 
transporting liquid fuel, the clean carbon product from 
the I1YD ROCARS process can be mixed with water to 
form a clean carbon-water 'nix at concentrations In 
the range of 50 to 70 percent weight carbon in 
water. This forms a liquid fuel called CARBOLINE. 
The CARBOLINE mixture can be pumped and 
transported like oiLA 70 percent CAR ROLIN E has a 
heating value of over 120,000 BTU per United States 
gallon which is about equal to the higher heating 
value of gasoline. 

Other carbon fuel mixes can also be produced to in-
crease Ike volumetric heating value. For exanpie, 
the clean carbon black product can be mixed and sta-
bilized with methanol at concentrations up to about 
70 percent, which would upgrade the volumetric hent-
ing value of methanol from 66,000 BTU per gallon to 
140,000 BTU per gallon. The latter is close to the 
heating value of a diesel oil. 

Advantages of the Process 

The process is mass- and energy-balanced and, thus, is 
highly efficient. The chemical reaction taking place 
in the hydropyrolysis reactor is represented by carbon 
plus hydrogen to form methane. 	 There has been
much study of this exothermic hydropyrolysis reaction. 

All the gases including excess hydrogen from the coal 
hydropyrolyzer are sent to the methane pyrolysis 
reactor. At a process pressure of approximately 
750 psig, the hydropyrolysis temperature I,; 8000 C, 
under which conditions almost all of the carbon in the 
coal feed is converted to C1 4. At these relatively 
severe temperature and hydrogen pressure conditions, 
a high yield or conversion of coal carbon to methane 
can be obtained with practically any type of carbon-
containing raw material. 

In the methane pyrolysis reactor, the principal reac-
tion taking place is the thermal decomposition of 
methane. For an efficient mass and energy conserva-
tive process, the pressure is chosen to be above that 
in the hydrogenation reactor. In the case shown in 
the flowshcet, the design temperature is 1,100 0 C. 
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FIGURE 1 

THE HYDROCARB PROCESS 
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takes into account energy for reheating the alumina 
carrier between the reactors and the energy for 
pumps and heat losses. When taking the hydrogen ef-
fluent gas Into account, the overall product process 
efficiency reaches over 90 percent. The heat balance 
Is accomplished by using alumina pebbles in -a moving 
bed reactor to absorb, store and transfer heat from 
the coal liydropyrolyzer to tue methane pyrolyzer. 

Fundamentally, the process functions as a carbon 
transfer process. The hydrogen serves as a transfer 
agent in that the carbon is lifted out of the coal 
matrix by the hydrogen, forming methane, and leaving 
most of the non-volatile impurities behind. The 
carbon in tile methane is redeposited in the second 
reactor as a pure carbon particulate. 

The clean-carboa-containing fuel is deposited in the 
methane decomposition reactor as a solid fine particu-
late in the micron to sub-micron particle size range 
(0.1 to 3 micron). This small particle size is a dis-
tinct advantage for subsequent use as a clean solid 

An important feature of th process is the recycling 
of hydrogen so that no net consumption of hydrogen 
ia required, thus differing if na other coal conversion 
processes. In fact, there is a significant net product 
of hydrogen. The hydrogen is a valuable by-product 
met gas w.ltcfl makes the process even more 
cal. 

The energy require ment for the hydropyrolysis step is 
exothernie by about 15 to 18 kilocalories per mole of 
carbon and that for the methane decomposition reac-
tion is endothermic by 18 kilocalories per mole of 
carbon. Thus the energy produced in the 
ltyropyrolysis reactor can be conserved and recycled 
for use in the methane pyrolysis reactor, so that rela-
tively little energy is needed to drive the entire 
process. The overall heat of cracking coal to carbon 
and hydrogen plus a small amount of water is practi-
cally zero. The estimated mass conversion efficiency 
of carbon in coal to carbon in the product can be 
over 90 percent and the process thermal efficiency to 
produce the clean carbon product is 74 percent. This
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fuel. The small particle size and large surfaces make 
it a highly reactive combustible fuel. The small par-
ticle size and large surfaces make It a highly reactive 
combustible material. In fact, it can be predicted 
that the clean carbon fuel will burn faster than liquid 
hydrocarbon fuel, e. g., diesel fuel, because liquid 
droplets are relatively large when injected into a 
combustion chamber or cylinder and require time and 
energy to evaporate or break up before burning. The 
clean carbon from the IIYDI2OCARD process is al-
ready in the micron size range and is ready to burn 
when injected. When taken out of a methane dccoa-
poser, the carbon is pyrophoric, igniting spontaneously 
In air. 

Conventional direct and indirect coal conversion 
processes such as F Lscher-Tropsch, catalytic conversion 
of synthesis gas to methanol, solvent refined coal 
(SRC I and II) and hydrogen donor solvent processes 
are less than 50 percent carbon conversion efficient 
and less than 60 percent procqs.s energy efficient. 
This is mainly because of the need to gasify part of 
the coal to produce hydrogen. These processes 
require at least five or more process steps such as 
air liquefaction, steam gasification, gas shifting and 
catalytic conversion. By contrast, the IIYI)E1OCARH 
process requires only two steps, Is over 90 percent 
carbon conversion efficient and over 90 percent 
process energy efficient, producing both a carbon 
black fuel and a hydrogen fuel product.

Successful operation of turbojet engines has been ob- 
tained with a 50 percent carbon black-kerosene jet 
fuel mix. Carbon slurries in diesel fuel up to 
40 percent by weight carbon have been shown to 
operate satisfactorily in medium speed diesel engines. 

Econornbcs 

A preliminary economic assessment of the process and 
the CARBOLINE fuel has been made. A large plant 
processing 27,000 tons per day of a bituminous coal 
was assumed. The plant produces 121,000 barrels per 
day of a 60 percent CARBOLINE fuel. The total in-
stalled plant cost was found to be $370 million or 
$7,100 per barrel per thy. Assuming a 15 percent 
straight line depreciation on capital investment and a 
20 percent return on investment, the resulting selling 
price is shown in Table t. A selling price of 
$15.36 per barrel is Indicated for CARBOLINE made 
from a $25 per ton coal feedstock equivalent to 
$3.05 per million BTU. 	 This includes power, labor 
and chemical costs. 	 On a fuel oil equivalent (FOE)
basis, this equates to $22.33 per barrel for fuel oil. 

Thus the !IYDROCARB process concept for production 
of a clean carbon fact 'nix (CAR HO IAN E), appears to 
be economically competitive with recent petroleum 
derived fuel costs. 

TABLE I

ECONOMICS OF UYD)CARB PROCESS TO MAKE CAREOL INE FUEL 

Carbon 
Con - 

Coal Plant version Selling Price of Carboline 
Cost Invest. Effi- FOE $1 

$/Ton $/BPD ciency 96 $/Bbl $Mu3TU Bbl 

25 8300 93% 16.31 4.07 23.60 
25 7100 08% 15.36 3.85 22.33 
15 7100 0596 12.80 3.22 18.68 
25 8300 93% 14.70 3.67 21.30 
25 7100 08% 13.80 3.45 20.00 
15 7100 05% 11.28 2.82 16.36

1 It It It 
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TIGHTLY BOUND WATER IN COAL MAY HAVE 
LARGE EFFECT ON COAL RESEARCH 

Coal conversion researchers appear to be facing the 
prospect that much data obtained to date may bd 
misleading simply because the coal was not as dry as 
had been presumed. Apparently low rank coals can 
still retain some tightly bound water even after 
drying in a vacuum oven at itO° C. 

A paper by E. Hippo at al. at the American Chemical 
Society (ACS) meeting held in Denver in April sum-
marizes some of the facts and their Impact on data 
interpretation. The paper makes use of a coal 
characterization program at the Baytown, Texas labs 
of Exxon Research and Engineering Company which 
employed a sample library of 66 samples ranging from 
lignites to low volatile bituminous coals. 	 Apparent
densities of the samples measured in polar organic 
liquids (methanol,	 isopropanol,	 and methyl ethyl
ketone) had been found to be much higher than den-
sities determined In helium. These differences ap-
peared to be related to coal rank and the polarity of 
the solvents. However, densities determined in water 
(more polar than the organic solvents) were, within 
experimental error, equal to density determinations in 
helium. 

Other workers had reported that the differences be-
tween densities determined in methanol and helium 
were proportional to the heat of 'vetting of methanol 
on coal and to the surface area of the coal. Since a 
significant fraction of the surface area of low rank 
coals may be covered with carboxyl groups, this ap-
parent heat of 'vetting might reflect interactions of 
methanol and carboxyl groups. Other known facts 
Were that dried coals deearboxylate under mild 
pyrolysis (175 0 C) to yield CO 2 and 11 20 and that 
small amounts of water can be incorporated into large 
excesses of methanol without apparent volume change. 

These observations led Hippo et al. to formulate the 
following hypotheses: 

- Water is bound tightly by low rank coals and 
is not removed by drying overnight in a 
vacuum 

- The bound water is extracted by methanol 
refluxing 

- The bound water affects density measurements 

New Results 

To study the amount of tightly held water In dried 
coals, a ten-sample subset of the Exxon Coal Library 
was chosen on the basis of carboxyl group content. 
They ,ere dried overnight in a vacuum oven at 
110 0 C. After cooling, each sample was refhjxed with 
methanol for one hour. The water content in the 
methanol extract was then determined and checked 
against weight loss of the coal during reflux. 

In general, they found that one mole of water can be 
removed by methanol refluing of the "dried", raw

coal for each molar equivalent of carboxyl groups as 
determined by barium exchange of acid washed coal 
(Figure 1). For "dried", acid washed coals, ap-
proximately one half as many water molecules are 
held after drying as there are carboxyl groups. Ap-
proximately 0.2 mltliequivalents of water per gram of 
coal is retained by the coals which contain very little 
or no carboxyl groups. 

The results indicate that water is held by low rank 
coals even after drying overnight In a vacuum oven. 
Reflu,dng in excess methanol removes this water. 
Also, when some carboxyl groups are in a salt form, 
more water is held than when all the groups are in 
an acid form. Assuming that other typical coals con-
tain carboxyl groups with similar proportions of cat-
ions exchanged to them, the amount of water held by 
raw coals can be approximated by the number of car-
boxyl groups present In the (acid washed) coal. 

Densities of the water-containing methanol solutions 
were determined by pycnometry. The densities of 
these solutions were proportional to the amount of 
bound water extracted; apparently no measurable 
volume change occurred when the water was incor-
porated into a large excess of methanol. 

FIGURE 1

RELATIONSHIP BETWEEN ABSORBED
WATER AND CARBOXYL GROUPS 
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Water bound to the oven dried coal would be ex-
tracted into the large volume of any polar liquid 
during density determinations; therefore, apparent den-
sities measured In these polar liquids would be 
spuriously high. 

Figure 2 demonstrates the effects of tightly bound 
water on the density of coals measured In methanol 
and in helium. Correcting apparent densities for the 
tightly held water does not bring the corrected den-
sities all the way to the parity line, but differences 
between the corrected densities determined in the two 
media are much smaller. 

Implications for Coal Research 

In addition to the effects of tightly held water on 
apparent densities, the tightly held water may affect 
many other physical properties of the coal surface. 
Also, hydrophobic solvents are repelled by the 
presence of water on the surface of the pores. This 
would affect the solvution capability of the solvent. 

Hippo p oints out that tightly held water is not 
measured In standard procedures that call for mois-
ture determination by drying at 1100 C for one hour. 
Therefore, any procedure that calls for correction of 
results based on determined moisture content does not 
adjust data properly. ASTM tests, such as the BTU 
content, volatile matter yields and elemental analyses 
are corrected for ASTM water only and are not cor-
rected for the tightly held -water which is present in 
the starting coal. 

Correcting chemical analyses for tightly held water 
res,,lts in a change of as much as 0.5 percent in 
hydrogen content. The hydrogen to carbon ratio 
changes by as much as 0.075, and the oxygen to 
carbon ratio changes by as much as 0.03. The net 
result is that the relative positions of compositions of 
coals on a van lirevelen diagram change. These 
changes in relative position affect the concepts of 
coal metamorphism and average molecular structures. 

The presence of tightly held water may affect chemi-
cal activity of the coal in three ways. First, 6vater 
will react with certain reagents that react with coal 
structure.	 For example, water will hydrolyze Grig-



nard reagents that would otherwise attack esters and 
ketones in the coals forming alcohols. It will also 
react with trifluorucetic anhydride to form acetic 
acid during titratlons for OH groups in the coals. 
Second, water will affect diffusion properties. For 
example, water bound to pore walls will restrict pore 
apertures and thus increase diffusional resistance of 
certain chemical reactions. Third, by being closely 
associated with the carboxyl groups, the water may 
effectively block reactions such as esterification. 

In conclusion, Hippo et al. state that material and 
heat balances of conversion processes should account 
for tightly held water. For example, some water 
present in liquefaction products will be formed from 
bound water; therefore, heats of liquefaction should 
be adjusted accordingly. Also, the bound water may 
influence total yields and yield pattern in liquefaction, 
pyrolysis, and hydropyrolysis. Other processes such as

grinding, dispersion of catalysts, cleaning, and coking 
may be affected by the presence of the tightly held 
water. 

The bound water is proportional to the carboxyl group 
content of the coal. Because lower rank coals con-
tain more carboxyl groups than higher rank coals, the 
effects of bound water are more profound in lower 
rank coals. The presence of water on coals assumed 
to be dry could have far reaching significance in 
areas of coal science such as solvent coal swelling, 
elemental analysis, coal classification, chemical ac-
tivity, processing yields, and heat balances. 

FIGURE 2 

BOUND WATER EFFECT ON DENSITY 
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MICROBIAL SOLUBILIZATION OF COAL DRAWS IN-
TEREST 

Prospects for biological processes to solubilize coal 
were explored at the Ninth Symposium on Biotechnol-
ogy for Fuels and Chemicals held In Boulder, Colorado 
last May and at the Biological Treatment of Coals 
Workshop, held in Washington, D. C. in July. A num-
ber of different organizations are conducting work 
along this line. As pointed out at these meetings, 
biotechnology is fast revolutionizing fields as diverse 
as pharmaceuticals, farming, and mining. 	 Microbes
have been harnessed to produce insulin and human 
growth hormone.	 Plant germ plasma have been 
genetically altered in order to Increase yields and 
pest resistance.	 And bacteria have been used to 
process uranium, gold, and other ores. 

Bioprocessing of coal is developing along several 
fronts, each of potential significance. In one area, 
researchers have found a fungus that apparently can 
partially liquefy certain kinds of coal. Another pos-
sibility is organisms that will biologically convert coal 
Into methane. In relation to the concerns of air pol-
lution and acid rain, scientists are working on geneti-
cally engincered bacteria that remove sulfur and ash-
forming metal impurities from coal. 

All this work is in its infancy, but some progress is 
being made. 

The EPIII Journal traces the current era of interest 
to 1981 when II. Cohen and P. Cabriele working for 
the makers of Cuprinol wood preservative, were study-
ing the fungi that cause wood rot. While surveying 
the literature on wood degradation, Gabriele recog-
nized that the molecular structure of ligain was 
similar to the structural models then being proposed 
for coal. This realization led him to wonder whether 
the fungi that break down wood could do the same to 
coal. 

They round a fungus Polyporous versicolor, which grew 
well on a lignite sample and broke it down into a 
black, gooey liquid within a week. 

Grants were then received from the Department of 
Energy and the Electric Power Research Institute 
(E P RI) for further work. 

Attempts to liquefy different kinds of coal, however, 
got very mixed results. The fungi that easily 
degraded the lignite barely grew on some of the other 
coals. 

The researchers then found that the original sample 
was not conventional lignite but a highly oxidized 
form called Ieonnrdlte. Tests conducted since then 
have shown that, In general, coals whose chemical 
structures are more highly oxidized (either naturally 
or through chemical pretreatment) are more readily 
liquefied by the fungus. 

Work at 3attelle during 1996 resulted in the isolation 
of an enzyme that appears to be one of the key 
agents in the liquefaction process. Researchers now

grow the fungus continuously in a nutrient enriched 
bioreactor. They extract liquid from the culture, fil-
ter It to concentrate the enzyme, and then apply the 
enzyme directly to coal, liquefying it in less than an 
hour. 

The resulting product is a dark, water soluble liquid. 
Yields are still unknown. 

A great advantage of the biologic approach is that 
the dissolution takes place at ambient conditions 
rather than under high temperatures and pressures. 

Oak Ridge National Laboratory 

One paper presented at the Boulder conference was 
"Biological Solubilization of Coal Using Both In Vivo 
and In Vitro Processes" by C. Scott and S. Lewis. 
They note that several researchers have shown that 
low rank coals can be solubilized by many different 
fungi and a few bacteria. Thus far, this soiubilization 
process has been carried out in an aqueous, aerobic 
environment to yield a product that is water soluble 
and of relatively high molecular weight. 

Anaerobic biological processes are also being con-- 
sidered. For such concepts, either anaerobic microor-
ganisms or appropriate enzyme systems are being 
studied with operation In an environment in which 
free oxygen is absent. The products resulting from 
anaerobic interactions should have properties that are 
significantly different from those of the products of 
aerobic solubilizatlon. 

Two primary processes must be carried out to solubil 
inc or liquefy coal: 

- Some of the chemical bonding that creates a 
stable, three dimensional, solid matrix must be 
broken 

- Hydrogen and/or oxygen must be transferred 
between the coal and the reaction medium or 
between portions of the coal itself 

Thus, blocatalysts that can enhance the degradation of 
various chemical linkages in coal or that can aid in 
the addition or removal of hydrogen and oxygen 
should materially affect the conversion of coal to a 
liquid product. 

The work to date on aerobic microbial solubilization 
of coal has resulted in aqueous products of high 
molecular weight, thus, Indicating that only limited 
cleavage of chemical linkages has occurred. 

The Oak Ridge researchers began with the point that 
additional chemical bonding must be broken in order 
to obtain a lower molecular weight product. Such a 
process may be enhanced by the use of appropriate 
bond breaking enzymes such as esterases or ether!, 
especially where hydrogen addition is possible. In 
general, the production of nonpolar compounds (the 
type produced by conventional thor mal/che mical 
processes), will require an increase in the hydrogen 
content of the product with a concomitant reduction 
in oxygen content. liiocatalysts such as hydrogenase, 
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dehydrogenase, and oxygen transferring enzymes should 
be important here. An anaerobic environment that 
includes a hydrogen donor for the supply of trans-
ferable 11 2 may be necessary for this type of conver-
sion process. 

They also observe that it may be desirable to utilize 
a less polar, organic solvent instead of water as the 
coal solubitization medium since this would also allow 
easy removal of the nonpolar product. 

The Oak Ridge work covered a variety of lignite 
coals (with primary emphasis on a North Dakota 
leonardite), one subbitumlno,js coal, and one 
bituminous coal. In some cases, the higher rank coals 
were subjected to pretreatment with nitric acid at 
ambient temperature in order to further oxidize the 
coal for easier biological interactions in aerobic sys-
tern s. 

The preliminary in vitro solubilizatioa tests were 
made with various oxidases, hydrogenase, and 
dehydrogenaàe. 

Several different organic solvents were used in con-
junction with dissolved enzymes for the study of coal 
solubllization. In all cases, small quantities of water 
were dissolved in the solvents, an apparent necessity 
to maintain enzyme activity in an organic medium. 
The solvents Included: pyridine, tetralin, and dioxane. 

erobic tests were made with horseradish peroddase 
dissolved in hydrous dinxane. Untreated coal was 
minimally soluble in the hydrous organic solvent, but 
the presence of the peroxidase doubled the degree of 
solubilization (Table 1). Preo,ddation of the coal with 
nitric acid led to a significant increase in the degree 
of solubilization by the solvent, particularly when 
aqueous buffer was added. The addition of pero,ddase 
to this system again increased the degree of 
soltibilization by almost a factor of two, for a total 
value of 85.4 percent. This is significantly greater 
than the ease when the enzyme was used in aqueous 
solution.

Preliminary tests were also made under anaerobic 
conditions in which hydrogen gas was maintained in 
the headspace. Dioxane was used as the organic sol-
vent and an aqueous phosphate buffer at pif 5.6 was 
used In conjunction with the solvent. 

A	 mixture of peroxidasc,	 hydrogenase,	 and 
dehydrogenase was employed. The solubilization of 
leonardite was significantly enhanced by the Inclusion 
of the enzymes, and the degree of solubilization ap-
proached that previously found with microbial systems 
after many days of exposure (Table 2). In tests with 
bituminous coal and either hydrous dioxane or hydrous 
pyridine, there was a small positive effect on 
solublllzation with the addition of a mixture of the 
enzymes; however, the degree of sol'ibilizatlon was 
relatively low. 

Idaho National Engineering Laboratory 

Workcarried out at the Idaho National Engineering 
Laboratory (IN EL) was reported to the Biological 
Treatment of Coals Workshop by D. Quigley, J. Wcy, 
C. Breckenridge and ii. Hatcher In a paper titled 
"Comparison of Alkali and Microbial Sohibilizatlo'l of 
Oxidized, Low-Rank Coal". 

Because earlier work investigating biological 
soluhilization of coal determined that the amount of 
coal solubilized by microorganisms was dependent on 
coal rank and degree of oxidation, they observed that 
many oxidative pretrentments have been tried in at-
tempts to improve the efficiency of microbial coal 
solubilization.	 The most common method used is 
treatment in 8N nitric acid for 48 hours at room 
temperature. Work in the IN EL laboratory has In-
volved studying the effects of nitric acid treatment 
on Texas lignite and how this pretreatment enhances 
microbial coal solubilization. 

Treatment of Texas lignite (TXL-353) with 8N 
(35 percent) nitric acid for one hour resulted in a 35 
to 40 percent loss of material. 	 AnFTIR spectrum 

TABLE 1 

AEROBIC SOWBILIZATIG4 OF COAL IN AIR 
BY PPINJXIDAZE IN ORGANIC SOLVENTS

Weight Loss 
Liquid Phase Type of Coal Enzymes of Coal	 (95) 

Dioxane + Buffer Subbituminous None 1.0 
Dioxane + Buffer Subbituminous Peroxidase 3.8 
Dioxane Preoxidized None 8.1 

Subbi turninous 
Dioxane + Buffer Preoxidized None 44.7 

Subbi Luminous 
Dioxane + Buffer Preoxidized Peroxidase 85.4 

Subbi tuininous
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TABLE 2

ANAEROBIC SOWBILIZATLa4 OF WAL By flYMES IN ORGANIC SOLVflITS 

Weight Loss 
Liquid Phase	 Type of Coal	 Enzymes	 of Coal (96) 

Dioxane + Buffer Leonardite None 19.6 
Dioxane + Buffer Leonardite Mixed 86.4 
Dioxane + Buffer	 . Bituminous None 1.2 
Oloxane + Buffer Bituminous Mixed 3.7 
Pyridine + Buffer Bituminous None 3.0 
Pyridine + Buffer Bituminous Mixed 6.7 
Pyridine + Tetralin Bituminous None 4.6 
+ Buffer 

Pyridine + Tetralin Bituminous Dehydrogenase 6.0 
+ Buffer 

indicated that a significant amount of oxidation took 
place and that this treatment also resulted In coal 
nitration. 

Solubilization	 of	 TXL-353 was	 tested	 using the 
microorganisms	 listed	 in	 Table 3. Within	 several 
days,	 culture • fluids	 became black. Solubilized coal 
was	 acid	 precipitated	 from culture fluids	 and the 
FTIR	 spectrum	 was	 similar to	 those obtained from 
other culture fluids.

Texas lignite, oxidatively pretreated with 3.2N 
(14 percent) nitric acid for eight hours (TXL-145), was 
added to growing cultures and incubated. At one to 
two day intervals one milliliter aliquots were removed 
and UV-Vis spectra and p1l of culture fluids measured. 
The p-i increased with time for all cultures except 
S. viridosporus. A comparison of pil increase and 
amounts of coal being solubilized with time for 
S. setonii indicated a possible relationship between 
coal solubilization and plI. Sinilar results were ob-
served for all cultures except S. viridosporus. In all 
cases, the amount of TXL-143 solubilized was less 
than 0.5 percent.

TABLE •3 

SPECIES TESTW FOR ABILITY
TO SOLUBILIZE cOAL 

Microorganism 

Candida sp. ACL-13 
CunminghonElla sp. YML2I 
Pencillium sp. RWL-5 
Streotcowees flavovirens #28 
S treptcwces setonii #75 
Streptotr'ces virdosporus #T7A

To test the effect of pil on coal solubilization, 
samples of TXL-35S were repeatedly extracted with 
aiquots of buffers ranging In pil between 6.0 and 
12.3. A comparison of final extraction buffer ph and 
cumulative weight of material solubilized versus ex-
traction number for p II eight extractions indicated 
that acidic groups In the coal were being neutralized 
by atkali resulting in the coal becoming soluble. Ec- 
traction of TXL-353 with alkaline buffers resulted in. 
50 percent becoming soluble, 15 percent remaining as 
residue and 35 percent being volatile at room tem-
perature. 

A summery of IN EL laboratory results is given in 
Table 4. Solubilization of TXL-35S was accomplished 
by the six microorganisms without any detectable 
changes in FTIR spectra. UV-Vis spectral changes of 
solubilized TXL-14S were present In culture fluids of 
S.viridosporus and S. flavovirens while cultures of 
RWL-5 did not appear to solubilize coal. In all cases 
but S. viridosporus, solubilizution of TXL-143 occurred 
with a simultaneous increase in culture fluid pH. 
Lastly, UV-Vis spectra of solubilized coal were altered 
by cultures of S. flavovirens and R cv L-5 while F1'IR 
spectra were changed only in cultures of RWL-5. 
Taken together, these data suggest that microbial coal 
solubilization of nitric acid oxidized coal involves the 
production of materials which increase p H . Sub-
sequent reactions with solubilized coal may then occur 
in cultures of RWL-5, S. flavovirens and, possibly, S. 
viridosporus. 

Economics 

As is obvious from the above results the very 
inechnaism of coal solubilizntio'i by microbes is still 
unknown. 
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TABLE 4 

SIZtMRY OF MICROBIAL IwFERAcrlaIs WITH OXIDIZED TEXAS LIGNITE 

Changed Changed 
UV-Vls FTIR 

Spectra of Spectra of 
Changed FTIR Changed UV-Vis Dilute Dilute 

Spectra Spectra during Solu- Solu-
Increased Solubilized During TXL35S TXL-148 bilized bilized 

Strain Medium pH TXL-35S Solubilization Solubilization Coal Coal 

ACL-13, 
flIL- 21 

S.	 setonil yes yes no no no no 
S.	 viridosporus	 no yes no yes no no 
S.	 flavovirens yes yes no yes yes no 
RWL-5 yes yes no yes yes

a. As conpured to spectra obtained from other strains. 
b. As compared to controls. 

Whether or not biological coal processing will be 
economically viable therefore remains to be seen. 
EPIII points out that most of the money being in-
vested in biotechnology is aimed at high value, low 
volume products in the fields of medicine, agriculture, 
and specialty chemicals.

Much more data on mass and energy balances are 
needed, and a far better understanding must be 
demonstrated of what the yields and conversions 
really are. But EPR1 at least has a commitment to 
support the development of a biologic processing 
capability.

41 #41 

4-32	 SYNTHETIC FUELS REPORT, SEPTEMBER 1987 



INTERNATIONAL 

UHDE SEES FUTURE FOR COAL GASIFICATION 
TECHNOLOGY 

Uhde GmblI of the Federal Republic of Germany has 
been involved in major coal conversion projects. In 
its Annual Report the company notes that at present, 
there are two second generation processes available 
for commercial application: 

The Texaco process for the gasification of 
hard coals 

The Rheinbraun High-Temperature Winkler 
(IITW) process for the gasification of other 
reactive carbonaceous substances, such as lig-
nite, peat and wood. 

Uhde played a central role in the development of 
both processes for commercial application. 

The Texaco Process 

The Texaco coal gasification process operates on the 
entrained-bed principle with short retention times. 
The Texaco process had its origin in research work 
carried out by the Texaco Development Corporation 
as long ago as the 1940s, the decisive further 
development work being undertaken at a later stage 
by Ruhrkohle AG and Ruhrchemie AG, who con-
structed a demonstration plant based on the process, 
which was operated successfully between 1978 and the 
end of 1985. Uhde participated in the plant design 
work and test runs. It was the results obtained from 
this demonstration plant that provided the essential 
basis for the later construction of a range of 
industrial-scale plants using the Texaco process. 

The most modern of these plants is the Ruhr Syn-
thesis Gas Plant, designed and constructed by Uhde as 
general contractor for Ruhrkohle and fluhrchemie and 
successfully commissioned after a short start-up 
period in August 1906. The plant, with a throughput 
of 30 tons of coal per hour and producing synthesis 
gas and hydrogen, is also equipped with a waste heat 
recovery system for steam generation. 

The IITW Process 

The HTVJ process represents a further development of 
the well-known Winkler gasification method. Reactive 
carbonaceous materials, e.g. lignite, subbituminotis 
coals, peat and biomass are gasified in a fluidized bed 
using oxygen or air, keeping the reaction temperature 
below the ash melting point, the feedstock being con-
veyed to the gasifier in the solid state via a lock 
hopper system. The advantages of the FITlY process 
as against the traditional Winkler process (viz, more 
effective utilization of the feedstock, considerably 
improved specific gasifier efficiency, avoidance of by-
product formation etc.) are largely the result of the 
increased gasification pressure, higher temperatures 
and a dust recycling system giving a more favorable 
carbon conversion rate.

The development of this process has been largely 
pioneered by Rheinische llraunkohlenwerke AG 
(Rheinbraun), who worked in close cooperation with 
Uhde to adapt the HTW process using lignite for in-
dustrial applications. In its capacity as general con- - 
tractor, Uhde was responsible not only for the build-
leg of a pilot plant (brought on stream in 1078), but 
also for the design, construction and commissioning of 
an industrial-scale demonstration plant with an hourly 
throughput of 30.5 tons of dry lignite at Berrenrath 
for the production of methanol synthesis gas. This 
plant was completed at the end of 1985 and has since 
demonstrated its efficiency to be fully in line with 
expectations. 

Uhde is at present engineering a further plant based 
on the I{TW process for Remira Oy in Finland, which 
uses local peat reserves (throughput: 27 tons per hour) 
as the feedstock for an ammonia synthesis process. 
Ubde says that on account of its great versatility of 
application, the HTW process has attracted intense in-
terest worldwide. 

Combined-cycle Power Plants 

In the course of its hundred years' existence, the con-
ventional thermal power plant, consisting of steam 
boiler and turbine with an electric power generator, 
has attained a high level of technological develop-
ment. However, for reasons of both therrnodyna,nics 
and materials technology, it is not possible to further 
improve the efficiency of this type of power plant at 
realistic levels of investment. The removal of harm-
ful substances from the flue gas alone requires expen-
sive additional equipment. 

ljhde feels that a far none feasible solution is 
provided by the combined-cycle power plant, a com-
bination of a gas-turbine-driven power plant with an 
integral coal gasification plant. 

Whereas the efficiency rating of a conventional 
lignite-fired power plant including flue gas desul-
furization and DENOX systems is somewhere in the 
region of 34 percent, the combined-cycle principle 
makes it possible to achieve a much higher level of 
efficiency. At the present stage of development, ap-
proximately 41 percent efficiency is attainable with a 
turbine inlet temperature of 1,100° C, increasing to 
46 percent with inlet temperatures of 1,220 0 0. 

Application of the combined-cycle principle also 
means drastically reduced levels of emission compared 
to conventional lignite-fired power plants. 

As well as the above advantages to be gained from a 
combined-cycle power plant Uhde states that the in-
vestment costs involved are, in fact, lower than for 
a comparable conventional-type lignite power plant. 
Reduced investment costs, combined with the sig-
nificantly reduced fuel requirement, result in power 
generating costs of around 15 percent lower than in a 
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first generation lignite fired power plant with Integral 
flue gas treatment system. 

Both the Texaco and the UTW processes utilize the 
most up-to-date gasification technology for use in 
combined cycle installations. 

Use of Problem Coals 

With a combined-cycle power plant, it Is possible to 
use types of conl for power generation which, on ac-
count of their high sulfur and salt content, cause con-
siderable problems (e.g. corrosion in an oxidizing 
atmosphere) when fired in plants of the conventional 
type. Uhde Is currently engaged in engineering work 
for just such a scheme in the state of South 
Australia, where local reserves of saliniferous lignite 
are to be exploited as a primary source of electric 
power. Following detailed preliminary tests and 
gasification trials, the State Government law opted 
for the !ITS'J process for the gasification stage of a 
planned (2 X 300 51 N) power plant. 

Low-pollution Plant Concepts 

J ust as with power plant technology, environmental 
pollution control is now an increasingly important fac-
tor in the field of chemical plant engineering. A 
typical example of forward thinking plant design is an 
industrial complex in Sweden, for which Uhde has 
carried out comprehensive design work for a plant to 
derive synthesis products and fuel gas from hard coal 
using the Texaco process.

Improved Energy Efficiency 

With the application of the new coal gasification 
processes, it is possible for coal-bused chemical 
plants to achieve very high levels of efficiency which 
can be further bettered in a number of ways. This is 
illustrated In Table 1 taking the example of a 
methanol production plant based on hard coal and 
using the Texaco process. 

The efficiency of the plant can, for example, be 
raised by introducing the coproduction of fuel gas. 
However, far higher efficiency levels can be achieved 
through the economical utilization of waste process 
heat. A case in point is the district heating systems 
for hot water production already much in use in 
Scandinavian countries. Even harnessing the lowest 
recoverable quantity of heat, which would otherwise 
be dissipated via the cooling water or into the atmos-
phere, leads to a significant increase in plant ef-
ficiency, which may be further Improved upon by 
maximization of hot water production. 

Clean Products From Coal 

Products derived from coal, such as hydrogen or 
methanol, can be used to good advantage in the 
energy sector. The advantages of methanol as a fuel 
for motor vehicles have been conclusively 
demonstrated, from both the environmental point of 
view and that of mechanical efficiency, by coc-
prehensive industrial scale tests. 

TABLE I 

EFFICIENCY IMPROVEMENTS IN A GASIFICATION-BASED 
Glk2&ICAL/PjqEli WIIPLEX 

Thermal 
Efficiency* Product Capacity Remarks 

4756 Methanol 2,500 t/d Self-sufficient plant 
53.596 Methanol 2,500 t/d Self-sufficient plant 

Fuel Gas 330 111* 
66% Alethanol 2,500 t/d Self-sufficient plant; 

Fuel Gas 330 1W Hot water = mm. 
Hot Water 210 Iti 

74.5% Methanol 2,500 t/d Self-sufficient plant; 
Fuel Gas 330 SW Hot water = 
But Water 430 IflY 

83% Methanol 2,500 t/d Import of electric 
Fuel Gas 330 1W power; 
Hot Water 415 i1tV hot water = nnx. 

* NCV basis
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Of particular interest as an alternative to conven-
tional motor fuel is the conversion of methanol to 
gasoline and diesel oil. This Is effected using the 
Mobil process, where methanol is converted directly 
to high grade gasoline (MTG) or to olefins (MTO). 
The latter are converted to gasoline and diesel oil in 
the downstream process steps. A pilot plant to test 
the MTG and MTO processes has been constructed and 
operated successfully by tihde In cooperation with 
URBIC Wesseling and Mobil Oil. Uhde thus commands 
the full repertoire of processes for the production of 
fuel from coal.	 The company believes that this 
leaves it well positioned for future developments. 

411*4* 

VEBA OBI. MAINTAINS HYDROGENATION ACTIVITY 

In its Annual Report, Veba Oel Gmbll notes that the 
conversion by hydrogenation of residues from conven-
tional up to the heaviest grades of crude remains a 
main target of Veba Oel's research and activities. 
High priority is also given to coal hydrogenation at 
the Bottrop coal-oil plant to make synthetic crude 
and to the upgrading by hydrogenation of waste 
products. In addition, Veba Oel is doing further work 
on production processes for heavy crudes. 

Optimization of the VCC Process 

Further development work has been done on the Veba 
Combi-Cracking Process (VCC) at pilot plant and 
bench-scale level. Environmentally safe processing of 
residual oils, which are difficult to utilize, further 
improved the yield of marketable liquid products and, 
hence, the economics of the process. 

Coal Liquefaction 

Ruhrkohle AG (60 percent) and Veba Oel (41) percent) 
are jointly operating the 200 ton per day coal 
hydrogenation demonstration plant in Bottrop, Ger-
many, the only one of its clad operating in the norid. 
In 1986 it gave farther impressive proof of its 
capabilities. A new concept for the integrated 
upgrading of primary, unrefined syncrude was success-
fully tested on on industrial scale. The yield of liq-
uid products, a yardstick for judging the economics of 
coal liquefaction, showed a marked increase. 

Vaba Gel and fluhrkohle AC. intend jointly to convert 
the plant to the processing of heavy oil during 1987. 
This mode of operation would permit the plant to 
largely cover its costs and ensure that the know-how 
of hydrogenation technology can be maintained and 
further developed.

BRITISH GAS FUNDS COAL HYDROGENATION 
STUDY 

British Gas plc awarded a contract to Humphreys & 
Glasgow Ltd. for a design study evaluating commer-
cial feasibility of a substitute natural gas process 
based on British Gas's direct coal hydrogenation tech-
nology. 

This study is said to be a major milestone In the 
British Gas coal hydrogenation research program and 
is due for completion early in 1988. British Gas then 
should be in a position to assess the real value of the 
coal hydrogenation route in comparison with other op-
tions for coal gasification. 

The prime objectives of the study are to: 

- Engineer a technically viable, commercial-
scale plant for SNG manufacture 

- Estimate capital cost 

- Investigate and optimize plant performance by 
variation of Internal process arrangements 

Humphreys & Glasgow already is working on another 
British Gas contract for a pilot plant at the Westfield 
Development Centre. Both projects form part of the 
British Gas research, development and demonstration 
program for the production of SNG from coal. 

British Gas last year signed a joint research agree-
ment with Osaka Gas Company of Japan for work on 
the new process. 

The process under evaluation produces methane by 
rapidly gasifying powdered coal in hydrogen at high 
temperatures and pressures. It was developed by the 
British Gas Midlands Research Station near 
Birmingham, England. 

The first phase of a $14.7 million, three year program 
was to develop a pilot plant capable of operating at 
1,000 psi and processing 220 pounds per :iour of coal 
feedstock.

# #4* 
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ENVIRONMENT 

RADIAN WINS CONTRACT FOR ENVIRONMENTAL 
MONITORING AT COOL WATER 

Radian Corporation, a technical services firm head-
quartered in Austin, Texas, recently was awarded a 
contract in excess of one million dollars by the Cool 
Water Coal Gasification Program (CWCGP) located in 
Daggett, California. This program is the electric 
utility industry's first integrated gasification/combined 
cycle (10CC) power plant. Radian engineers and 
scientists will perform environmental monitoring 
during operations at the CWCGP plant. These results 
will be incorporated into annual reports to Congress 
concerning the projected environmental effects of syn-
thetic fuel plants. Radian Corporation is a subsidiary 
of the Hartford Steam Boiler Inspection and Insurance 
Company.

#80 

MOUNTAIN FUEL SUPPLY ENCOUNTERS PROBLEM 
WITH OLD GASIFICATION SITE 

A lawsuit, Michael S. Costello, et al. v. Mountain 
Fuel Supply ComQ y, et al. was filed in the State 
of Utah's Third Judicial District Court for Salt Lake 
County, on April 17, 1987, against Mountain Fuel 
Supply Company. The ease involves allegations that 
plaintiffs, who were hired in 1983 to conduct demoli-
tion and excavation work at Mountain Fuel's opera-
tions center property in Salt Lake City, were exposed 
to hazardous buried residues from an old coal 
gasification plant that operated on the site before 
1929. Plaintiffs claim that as a result of the ex-
posure they became ill and suffered permanent per-
sonal injury as well as property damage. The com-
plaint alleges several tort and contract claims against 
the defendants, and seeks actual damages together 
with punitive damages of $25 million. Mountain Fuel 
believes that it has valid defenses to the claims. A 
similar case filed in 1986 in the United States Dis-
trict Court for the District of Utah by the same 
plaintiffs against Mountain Fuel alleging RICO and 
CERCLA violations has been dismissed by that court. 

Mountain Fuel states that it has been involved in a 
study of the nature and extent of environmental con -
lamination resulting from the old coal gasification ac-
tivities at its operations center and has been 
cooperating with and has entered into an agreement 
with state health and environmental officials to con-
duct investigations and propose remedial actions. 

33*4

SOLID WASTE MANAGEMENT FOR COAL 
GASIFICATION PROCESSES UNDER STUDY 

The Department of Energy/Morgantown Energy Tech- 
nology Center (METC) has Initiated a research project 
to study the effects of disposal of solid wastes from 
advanced coal processes. M ETC has contracted with 
Radian Corporation and the North Dakota Mining and 
Minerals Resources Research Institute (M MR Ill) to 
conduct several field studies of disposed wastes from 
advanced coal processes, including fluidized-bed com-
bustion, advanced 502 control, coal gasification, and 
advanced coal cleaning. Data Is to be collected to 
characterize the wastes and places in which they are 
disposed, and any subsequent leaching, migration, and 
transformation of waste constituents. An overview of 
the program was presented by L. Holcombe and 
G. Page of Radian at a conference on Waste 
Management for the Energy Industries, held in Grand 
Forks, North Dakota in May. 

The objective of the research Is stated to be to 
provide data that will assist In waste management for 
these emerging and advanced coal processes. The re-
search should support permitting activities, and supply 
data for the development of predictive models for 
contaminant transport. 

Before beginning field testing, detailed test plans are 
being prepared for each test site. 

In the field test phase, comprehensive monitoring of 
the waste/environment interactions will be performed 
at each site. Figure 1 illustrates the phenomena that 
will be monitored during the field testing. These in-
clude climate, waste, waste/soil interface, soils, geol-
ogy, and hydrogeology. 

Figure 2 presents a conceptual view of the field test 
sites planned for this program. Figure 3 presents a 
summary of the field data requirements for modeling 
solute transport from a waste body through the sub-
surface environment. These data include site charac-
teristics which serve as model Inputs and monitoring 
targets which will be used to check model outputs. 
The field progra,n is to cover the transport of both 
organic and inorganic solutes in the subsurface en-
vironment. 

No single model currently exists that includes all the 
geohydrocha'nical variables and phenomena of interest 
to this project. However, a variety of models are 
available covering different segments of the proiem. 
Radian's presentation described some of these models 
and their input and output parameters. 

For instance the products or output from a hydrologic 
water balance model are estimates of the water flow 
around and through the disposal facility. These out-
puts would be checked by field measurements, to see 
how closely the model predictions approximate field 
behavior. 
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FIGURE 1 

PHENOMENA IN WASTE MANAGEMENT 
FIELD MONITORING
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As water percolates through the waste, constituents 
are leached from the waste particles. The transport 
of these constituents is determined by both the 
chemical reactions at the surface of the waste par-
tides and by the flow of water through Vie waste. 
Although flow and lcuching models have not yet been 
coupled, the project assumes that such a coupling 
could be accomplished and the data requirements for 
the two models (i.e., hydrologic balance and leaching) 
would be very similar to the data for a coupled 
model. Validation of the leaching model in the field 
would require monitoring the leachate composition of 
the waste as a function of time, as well as changes 
In the waste itself as leaching occurs.

Thus far, the project has developed generic test 
designs and field data requirements. During the next 
several months, efforts will be concentrated on select- 
ing test sites and waste sources, develo2ing specific 
test plans, and finally implementing the test plans. 
The final product of this research is expected to he a 
database of field disposal behaviors, and a manual 
that makes recommendations for disposal facility 
design. 
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FIGURE 3 

SUMMARY OF DATA NEEDS FOR MODEL VALIDATION 
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#44 B 

BIODEGRADATION OF COAL GASIFICATION 
WASTEWATER SUCCESSFUL AT GREAT PLAINS 

The use of cooling towers for biodegradation is not a 
new idea. However, it has not been widely practiced 
commercially. There is substantial incentive for syn-
fuel developers to design for zero liquid discharge. 
Conservation of water resources and regulatory 
restrictions on discharge of treated effluents are but 
two of such incentives. Design engineer of the 
Great Plains Coal Gasification Project at Beulah, 
North Dakota, incorporated this zero discharge con-
cept when they designed for the reuse of process 
condensates as cooling tower make-up water. They 
viewed the cooling tower as a process unit where 
evaporation, biological oxidation and heat transfer 
would take place concurrently.

Originally the tower was to be seeded with 
laboratory-grown hydrocarbon-degrading bacteria. 
However, when startup procedures in May 1984, intro-
duced Lake Sakakawea water Into the cooling system, 
a biofllm of an indigenous fresh water bacterial 
population developed on the tower packing and 
eliminated the need for inoculation. 

A summary of the cooling tower operating problems 
and successes was given by ANG Coal Gasification 
Company at the conference on Waste Management for 
the Energy Industries, held in Grand Forks, North 
Dakota in May. 
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Wastewater Management System 

The Great Plains cooling tower system utilizes six 
different process wastewater streams as Sources for 
make-up water. The six make-up streams are; 

- Stripped Gas Liquor 
- Dissolved Air Floatation Effluent 
- Multiple Effect Evaporator Distillate 
- Rectisol Impure Water 
- Stretford Purge Solution 
- Reverse Osmosis Reject Water 

These streams undergo varying degrees of pretreat-
ment and are then used to supply the makeup 
requirements of the cooling tower. The percentage 
composition of the makeup water blend varies 
seasonally with the cooling evaporation rates. 
Table 1 shows the summer and winter percentage of 
make-tip streams for 1986 conditions. 

The utilization of the cooling tower system for simul-
taneous evaporation, biological degradation, and heat 
transfer has required a change from normal operating 
philosophy. Cooling towers are normally operated 
with reasonably pure water. At Great Plains the cir-
culating water is anything but pure, with high con-
centrations of tars, oils, organic salts, ammonia, and 
aerobic biological organisms. 

Chemical additives used include pil control, organic 
dispersant, iron dispersant, and antifoam. Acid is 
added to neutralize the high pli wastewater streams. 
Organic dispersant is injected to prevent the tars and 
oils from fouling the heat exchange equipment. Iron 
dispersant is employed to prevent the formation of 
scale in the pipes. Foam control is a major problem 
and requires high dosages of anttfonm chemicals. 
Jlocides are not used as they would be In normal 
cooling towers because the bacteria required for the 
biological degradation would be killed. 

The cooling tower flow rate is 150,000 gallons per 
minute. The system is blown down continuously to 
maintain a water conductivity of 10,000 which results 
In 9.4 cycles of concentration or 10.6 percent makeup

blend volume. The biowdown Is further reduced in a 
multiple effect evaporator system by ten fold before 
being incinerated. 

Biological Populations 

Before stripped gas liquor (SGL) was first introduced 
(at startup) Into the tower in April of 1984, the 
tower had been running on water from Lake 
Sakakawea. This lake water contained an indigenous 
bacterial and yeast population of approximately 
1,000 organisms per milliliter. After thg SGL was in- 
troduced, this population exploded to IO U -10 9 microor-
ganisms per milliliter. In July of 1984 the plant was 
in imminent peril of a completely plugged tower 
which would have shut-down the entire plant. 

Two primary culprits for this early fouling episode 
were determined to be; 

- The nature of the polyvinyl film packing 
where there were very narrohv constrictions 
between the sheets of packing 

- The presce of many pseudornycilial yeasts 
(up to 10 per milliliter) with Candida rugosa 
the most prevalent and Trichosporan b9lii 
and Candida lipolytica close seconds. 

These pseudotnycilia formed such extensive matrices 
that the narrow void spaces in the packing were com-
pletely plugged with microorganisms, oil, tar, and 
debris trapped in the slimy masses. 

As a result of this problem, the AUG engiaeering 
staff changed the cooling tower design. A ceramic 
tile splash packing was selected to replace the 
original film packing to minimize the effects of the 
biofilm fouling. 

An intensive biocide program was initiated to control 
the yeasts but with mixed benefits. What controlled 
the yeasts (earbn mates and dibro cnonitrlloproplon-
amides) also killed the oxidative bacteria that AND 
wished to protect.	 In December of 11)84 the last 
biocide dose was used in the tower. 	 By that time 

TABLE 1

GREAT PLAINS COOLING 10VER MAKEUP STREAMS 

% of Total Makeup 
Wastewater Stream	 Sumter	 Winter 

Stripped Gas Liquor	 (SGL) 75.596 78.336 
Dissolved Air Flotation (OAF) Effluent 9.5% 8.296 
Multiple Effect Evaporator 	 (MEE) Distillate 9.196 10.296 
Reetisoi Inure Water 1.7% 2.396 
Stretford Purge Solution 0.926 1.1% 
Reverse Osmosis (RO) Reject Water 3.396 01096
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the bacterial population had completely adapted to 
the nutrients contained in the SQL and were degrad-
ing the organic chemicals in the cooling water system 
(especially methanol, volatile fatty acids and phenols) 
to nondetectable levels (Table 2). The bacteria ap-
parently successfully competed for substrate with the 
yeasts since the latter microorganisms have reached 
more than five to ten per milliliter only on very rare 
occasions and pseudomycilia have not been seen for 
two years.	 It also appeared that the bacterial 
population had developed biocide resistance. The 
cooling water has maintained an average aerobic 
heterotrophic bacterial population of between 10 to 
10 cells per milliliter from 1905 to 1387. 

Pseudomonas species, 	 Alcaligenes species, 	 and 
Acinetobacter species comprised 34, 27, and 
13 percent respectively of the total population. All 
of these have been reported to be efficient hydrocar- 
boii degraders in both marine and fresh waters and 
soil.	 The only other significantly numerous bacteria
veru Flavobacterlum and Moraxella species at seven 
percent each frequency. Most conspicuous by their 
apparent absence were the grain positive group. The 
cooling water, with its largely hydrocarbon, Catty acid 
and phenolic composition, had obviously selected for 
the gram negative, nonfermentative, strictly aerobic 
microorganisms.

The dominant organisms (Pseudomonas, Alcaligenes, 
and Acinetobacter), all derived from the lake water, 
adapted so well to the highly organic nature of the 
stripped gas liquor that after two years they were 
achieving up to 100 percent degradation of the 
volatile fatty acids and the phenolics (phenol and 
catechol) that were not removed by the Phenosolvan 
process. White there was too much tar and oil and 
not a long enough retention time for complete 
degradation of these compounds, there was evidence 
that a partial degradation of these compounds was 
going on.

TABLE 2 

BIOLOGICAL REDUCTION OF ORGANICS IN
GREAT PLAINS COOLING WATER 

Ph
Doc 
Total N10 
Monovalent Phenols 
Catechol 
Volatile Acids as Acetic 
Methanol 
Tar 
Oil

Stripped 96 Redue- 
Gas Cooling tion of 

Liquor Water Organics 

9.3 8.4 
2000 3000 75% 
1300 640 66% 

10 0 130% 
240 <10 100% 
550 25 09% 

130-260 <1 100% 
14 2000 
70 200 71%

U 0 
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RESOURCE 

POWDER RIVER CALLS FOR EXPRESSIONS OF 
LEASING INTEREST 

The Powder River Regional Coal Team (RCT) has 
called for expressions of coal leasing interest within 
the Powder River Coal Region by September 30, 1987. 
The RCT also requested public comments on a Powder 
River long-range market analysis by September 30, 
1087. The RCT will review the leasing interest, long-
range market analysis, and public comments during a 
public meeting on October 20, 1987. The primary 
purpose of this RCT meeting will be to assess the 
need to resume federal coal leasing in the Powder 
River Coal Region. 

This call for expression of interest is being issued in 
accordance with the RCT recommendation of Decem-
ber 4, 1986. In order for any tracts to be con-
sidered, an expression of interest must be submitted. 
Expressions of interest must be confined to those 
areas available for competitive leasing consideration 
as set out in the Bureau of Land Management's 
resource management plans. 

An expression of leasing interest is net an application. 
The expressions of interest should include: 

- Quantity needs 

- Quality needs 

- Location.	 If no location is indicated, the 
delineation team will locate the tract. 

- T
ype of mine 

- Proposed uses of coal 

- Where coal will he consumed 

- Transuortation in 

- Available sources of coal 

Information on mineral and surface ownership 

Special qualifications for public bodies request-
ing leases 

A summary of all expressions and the results of the 
Bureau's screening of these expressions will be made 
available during the RCT meeting on 	 October 29, 
1987.	 The full text of each expression of interest 
will he made available for public inspection. 

#44*

INTERIOR'S FINAL RULES SUBJECT PRLA'S TO 
ENVIRONMENTAL ANALYSIS 

Procedures for processing more than 100 remaining 
coal preference right lease applications (PRLAs) have 
been included in final rulemaking published by the 
Department of the Interior's Bureau of Land Manage-
merit (BLM), effective August 7, 1087. 

The procedures will be used to determine the future 
of outstanding PRLAs in five western states on ap-
proximately 264,328 acres of federal land, a move 
that will end 15 years of uncertainty and controversy. 

The PRLA system, established to encourage explora-
tion in areas not having proven reserves, had allowed 
the holder of a PRLA to obtain a lease without 
having to pay for it or go through a competitive bid-
ding process if he could prove it is commercially 
feasible to mine the coal discovered. That system 
was scrapped with the passage of the Federal Coal 
Leasing Amendments Act of 1976, at which time 
some 190 outstanding preference right applications 
were "graadfathered" into the current system. The 
number has decreased to 109 today because of relin-
quishments, rejections and issuance of leases. 

A decision in a 1978 lawsuit brought by five environ-
mental groups said the department could not withhold 
such leases, but had to count the cost of complying 
with environmental protection measures in determining 
whether a commercial quantity of coal had been 
found. 

in 1983, the plaintiffs said the Department was not 
complying and stied again. Both sides began nego-
tiations on new rules as a settlement of tue second 
lawsuit, and a draft agreement was announced in 
February of this year. 

As part of the settlement, the department's Bureau of 
Land Management will prepare new environmental im-
pact statements on almost all of the lease applica-
tions, and will review the data in a few statements 
that do not have to be redone. 

The analysis will include a list of special erivironinen-
tal mitigation measures needed if the P liLA is mined, 
as well as a look at the option of withdrawing the 
land from mining and compensating the PRLA holder. 

The review must also include a look at the cumula-
tive effects of mining in the area of the PRLA along 
with mining of adjacent or nearby coal lands and it 

determination of the economic feasibility of mining 
coal in the application area in light of measures 
needed to prevent or repair environmental damage. 

44*4 
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BLM PIJBI.1311E5 GUIDELINES ON ROYALTY RATE 
REDUCTIONS 

The Department of the Interior's Bureau of Land 
Management (BLM) has announced guidelines to be 
used in determining whether a federal solid mineral 
lessee may be granted a reduction in the royalty rate 
paid on production. 

Section 39 of the Mineral Leasing Act of 1920 gives 
the Secretary of the Interior broad discretion to 
reduce royalty rates below the minimum established 
by statute or the rate specified in a lease. The use 
of this authority has proven to be a complex and con-
troversial issue," said Robert F. Burford, fiLM Direc-
tor, noting that draft guidelines were published in 
February 1985. 

"The final guidelines place an emphasis on fostering 
and encouraging the development of solid leasable 
mineral resources that might otherwise remain Un-
mined," Burford added. 

The criteria for approval of a royalty rate reduction 
cover instances whore the greatest ultimate recovery 
would be encouraged and where it is in the Interest 
of conservation of natural resources to: 

- Promote development by providing an Incen-
tive to extract resources not recoverable un-
der current standard operating practices 
(expanded recovery) 

- Promote development by providing an incen-
tive to extract resources that will be foregone 
when a mine ceases operations permanently 
(extension of mine life) 

- Grant temporary relief when it can be shown 
that lease operating costs have exceeded lease 
production revenue and this condition is 
projected to continue (unsuccessful operations) 

The final guidelines substantially simplify the financial 
analysis required for a royalty rate reduction. The 
guidelines allow for a royalty rate reduction based on 
the submission of geologic and engineering data in 
cases where expanded recovery and mine life exten-
sion are desirable. 

Applications approved under these criteria would 
receive an automatic reduction in the royalty rate 
from 12.5 percent to eight percent for surface-mined 
coal, and to rates to be determined for the other 
solid leasable minerals.

The submission of lease-specific financial data for a 
"financial test" will be required for unsuccessful 
operations and will be optional in certain instances 
for expanded recovery and mine life extension. 

A final accounting requires recipients of royalty rate 
reductions to file a certified financial statement 
within 120 days of the termination of royalty rate 
reduction. The financial statement will be used to 
determine whether and how ouch production royalty 
Is owed. 

The reductions carry a term of two years, with an-
nual recertification, or less than two years if 
resources identified in the application have been fully 
recovered. 

The guidelines contain a royalty rate floor of two 
percent of the value of the solid leasable mineral 
produced and provide that royalty reductions will be 
granted only if rent and royalty payments are current 
and the lease account Is in good standing. 

41114* 

GREEN RIVER-HAMS FORK COAL TEAM TO MEET 

The first meeting of the Green River-Uams Fork Coal 
team since it was rechartered by the Secretary of the 
Interior in March 1986 will be held in Denver on 
October 9, 1987. The Green River-Hams Fork region 
includes northwestern Colorado and southern Wyoming. 

At this initial meeting, the team will consider the 
need for new federal coal Leasing in the region based 
on a Long Range Market Analysis prepared by the 
Bureau of Land Management (BLM). Copies of that 
analysis may be obtained from the Bureau of Land 
Management, Colorado State Office, 2850 Youngfield 
Street, Lakewood, Colorado 00215. 

Among options the team will consider are: initiate 
regional activity planning; defer regional activity 
planning and continue leasing under the emergency 
leasing criteria; or decertify the region and lease only 
in response to applications. The public will he 
provided with an opportunity to comment on the op-
tions at the meeting.

#04 II 
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SOCIOECONOMIC 

MONTANA LOSES TO CROW TRIBE ON COAL 
TAXES 

In June the Ninth United States Circuit Court of Ap-
peals declared that Montana's 30 percent coal 
severance tax and gross proceeds tax on coal mined 
on the Crow Indian Reservation are in violation of 
federal law. The Court ruled that the taxes inter-
fered with the tribe's economic development, 
autonomy and self-government. The decision reverses 
a United States District Court ruling. Westmoreland 
Resources is the only coal company presently mining 
Crow coal.	 Since 1975 some $20 million has been

paid in state taxes, with the money going into an 
escrow account since 1982. The tribe would be able 
to collect the taxes that are now being paid to the 
state and could possibly lower the percentage figure 
to make the coal more marketable. The case raises 
important questions about the state's taxing authority 
and could affect future mining in that area. The 
state is therefore planning an appeal to the United 
States Supreme Court. 	 A ruling is unlikely before
July 1988. 
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RECENT COAL PUBLICATIONS/ PATENTS 

The following papers were presented at the Conitech '87, Coaltrade '87 conference held, at the Queen 
Elizabeth II Conference Centre in London, United Kingdom, June 9-I1, 1987: 

Jones, D., "Coal and Its Competitors in the Energy Market". 

Dainton, A. D., "Technical Challenges of Coal". 

Schellberg, IV., "Combined Cycle Power Plant with Integrated PRENFLO Coal Gasification". 

Thompson, IL U., "The Application of the British Gas/Lurgi Slagging Gasifier for Integrated Coal 
Gasification Combined Cycle Power Generation". 

The following papers were presented at the Ninth Symposium on Coal Utilization Technology held In Tokyo, 
Japan, August 26-28, 1987: 

Agency of Natural Resources and Energy, "Energy Policy and Promotion of Development of Coal 
Utilization Technology". 

Okada, K., et al., "Coal Data Base for Liquefaction". 

Fujli, IC., "Relationship Between Geological Structure, Coal Properties and Liquefaction". 

Issiki, A., "Development of a Hot Gas Desulphurization Process". 

Fukui, J., "Development of a Hot Gas Dedusting Process". 

The following papers were presented at the American Power Conference held in Chicago, Illinois, April 27-29, 
1087:

Verne, G. A., et al., "Configuration Considerations for a Coal Gasification Combined Cycle 
Power Plant". 

ilendry, K. L., et al., 'Commercial Demonstration of the Dow Gasification Process in an In-
tegrated Combined Cycle Cogeneration Application". 

The following papers were presented at the Ninth International Congress of Chemical Engineering, Chemical 
Eqnpment Design and Automation, held in Praha, Czechoslovakia, August 30 - September 4, 1987: 

Othmer, D. F., "Methanol from Low Grade Coal - A Superior Auto Fuel". 

Adesina, A. A., et al., "Application of Periodic Operation to the Fischer - Tropsch Synthesis of 
Hydrocarbons". 

Zrunchev, I. A., et al., "Magnetic Technology of the Catalytic Processes During Fischer - 
Tropsch Synthesis". 

Waleezek, K., et al., "Reduction Zone Height Determination in a Solid Waste Gasification 
Process in a Shaft Furnace". 

Sokie, Ti., et al., "The Impact of Coal-Conversion Technologies on Structuring the Efficient Sys-
tem of the Petrochemical Industry". 

Wojcik, IV., et al., "The Preliminary Refining of Coal Tar". 

Bulle, H., at at, "Process Development Unit for Hydrothermal Treatment of Soft Lignite with 
High Sodium Content". 

Richter, J., et at, "Kinetics of Coal Liquefaction". 

Geike, K., at al., "Solubilities of Hydrogen and Other Gases in Coal Liquids". 

Kwiatkowski, J., et at, "Supercritical Extraction of Coal Liquids". 
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Majewski, W., at al., "Supercritical Extraction of Lignites". 

Le Bolay, N., at al., 'Kinetics of Coke Gasification in a Fluidized Bed of Sand". 

Kuznetsov, B. N., et al., "Catalytic Pyrolysis and Combustion is a New Direction in Thermal 
Conversion of Coal". 

Koepsel, ft., et al., "Gasification of Selected CUR Brown Coals with Steam, CO 2 and Mixtures 
of These Compounds: Nineties and Catalytic Activity of Ash Constituents". 

Bowling, IC., at al., "Ultraclean Coal-Based Pseudoliquid Fuels - Processes, Properties and 
Prospects". 

111cr, 8., et al., "Operation Analysis of Polish Installations for Coal Liquefaction on the Grounds 
of Radiotracer Investigations of Phase Dynamics". 

Satyanarnyana, K. et al., "Kinetics of Coal Liquefaction". 

Meszaros-Handler, E., et al., "Investigation on the Oil Agglomeration Coal Purification Process 
for Utilization of Waste Coal Sludges". 

Koepsel, ft., et at., "Influence of Coal and Reaction Conditions on Liquefaction Behaviour of 
GDR Brown Coals". 

The following paper was given at IIJPAC CUEMRAWN VI, the World Conference on Advanced Materials for 
Innovations in Energy, Transportation & Communications held in Tokyo, Japan, May 17-22, 1987: 

Fujimori, K., "Advanced Fossil Energy - Integrated Coal Gasification Combined Cycle Power 
Generation Systems". 

The following papers were presented at the 22nd lntersociety Energy Conversion Engineering Conference 
"Energy-New Frontiers", held in Philadelphia, Pennsylvania, August 10-14, 1987: 

Rath, L. K., et 'ii., "Advanced Coal Gasification Combined Cycle Using the ICRW Gasifier 
Recent Pilot Plant Results and Commercialization Efforts". 

Hahn, 0. J., et  at., "A One Dimensional Steady-State Kinetic Computer Model of a Moving Bed 
Coal Gasifier". 

Marconi, P. F., ci al., "Some Performance Calculations on Integrated Coal Gasifier - Molten 
Carbonate Fuel Cell Systems". 

The following papers were presented at the conference on Waste Management for the Energy Industries held 
in Grand Forks, North Dakota, April 29 - May 1, 1987: 

McCarthy, G. .1., at al., "The Essential Role of Materials Characterization in Utilization or Safe 
Disposal of Coal Combustion and Gasification Wastes". 

Letcher, R., et at., "Experimental Design for Field Study of Wastes from Advanced Coal 
I' roe ass es'. 

Bromel, M. C., at al., "Biodegradation of Organic Compounds in Coal Gasification Wastes". 

Gallagher, J. ft., et al., "Biological Fluidized Bed Reactors for Treatment of Stripped Gas Liquor 
from the Great Plains Gasification Plant'. 

The following new technical reports have been published by the Electric Power Research Institute: 

"Biologic Coal Beneficlatlon: Literature Review," AP-4834 Final Report, Contractor: Battelle, 
Pacific Northwest Laboratories. 

"Low-flank Coal-Water Slurries for Gasification: Phase 2 Analytic Studies," AP-4905 Final 
Report, Contractor: University of North Dakota. 

"Chemical Structure and Liquefaction Reactivity of Coal," AP-4995 Final Report, Contractor: 
Rockwell International Corporation.
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"Carbon Conversion - Ash Agglomeration Study for iCILnOAS Coal Gasification," AP-5004 Final 
Report, Contractor: Allis-Chalmers Corporation. 

"Pyrolysis of Coal for Production of Low-Sulfur Fuel," AP-5005 Final Report, Contractor: Wes-
tinghouse Electric Corporation. 

The following articles were published In the May/June Issue of Energy & Fuels: 

Coughlin, R. W., et al., "Characterization of Products Formed During Coliquefaction of Lignin 
and Bituminous Coal at 400 0 C". 

Scaroni, A. IV., at al., "Pyrolysis and Combustion of Bituminous Coal Fractions in an Entrained-
Flow Reactor". 

Ross, D. S., et al., "Coal Conversion In CO/Water. I. Conversion Mechanism". 

Ross, D. S., at al,, "Coal Conversion in CO/Water,	 2.	 Oxygen Loss and the Conversion 
Mechanism". 

Suzuki, T., et al., "Kinetic Studies on the Flydroliquefaction of Cools Using Organometallic 
Complexcs". 

Larsen, J. IV., et al., "Noncovalent Interactions in high-Rank Coals". 

Suuberg, E. M., et il., "Relation Between Tar and Extractables Formation and Cross-Linking 
During Coal Pyrolysis". 

Tornita, A., at al., "New Utilization of NaCl as a Catalyst Precursor for Catalytic Gasification 
of Low-Rank Coal". 

The following articles were published in the July/August issue of Energy & Fuels: 

r.lonnier, J., at al., "Catalysts Supported on Hydrous 'Titanates' for Ilydroprocessing Mixtures of 
Heavy Oil and Cool". 

Chiba, '(.,et al., "Liquefaction of Yallourn Coal by Binary System Solvent". 

Xis',ino, M., et al., "Liquefaction Reoctivities of Three Subbituminous Coals in Tetriil,ydrofluoran-
thene as a Hydrogen Donor". 

Yokono, T., at al., "Hydrogen Donor Ability (Da) and Acceptor Ability (Aa) of Coal and Pitch. 
I. Coalification, Oxidation, and Carbonization Paths in the Da-Au Diagram". 

Pajak, J., et al., "On the Mechanism of Hydrogen Transfer from Decnthn to Coal. Pressure Sf-
feet and Kinetic Isotope Effect". 

3aldwin, K. 14., et al., "Coal Reactivity in Direct Hydrogenation Liquefaction Processes: 
Measurement and Correlation with Coal Properties". 

The following articles were published in the June issue of Energy Progress: 

Clark, W. N., at al., "Cool Water: Performance and Economies". 

Wiebor, P. it., et al., "Advanced 10CC Power Systems for the United States". 

COAL - PATENTS 

"Two Stage Slagging Gasifier," Michael C. Tanca - Inventor, Combustion Engineering Inc., United States Patent 
4,680,035, July, 14, 1987. An entrained flow coal gasifier having a combustor zone and a reductor zone separated 
by a centrally located baffle. The baffle covers the projected plan area of a slag tap whereby cool slag falling 
fro,n the reductor will be heated before flowing through the slag tap. 
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"Process for Producing and Using Syngas and Recovering Methane Enricher Gas Therefrom," Peter Heinrich, Klaus 
Knop, Freidbert Rube - Inventors, Maschinenfabrik Augsburg-Nurnberg, United States Patent 4,678,480, July 7, 1987. 
A process for producing a synthesis gas containing methane and using a reactor having a fuel containing carbon 
comprises directing gasification gases in a circulation system through a bed of fuel containing carbon to form a 
synthesis gas containing methane and carbon dioxide. Thereafter, the synthesis gas is cooled in a regenerator and 
subjected to the gas separation wherein the syngas is subjected to a gas cleansing by means of a pressure change 
absorption in a gas scrubber to remove most of the methane and carbon dioxide and its water content is increased. 
The separated gas is then heated and subsequently the portion Is returned into the system together with the waste 
gases and fuel containing carbon. The process includes a four-pole heater which includes the first heat exchange 
passage for the syngas which is cooled and a second heat exchange passage for the recirculation of the syngas and 
is further cooled and passed through a scrubber. The system includes a heater which Is arranged after the four-
pole heater which operates the gas and then the gas is passed through a reduction reactor back through a heating 
element of the regenerator that initially cooled the gas. A portion of the gas is also used to drive a steam tur-
bine and to direct the excess steam from the turbine into the initial reactor which has a fluidized bed of the 
carbon material such as coal. 

"Method for Operating A Coal Gasifier," lions C. Pohl - Inventor, Krupp-Koppers GmbIl, United States Patent 
4,655,793, July 4, 1987. In a method for safely operating a coal gasifier which is indirectly cooled by passing a 
heat-carrying oil through a cooling jacket of the gasifier, the pressure of the heat-carrying oil is continually 
measured after having passed through the cooling jacket. If the measured pressure falls below a predetermined 
pressure, the supply of coal and gasifying agents to the gasifier is interrupted, the passage of heat-carrying oil is 
interrupted, and water or steam is passed through the cooling jacket until the gasifier is safely shutdown. 

"Magnetohydrodynnmic Power Generator," Ken Kato - Inventor, Agency of Ind. Science & Technology, United States 
Patent 4,663,548, May 5, 1987. A magnetohydrodynamic power generator is provided in the cathode wall constitut-
ing one part of its generating channel with an oxidizing agent injection device. By supplying oxidizing agent to the 
surface of cathodes through this injection device the reducing atmosphere in the vicinity of the cathodes is neutral-
Ized, thereby preventing short-circuiting between adjacent electrodes. 

"Process 01 Preparing A Donor Solvent For Coal Liquefaction," John G. Ditman - Inventor, Foster Wheeler Corpora-
tion, United States Patent 4,663,028, May 5, 1987. A process of preparing a donor solvent for coal liquefaction. 
Liquefied coal is distilled to separate the coal into a fraction having a boiling point less than about 350 0 F and a 
residue having a boiling point greater than about 350 0 F. The residue from the distillation is densphalted in a first 
solvent capable of substantially extracting from the residue a first oil comprising tower molecular weight compounds 
and saturated compounds. The residue from the first deasphalting step is then deasphalted in a second solvent 
capable of substantially extracting from the residue a second oil comprising concentrated aromatic and heterocyclic 
cocipo ind.s and leaving in the residue asphaltenes and ash. The second oil can be used as a donor solvent. The 
second oil extracted in the second deasphalting step is preferably partially hydrogenated prior to use as a donor 
solvent for the liquefaction of coal. 

"Method of Cooling And Gasifying Retort Coal," Horst Dungs, Kurt Lorenz, Heinrich Weber, - Inventors, Firma Carl 
Still Cmhil and Company, United States Patent, 4,662,895, May 5, 1987. A method and apparatus of cooling 
retort coke is disclosed which provides for cooling hot coke from a coking chamber by direct heat exchange with 
fine-grained material, preferably coal, and the subsequent separation of the fine-grained material from lump coal 
which would form the cooling step. 

"Process For Producing A Coal-Water Mixture," Edward II. Greenwald, Sr. - Inventor, United States Patent 
4,662,894, May 5, 1987, A process for producing a coat-water mixture includes forming dilatant coal particles in an 
aqueous coal feedstock mixture by treatment with ozone and classifying the coal fecdstoelc to form first and second 
coal feed streams each comprised of differently-classified coal particles. Separate surge vessels receive the coal 
particles in a liquidmedium forming each coal feed stream is determined and an electrical signal is delivered to a 
microprocessor for controlling the portions of each stream which are mixed together in the presence of a dispersing 
agent to form a coal-water mixture. The coal-water mixture Is comprised of at least 65 percent by weight coal 
particles, preferably 70 percent. The coal content may be increased and flow properties of the coal-water mixture 
[unproved by removing a minus 2-micron particle fraction which is predominantly clay from the feedstock and 
mixing a minus 2-micron traction of coal particles with quantities of the first and second feed streams. 

"Combination Air-flown and Oxgen-Blown Underground Coal Gasification Process," Luis E. Arri, Bruce IV. Gash, 
Rajen Pun - Inventors, Amoco Corporation, United States Patent 4,662,443, ilay 5, 1987. Use of an air-blown un-
derground coal gasification plant to produce low-BTU gas thereby providing boiler fuel needed for an oxygen-blown 
underground coal gasification plant. The product from the oxygen-blown plant can be used for the production of 
synthetic natural gas or other uses. A preferred production gasification is also shown. 

"Method Of Underground Conversion Of Coal," Rajen Purl - Inventor, Amoco Corporation, United States Patent 
4,662,439, May 5, 1987. A method of converting coal and other solid carbonaceous material to gaseous and liquid 
products by heating the coat in the presence of the gaseous effluent to a sufficient temperature for pyrolyzing the 
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coal to produce liquid and gaseous products. Thereafter, further gasifying the coal to produce a gaseous effluent to 
he used in subsequent steps to produce liquid and gaseous products. 

"Multi-Stage Coal Liquefaction and Fractionation Method," Srikant Gir, Donald E. Rhodes - Inventors, Kerr-McGee 
Corporation, United States Patent 4,664,788, flay 12, 1987. A multi-stage coal liquefaction method in which coal is 
slurried with a primary light solvent, such as toluene, hexane and/or cyclohexane, and a Process-derived primary 
heavy solvent. The coal-primary solvent slurry is treated tinder coal-liquefying conditions to form a first teed solu-
tion containing coal liquefaction products. The first feed solution Is treated by a multi-stage supercritical solvent 
extraction procedure. The final heavy phase produced by this procedure Is mixed with a secondary solvent, such as 
pentane, to produce a second feed mixture, which Is treated in a second multi-stage supercritical solvent extraction 
procedure. Heavy phases recovered from the separate stages of both solvent extraction procedures are blended to 
provide a recycled primary heavy solvent. 

"Power Generating Station With An Integrated Coal Gasification Plant," Rainer Muller, Ulrich Sehiffers - Inventors, 
Itraftwerk Union, United States Patent 4,663,931, May 12, 1987. Power generating plant with an integrated coal 
gasification plant, with a heat exchanger and gas purification plant connected to the coal gasifier, with a gas tur-
bine and steam power generating plant part connected to the heat exchanger and gas purification plant, and with a 
methanol synthesis plant. The methanol generated In the methanol synthesis plant as well as the synthesis exhaust 
gas of the methanol synthesis can be fed, at least partially, to a further subplant for a second chemical manufac-
turing process and the excess synthesis exhaust gas from the methanol synthesis and the exhaust from this further 
sttbplant, to the combustion chamber of the gas turbine power generating plant part. 

ttMedium_Load Power Generating Station With An integrated Coal Gasification Plant," Konrad Goebel, Rainer Muller, 
Ulrich Schiffers - Inventors, }Craftwerk Union, United States Patent 4,676,063, June 30, tOO?. Medium-load power 
generating station with an integrated coal gasification plant, a gas turbine power generating station part connected 
to the coal gasification plant, a steam power generating station part connected to the raw gas heat exchanger plant 
of the coal gasification plant, a methanol synthesis plant having a plurality of modules connected in parallel to 
each other, and a purified gas distribution system which connects the methanol synthesis plant to the gas turbine 
power generating station part and which includes a purified gas continuous flow interim storage plant and is con-
nected on the gas side to the raw gas heat exchanger plant. The methanol synthesis plant is associated, for 
hydrogen enrichment, to a "cooler-saturator loop" which Is connected to the raw gas heat exchanger plant and con-
sists of the saturator, a converting plant, cooler and following gas purification plant. In one mode of operation, a 
water electrolysis plant is associated with the methanol synthesis plant and its hydrogen line is connected to the 
methanol synthesis plant, and its oxygen line Is connected to the coal gasifier. 

"Method Of Heating, Melting And Coal Conversion," Ernest S. Gcskln - inventor, United States Patent 4,659,375, 
April 21, 1987. A method of heating gases for combustion, operating turbines, and heating of a material and the 
like comprises the steps of providing a melt deposited in a vessel including two vessel elements and selected from 
tile group consisting of a metal, a slag which is a mixture of metal oxides and nonmetal oxides, and a metal and a 
slag, supplying coal, air, fluxes and hot flue gases into the melt, passing the flue gases leaving the melt through a 
gas heater, passing a gas to be heated through one of the vessel elements, circulating the melt between the vessel 
elements, and supplying the gas which has been heated during passing through the one vessel eleaent, to a gas con-
Sumer. 

"Method For The Recovery Of MateriaLs And Production Of By-Products Fro'n Coal Ash," Robert A. Ashtvorth, IV. 
Wes Berry, Antonio A. Padilla, Larry A. Rodriguez, Rae A. Schmeda, Ned B. Spake - inventors, Florida Progress 
Corporation, United States Patent 4,652,433, March 24, 1987. The method of the present invention Is a novel 
comprehensive process for maximizing the recovery of valuable mineral values from coal ash. Options may also be 
included for the production of salable inorganic chemical by-products. The process employs both physical and 
chemical extraction techniques that maximize the yield of products while reducing the quantity of waste produced. 
Valuable minerals and chemicals such as cenospheres (hollow microspheres), carbon, magnetite (Fe304), Alumina 
(Al203), iron oxide (Fe203) and iron chloride (FeCl3) may be produced. Due to removal of carbon, magnetite, and 
iron oxide from the coal ash, the processed ash comprises a quality pozzoian. 

"Combined Gas-Turbine Plant Preceded By A Coal Gasification Plant," Bernard Becker, Konrad Goebel - inventors, 
Kraftwerk Union, United States Patent 4,651,519, March 24, 1987. Combines gas turbine/steam turbine plant, in 
which the exhaust gas line of the gas turbine block containing an air compressor, combustion chamber, gas turbine 
and generator is connected on the primary side to a steam generator which, in turn, comprises parts of the steam 
turbine block which also contains a high pressure and a low pressure turbine, a condenser, a feedwater tank and a 
feedwater pump. The combustion chamber of the gas turbine block is connected to the output of a coal gasifica-
tion plant, the air separation unit which has an outlet for the separated nitrogen and the gasifier. The gasifier is 
followed by a steam generator for utilizing the raw gas heat and a heat exchanger for heating the purified gas by 
the raw gas. The steam generator arranged ahead of the raw gas/purified gas heat exchanger is designed as a high 
pressure steam generator, the secondary output of which is connected to the output of the steam generator of the 
steam turbine block. The raw-gas/purified-gas heat exchanger is followed by a low pressure steam generator, the 
secondary output of which is connected to the low pressure part of the steam turbine. The nitrogen outlet of the 
air separation unit located in the coal gasification plant is connected exclusively to the purified gas line leading to 
the combustion chamber or to the burners in the combustion chamber. 
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"Method Of Recovering Fuel From Coal Ash," Rayami Itch, Chiaki Nagai - Inventors, Kawasaki Jukogyo, United 
States Patent 4,657,561, April 14, 1987. A method of recovering fuel from coal ash containing noneombusted 
carbon In particulate form discharged from a pulverized coal fired boiler, a fluidized bed boiler or a coal gasifica-
tion furnace together with exhaust gases. In this method, water and a binder and surfactant, if necessary, are 
added to the ash collected by the dust collecting device, and the mixture is agitated to form coarse particles of 
high carbon content. Then fine particles of high ash content are separated from the coarse particles, allowing the 
coarse particles separated from the fine particles to be dehydrated while tailing ash is turned white in color and 
the ash is put to use, 

"Process For Solidifying Solvent Refined Coal," Harris H. Oilman - Inventor, Electric Power Research Institute, 
United States Patent 4,666,482, May 19, 1987. A method and apparatus is provided for efficiently solidifying 
solvent-refined coal whereby the hot solvent-refined coal in liquid form is contacted in a cooling zone with dry, in-
ert, heat absorbent particulate solids within a rotating structure. The liquid solvent refined coal is solidified upon 
the particulate solids, separated by abrasion and friction within a separating zone, and the particulate solids are 
cooled and recycled back Into the cooling zone for contact with a fresh supply of liquid solvent refined coal. 

"Method For Pretreating Feedstocks For Coal Hydrogenation," Ulrich Bonisch, Aliens Feuchthofen, Wolf-Dieter Klein, 
Claus Strecker - Inventors, Veba Del EntwiekIungs-Gesellechaft MBU, United States Patent 4,666,509, May 19, 1087. 
A method for pretreating a coal hydrogenation feedstock with preheated hydrogen containing a hydrogenation gas 
under high pressure and at elevated temperature, in a liquid phase slurry system, is disclosed. In this process a 
mixture of a slurry of finely ground coal and a • slurry oil are fed to a preheater before being subjected to a 
hydrogenation and liquefaction reaction in a cascade of reactors. At a pressure of from 100 to 40 bars and a tem-
perature of 4200 C the reaction products are fed to a hot separator. In the process of the invention, prior to its 
preheating, a first partial stream of the hydrogenation gas is heated by indirect heat exchange with a gaseous hot 
separator product In a gas heat exchanger. The mixture of slurry and slurry gas is preheated through indirect heat 
exchange in at least one heat exchanger downstream from the first gas heat exchanger, through which flows the 
hot separator head product after passing through the first heat exchanger. The heated second partial stream of 
hydrogenation gas is then added to the preheated mixture of slurry and slurry gas. This process provides improved 
heat transfer during the preheating of the coal-oil slurry and the mixture In a slurry with a hydrogenation gas. 

"Solvent Recovery From Solvent Process Material Mixtures," Stephen K. Nelson - Inventor, Kerr-McGee Refining 
Corporation, United States Patent 4,666,562, May 19, 1987. A method of recovering light organic solvent from a 
liquid mixture containing the solvent and a process material, such as asphaltenes or coal liquefaction products. The 
solvent/process material mixture is treated in a solvent separation zone to separate a first vapor phase rich in sol-
vent and a first liquid phase rich in process material. At least a portion of the liquid in the solvent separation 
zone is transferred to a mixing zone, where the liquid is intimately contacted with steam, under shearing condi-
tions. The steam/liquid phase mixture thus produced is returned to the solvent separation zone and treated to 
separate a second vapor phase, rich in steam and solvent, and a second liquid phase, rich in process material and 
substantially depleted of solvent. Solvent is recovered from the first and second vapor phases. 

"Cyclone Cleaner For A Fixed Bed Reactor," Wolfgang Schafer - Inventor, Ruhrkohle, United States Patent 
4,674,418, June 23, 1987. A cyclone arrangement for cleaning gas from a gas generator for gasifying coal which is 
exhausted at high pressures. The invention proposes that the cyclone arrangement for the cleaning of crude gas in-
cludes at least two cyclones connected in parallel on their input sides, which cyclones can be turned on and off in-
dividually. Thereby a dry cleaning of the crude gas can be performed with only a slight temperature loss. The 
quantity of gas corresponding to the optimum cleaning efficiency can be adjusted to the quantity of gas either dis-
charged from the gas generator or actually required for the pressurization of the steam generator by adjusting the 
number of cyclones put into operation, without the need for the inclusion of buffer capacities. The gas generator 
comprises a pressurized fixed bed reactor. 

"Process For Producing A Diesel Fuel From Medium Heavy Oil Obtained From Coal," Klaus-Dieter Dohmns, Eckard 
Wolowaki - Inventors, Ruhrkohle, United States Patent 4,675,102, June 23, 1987. The invention provides an i.ii 
provernent to a process for producing a diesel fuel from  medium heavy oil obtained from coal. The invention in-
creases the amount of medium oil which can be used to produce diesel fuel while keeping the total yield of oil 
fro'n the coal about the sane. Thus, the fraction of the medium oil recovered is greater without altering the total 
yield of oil from the coal, and now amounts to about 00 to 85 percent of the total oil yield. Accordingly, the 
amount of light oil derived in this process becomes correspondingly smaller. Thus, the total oil yield is increased 
by about four to six percent compared with previously obtained results. 

"Gas Generator Installation," Wolfgang Schafer - Inventor, Ruhrkohle, United States Patent, 4,670,023, June 2, 1907. 
A enai gasifier has a fluidized bed reactor. The gasifier has a series of cyclones connected to an outlet of the 
gasifier to clean the gas generated by the fluidized bed reactor to isolate particulate matter. The cyclones are 
turned on and oft individually to compensate for the variations in the gas output of the fluidized bed reactor. 

"Power Generating Station With A High-Temperature Reactor And A Plant For Manufacturing Chemical Raw 
Materials," liens Frever, Rainer Muller, Ulrich Schiffers - Inventors, Kraftwerk Union, United States Patent 
4,660,270, June 2, 1907. Power generating station with a high-temperature reactor, a steam power generating sta-

4-49	 SYNTHETIC FUELS REPORT, SEPTEMBER 1987



Lion connected to the high-temperature reactor, a plant for generating hydrogen from carbon-containing material, 
with a coal gasifier for the hydrogenating coat gasification, a gas purification plant connected to the gas stream of 
the coat gasifier, a low-temperature gas separation plant following the gas purification and a tube cracking furnace 
which Is connected to the methane line of this gas decomposition plant heated by the heat transporting medium of 
the high-temperature reactor for cracking a methane/steam mixture, and with a gas processing plant which Is con-
nected to the exhaust gas line of the tube cracking furnace and consists of at least one heat exchanger, a convert-
ing plant and a carbon dioxide scrubber. The residual coke of the coal gasifier is fed to an iron bath gasifier and 
the exhaust gas of the iron bath gasifier is fed, via a heat exchanger plant together with a part of the hydrogen 
gas leaving the gas processing plant following the tube cracking oven, to a plant for producing chemical raw 
material. 

"Method For The Beneficiation, Liquefaction And Recovery Of 	 Coal And Other Solid Carbonaceous Materials,"
Lester C. Burgess, Robert C. ilagstrom, David C. Herman, Phillip E. McGarry - Inventors, Standard Oil Company, 
United States Patent 4,671,801, June 9, 1987. An integrated, continuous (or batch) process for the benefieiatlon 
and/or liquefaction of coal, especially low rank coals, is provided, the process generally involving admixing coal with 
an organic liquid medium under high shear agitation, further beneficiating the coal by admixing the same In on 
aqueous medium optionally containing o monomer and a polymerization catalyst therefor and subjecting the resultant 
coal product to further high shear agitation in the presence of certain organic liquid media to provide a liquefied 
coal extract product and a further solid coal product.	 Beneficiated solid and liquefied coal products are also
provided. 

"Low Rank. And Waste Coal Derived Fuel Compositions And Method Of Manufacture Of Such Compositions," Edmond 
C. Meyer, Lee G.M uyer - Inventors, Carbon Fuels Corporation, United States Patent 4,671,800, June 9, 1387. Coal 
char, preferably produced by the pyrolytic destructive thermal distillation in the absence of oxygen of carbonaceous 
materials selected from lignites, poets, low rank coals, and waste coals, is benefieiated, ground and sized and then 
is admixed in suitable proportions with a liquid organic fraction to form a combustible, liquid/solid fuel system 
which is a nonpolluting, stable, transportable, high energy fuel compositions. The lower rank coals and pests are 
mechanically und/or thermally dehydrated prior to pyrolysis. Waste coals are beneficiated prior to pyrolysis. At 
least part of the liquid organic fraction is obtained from the pyrolysis of the carbonaceous material. Dot'i the solid 
and the liquid portions can be used independently us fuel, or the solid/liquid fuel system can be fired directly. 
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since June, 1987) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EFRI) and United States Depart-
ment of Energy (DOE) (C-IS) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for 
filtration which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology develop-
ment at Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to 
produce a No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are 
removed in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more 
easily refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment 
in the second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconver-
sion, and (2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separat-
ing the process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic 
compounds in coal are removed between stages using Kerr-McGee's Critical Solvent Deashing unit before they can foul the 
catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coat into a clean-burning fuel that can be used for gen- 
crating electricity in combustion turbines and boilers. Distillable product yields of greater than 60 percent MAP coat were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MA?. This represents substantial improvement over single stage coal liquefaction processes. 

More recently, tests at Wilsonville concentrated on testing both types of coals with the deashing step relocated downstream of the 
catalytic hydrotreatment. Results showed that previous improvements noted for the two-stage approach were achievable (no loss 
in catalyst activity). Lower product cost was indicated for this reconfigured operation in that the two reactor stages may be 
coupled as part of one system. The results from the reconfigured operation also indicated the potential for further improvements 
in product quality and/or productivity through use of the coupled-reactor approach. This was confirmed in the latest test which 
used a truly coupled, two-stage thermal-catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The 
nickel based catalyst (AMOCAT 1-C) was developed by Amoco Corporation, a program co-sponsor. In that test, coal space 
velocity was increased by 60 to 90 percent over previous operations, while catalyst productivity doubled. Furthermore, an im-
proved configuration was developed and proven out, whereby only the net vacuum bottoms are deashed, thereby reducing the 
equipment size substantially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, additional thermal volume was used, 
resulting in a 61 percent MA? distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active 
second stage catalyst. The concept of using nickel based catalyst in both reactors is being tested in 1987. If successful, aged 
catalyst from one reactor could be cascaded to the other, reducing overall use. Catalyst addition and utilization can be optimized 
so as to increase productivity. 

Project Cost: Construction and operating costs (through calendar 1985): $97 million 

AECI AMMONIA/MEfl1ANOL OPERATIONS - AECI LTD. (C-li) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near 
Johannesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1,600 degrees C and atmospheric pressure to 
generate synthesis gas from sub-bituminous South African coat of low sulfur and high ash content. The ammonia plant, which 
utilizes conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs ICI's 
low pressure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 

A fluidized bed combustion system is presently being commissioned at the plant to overcome problems of ash disposal. The 
proposed system will generate additional steam, lower utility coal consumption, and reduce requirements for land for ash handling 
and burial.
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

AECI has successfully completed the piloting of a methanol 10 hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a route to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked DIESANOL by 
AECI. DIESANOL has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number 
of countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECT - The M. W. Kellogg Company; and United States Department of Energy (C-19) 

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (10CC) sys-
tem. The project, to be located in Pennsylvania, will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. 
One KRW gasifier operating in the air-blown mode will convert 485 tons per day of bituminous coal into a low-BTU fuel gas for 
use in an advanced combustion turbine generator. Steam generated from the combustion turbine exhaust and from the gasifier 
heat recovery system will be fed to a steam turbine generator. 

The 60 megawatt demonstration project wilt feature a hot gas cleanup system which delivers fuel gas at 1,000 degrees to 1,200 de-
grees F to the combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system uses in-bed desul-
furization 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-tired combined cycles. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program 

Project Cost: Not Disclosed 

BO1TROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, VEDA 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-65) 

During operation of the pilot plant the process improvements and equipment components have been tested. The operation of the 
large-size hydrogenation reactor with a volume of 15 cubic meters since March 1985 as an intermediate step toward industrial ap-
plication has led to an increased oil yield. In 1986 an integrated refining step was installed in the liquefaction process. By this 
new mode of operation, high-grade refined products are produced instead of crude oil. Furthermore, the oil yield is increased to 
55 percent. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohlc/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 

The coal oil plant Bottrop will run on coal until mid-1987 to test the integrated refining step to demonstrate a further increase of 
oil yield and specific coal throughput. The quality of the coal oil produced will be suitable to be fed into mineral oil refineries 
directly. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM750 million (by end-1986)
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STATUS OF COAL PROJECTS (Underline denotes changes since June 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

BRifISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Department of Energy, British Coal, Ruhrkohle (C-690) 

British Coal is building a pilot plant utilizing the Liquid Solvent Extraction Process developed in a small pilot plant capable of 
producing 0.1 Ion per day of liquids. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered 
to remove ash and carbon residue, followed by hydrogenation to produce a syncrude boiling below 300 degrees C as a precursor 
for transport fuels and chemical feedstocks. Economic studies, supported by Badger, Ltd. have confirmed that the process can 
produce maximum yields of gasoline and diesel very efficiently. Work on world-wide coals has shown that it will liquefy economi-
cally most coals and lignite and can handle high ash feed stocks. British Coal is proceeding with the design and construction of a 
23 tons per day plant at the Point of Ayr site financed by the British Coal with support from the European Economic Com-
munity. Limited private industry and British Department of Energy support is expected. Following a design phase carried out by 
Babcock Woodall-Duckham Ltd., construction started at the beginning of 1986, with Simon Carves Ltd., being the Main Plant 
Contractor. 

Project Cost: 
18 million British pounds (1986 prices) construction cost plus 18 million British pounds (1986 prices) operating costs 

BRITISH COAL LOW BTU GASIFICATION PROJECT - British Coal (formerly National Coal Board) (C-700) 

British Coal is developing a spouted fluidized bed gasifier to produce a low Ifl'U gas. When operated at atmospheric pressure 
the system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use ma combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work i currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
demonstration plant financed by British Coal and the European Community is being tested. The initial program will be com-
pleted early in 1987. A further two year program has been agreed with the EEC to be completed in 1989. Further assessment of 
the use of the gasifier in a combined cycle power generation system is now being undertaken prior to a decision to embark on 
pilot scale testing. 

Project Cost: Not disclosed 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

The Broken Hill Proprietary Company Limited has been investigating the production of transport fuels from coal via continuous 
hydrotiquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria. The current continuous processing 
unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the primary 
liquefaction reactor has a throughput of 3 kg slurry per hour, with a coat to oil ratio of 40:60, and employs reaction conditions of 
residence time ca 30 minutes, H 2 pressure Ca 25 MPa, and temperature ca 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage 1, if desired. Currently, oil yields of between 35% and 55% 
daf coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 con 3) 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 (SHDL) 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. Ex-
perimental studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and diesel 
fuel. Jet and diesel fuel combustion quality requirements (smoke point and cetane number) have been found to be the most dif-
ficult to achieve, for coal hydrogenation liquids. However, specifications are readily achieved by blending with petroleum products 
or the addition of ignition improvers. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As 
a result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing 
specialised analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) ad-
ministered by the Australian Federal Government. 

Project Cost: Not disclosed
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CAN DO PROJECT - Continental Energy Associates (C-85) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility is currently being converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the 
original facility and in new gasifiers will be used to fuel turbines to produce electricity. The electricity will be purchased by the 
Pennsylvania Power & Light Company over a 20 years period. Steam will also be produced which will be available to industries 
within Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility will be operated by the Continental Energy Associates. 

Project Cost: $5.5 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Company (C-90) 

In April 1977, Caterpillar announced plans to construct two, two-stage coal gasifiers at its York, Pennsylvania plant to fuel heat 
treating furnaces. Gas with a heating value equivalent to about 2.2 million standard cubic feet per day of natural gas could be 
produced. The plant is a two-stage, low-pressure system complete with gas cleanup. Plant construction began in September 1977. 
Construction of a gasifier for the East Peoria, Illinois, plant has been deferred indefinitely although the York installation is 
successful. Plant was completed June 1979, with start-up for debugging in September 1979. Due to an eleven-week strike in the 
last quarter of 1979 and some minor equipment changes that had to be made, debugging was not resumed until May 1980. Tests 
have been run on existing radiant tubes using producer gas with no adverse effect. The system operated from February 1981, un-
til the July vacation shut-down. After vacation, the system was started up but later shut down in September 1982 due to reduced 
production schedules. Stan-up date is not firm; depends on the price of natural gas and Caterpillar's production schedules. 

Project Cost: $5-1 million. 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-ISO) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continues 
to operate its chemicals from coal complex at design rates in 1987. The Texaco coal gasification process is used to produce the 
synthesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are 
produced as intermediate chemicals, and sulfur is recovered and sold. 

Project Cost: Unavailable 

CHIRIQUI GRANDE PROJECT - aasco Services Inc., United States State Department (Trade and Development Program) (C-
155)

Ebasco has delayed its plans to structure a $10 million, 18 month feasibility study of its 4 million tons per year methanol from coal 
project. The delay is indefinite pending improved resolution of trade issues between the United States and Japan combined with 
Japan clarifying its forecasts for future energy development. 

The project, to be located at Chiriqui Grande, Panama, would use either Texaco or British Gas/Lurgi slagging gasification and 
ICI methanol synthesis. A dedicated pipeline would transfer the methanol from the Caribbean side of Panama to the Pacific side 
for VLC tanker delivery to Pacific Rim countries. Feedstock is 20,000 tons per day of imported high-sulfur Illinois coal. The 
methanol product is slated for Japanese utility markets as a clean burning alternate fuel instead of direct firing of coal. The coal 
based methanol would be used in combined cycle power plants or for repowering existing units. The economics of coal based 
methanol firing in combined cycle units and the associated reduced environmental impacts highly favor such use. 

Project Cost: $10 million (study) 
$3.2 billion (project) - 1984 dollars
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COALPLEX PROJECT - AECI (C-190) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes 
include calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and water, brine 
electrolysis to make chlorine, hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC. Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed 

COCA-I PROJECT - Coal Gasification, Inc. (C-195) 

The COCA-i project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over i million tons of coal per year and will produce 500,000 tons of ammonia and 500,000 tons of urea per year. It will usc the 
U-Gas coal gasification system developed by the Institute of Gas Technology (101). When completed, the COCA-i plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SEC 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 COCA-i in an attempt to move the 
$600 million project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, 
and the Norwegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $600 million 
COOL WATER COAL GASIFICATION PROJECT - Participants (Equity Owners): Bechtel Power Corporation, Electric Power Re-
search Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and Texaco 
Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal Gasifica-
tion Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General Electric com-
bined cycle unit to produce approximately 120 megawatts of gross power. The California Energy Commission approved the state 
environmental permit in December 1979 and construction began in December 1981. Plant construction which took only 23 years, 
was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A five-year 
demonstration period is underway. Once the first stage (demonstration) of the program is completed in June 1989, Southern 
California Edison plans to undertake commercial operation of the facility if the economics are favorable and permits for con-
tinued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their current commitment is $69 million. Bechtel Power Corporation was selected as the prime 
engineering and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 
million to the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 mil-
lion to the Project, GE will be the supplier for the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo 
Electric Power Company, Central Research Institute of the Electric Power Industry, Toshiba COP Corporation and IHI Coal 
Gasification Project Corp. signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. 
ESEERCO and Sohio Alternate Energy Development Company are non-equity contributors to the project, having signed con-
tributor agreements on January 20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million 
project loan with a $6 million in-kind contribution by SCE of facilities at SCE's existing generating station in Daggett, California 
completes the $263 million funding. 

A supply agreement was executed with Airco, Inc. on February 24 2 1984 for Aireo to provide "over-the-fence' oxygen and 
nitrogen from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the 'credit elsewhere' test (the 
SEC believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price 
support under the SEC's second solicitation which ended June 1, 1982. On September 17, 1982, the 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 
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for the project. On July 28, 1983 the Board of Directors or the SFC voted to approve the final contract awarding the price 
guarantees to the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully com-
missioned in April 1985. 

A Utah bituminous coal will be utilized as "the Program" coal and will be burned at all times that the facility is not burning an al-
ternate test coal. The Program will test up to 8 different coal feedstocks on behalf of its Participant companies. 

Thus far, a 32,000 ton Illinois No. 6 coal test (nominal 33 percent weight sulfur) and a 21,000 ton Pittsburgh No. 8 coal test 
(nominal 2.0 percent weight sulfur) have been completed. Energy conversion rates and environmental characteristics while run- 
ning the high sulfur coal are essentially the same as those observed while burning the low sulfur Utah bituminous. An Australian 
High Ash Fusion Temperature Coal will be tested in early 1988. 

The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the lust com-
bined cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test 
was successfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through July 1987 the gasifier has been on-line for more than MAW hours, gasifying over 683.000 tons of coal (dry basis). 
Approximately 
1.6 billion gross kWh of electricity have been produced. 

The plant is often referred to as "the world's cleanest coat-fired utility plant with operations data reflectitig NOx emissions of 
0.061 pounds per million BTU; sulfur dioxide emissions of 0.034 pounds per million BTU (97 percent removal), and particulate 
emissions of 0.0013 pounds per million BTU. These emissions avenge about one-tenth of the allowables under the United States 
Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

Project Cost: $263 million 

CYCLONE COMBUSTOR DEMONSTRATION PROJECT - Coal Tech Corporation, Pennsylvania Power and Light Com-
pany, Southern California Edison Company, State of Pennsylvania Energy Development Authority, and United States Department of 
Energy (C-231) 

This proposed project is for a 900 hour test to demonstrate the performance of an advanced, air-cooled, cyclone combustor with 
dry pulverized coal. Two Pennsylvania bituminous coals, containing 2 percent and 3 to 4 percent sulfur, will be tested to demon-
strate that this advanced combustor is capable of burning a variety of United States coals in an environmentally acceptable man-
ner. The technical performance objectives of the proposed project are to demonstrate: (1) 90 to 95 percent coat ash retention in 
the combustor (and subsequent rejection), (2) NOx reductions to 100 ppm or less, (3) sulfur dioxide emission reductions of 70 to 
90 percent, and (4) combustor durability and flexibility. 

The combustor can be adapted to new as well as retrofit boilers; it can be used for converting oil- and gas-designed boilers to 
coal; and it has industrial and utility applications. The Coal Tech Corporation has installed a 30 million BTU per hour (1 ton per 
hour of coal) combustor at the Keeler Boiler Company/Doff-Oliver site in Williamsport, Pennsylvania, where a 23 million BTU 
per hour D-tube package boiler designed for oil is available. The 24 month demonstration project will be performed on this 
boiler. On completion of this test effort, then combustor will be offered for commercial use on industrial oil and coal-fired 
boilers. Initial testing of the combustor with a coal/water slurry fuel began in March 1987. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. The four private sector and 
state sponsors will contribute 50 percent of the project cost. 

Project Cost: Not disclosed 

DOW SYNCIAS PROJECT - Dow Chemical Company, Louisiana Gasification Technology, lnc.(C.245) 

The Dow Syngas Proiect began commercial operations in A pril, 1987, operating at rates up to 70 percent of capacity. It has made 
syngas and used it in Dow's Westinghouse gas turbines to make power for Dow's Louisiana Division plants. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per day of medium BTU gas. The 
process uses Dow-developed coat gasification technology to convert coal or lignite into medium BTU synthetic gas. 
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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 price guarantees from the United States Synthetic Fuels 
Corporation for $620 million in price guarantees for the project. 

Project Cost: $75,000,000 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-2S0) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con- 
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carbon dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced 
position. $20 million has been spent, and 12 years have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation is scheduled to release the final Environmental Statement in 1987. The Federal Water Service Contract is expected 
to be approved in 1988. Operation of Phase I of the project is scheduled to begin in 1994. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil reserve. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 

The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur 
from the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity fol-
lowing mining. Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Beulah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas 
coproduced. 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Beltin- 
gham, Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) begin-
ning in 1990 and mechanical construction beginning in 1991 on a facility producing at one-half the full capacity. Commercial 
operation of this phase of the project is scheduled for 1994. Construction of the remainder of the facility is scheduled to begin in 
1993 and to be in commercial operation in 1996. This schedule is subject to receipt of all permits, approvals, and certifications 
required from federal, state, and local authorities and upon appropriate market conditions for methanol and other products from 
the proposed facility. 

Project Cost:	 $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

EI3ULLAThD BED COAL/OIL CO-PROCESSING PROTOTYPE - Ohio Ontario Clean Fuels Inc., Stearns Catalytic Inc., FIR! 
Inc., Ohio Coal Development Office, and United States Department of Energy (C-253) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. This plant will convert high 
sulfur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
I-flU, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both 
are simultaneously converted to clean distillate fuels. A typical' C4-975 degrees F distillate fuel will contain 0.1 percent sulfur 
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and 0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 
11,750 barrels per day of distillate product. Startup of the plant is slated for 1990. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $2173 million 

FLASH PYROLYSIS OF COAL WITH REACI'IVE AND NON-REACTIVE GASES - Brookhaven National Laboratory and 
United States Department of Energy (C-340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with reactive and non-reactive 
gases. The result of this task is to establish a reliable data base for the rapid pyrolysis of coal over a range of reaction conditions 
which will be useful for development of processes based on these techniques. The yields and distribution of products are being 
performed in an entrained tubular reactor. The independent variables investigated include type of coat, process gas, pressure, 
temperature and residence time. Other independent variables include coat particle size and gas-to-solid feed ratio, The non-
reactive gases being investigated include the inert gases, He, N, and At chosen for their wide range of physical properties. The
reactive gases include H,, CO, [1,0 and C11 4 chosen because tfiey are usually produced when coal is pyrolyzed. The light gas and 
liquid analyses are perf6rmed with an on-line gas chromatograph and the heavier liquids and solids are collected at the end of a 
run to obtain a complete mass balance. The data is reduced, correlated, and applied to a kinetic model. The results indicate that 
there is a correlation of increasing hydrocarbon yields with heat transfer film coefficient depending on the type of gas used. The 
reaction of methane with coal indicated significant increases in benzene and ethylene yields. The process has' been termed 'flash 
methanolysis." Work on the program has been completed and a final report written. 

A new program has been initiated on mild gasification of coal to heavy oils and tars at milder process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. Preliminary experiments have been completed on the tubular reactor with 
a Kentucky No. 8 bituminous coat using a nitrogen sweep gas. A test matrix has been designed to obtain the process chemistry, 
yields and characterization of liquid product over a widerige of temperature (500 to 750 degrees C), coal particle residence time 
(10 sec to SO mm), heatup rate (50 degrees C/sec to iT degrees C/sec) coal particle size (50 to 300 microns) and additives 
(slaked lime, recycle ash, silica flour, recycle char). 

Project Cost: $200,000 

FULARJI LOW BTU GASIFIER - The M. W. Kellogg Company and the Ministry of Machine Building Industry of the People's 
Republic of China (C-375) 

Kellogg's KRW gasification process has been selected by the Ministry of Machine Building Industry in the People's Republic of 
China, for application at their First Heavy Machinery Works located in Fularji, Iteilongjiang Province. The gasifier will utilize a 
local lignite coal to produce a medium heating value industrial fuel gas for use at this plant. 

The First Heavy Machinery Works is the largest heavy machinery plant in Asia. The initial plant was designed and built in the 
mid-1950s and has been expanded several times. Currently the plant employs approximately 17,000 people. 

The Fularji plant utilizes a large quantity of fuel gas, primarily for their foundry, heat treating furnaces, etc. A seties of 25 Rus-
sian designed fixed bed gasifiers has been built. 
In March 1986, a contract was signed by Kellogg and the Ministry of Machine Building Industry to construct a KRW gasifier at 
the Futaiji First Heavy Machinery Works. Once proven, additional fluidized bed gasifiers will be installed to replace all of the ex-
isting f

i
xed bed gasifiers at the Fulaiji plant. 

The project is envisioned to proceed in two phases. During Phase I, a single test gasifier will be installed to finalize design 
parameters at full scale and to verify Chinese equipment supply. Phase It would include the installation of additional gasifiers and 
other auxiliary facilities (waste water treatment, etc.). The project is currently in the detailed engineering and procurement phase 
with completion of construction in 1988. This early date will be the first commercial scale operation of Kellogg's KRW gasifier. 

The split of responsibility for Phase I is as follows 

Kellogg has completed all basic engineering services including process design and analytical engineering, with detailed 
design of the gasifier to permit fabrication and construction by the First Heavy Machinery Works. Kellogg is also providing 
specialized components of the gasifier and instrumentation not available in China and advisory services during construction, 
startup, and testing. 

The First Heavy Machinery Works will complete the detailed design of Phase I (except the gasifier) and will fabricate or 
supply and erect all equipment. The First Heavy Machinery Works will also provide all necessary operating and main-
tenance manpower and materials necessary for startup and test operations. 
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Each KRW gasifier at Fulaiji will produce 140 million BTU per hour of fuel gas with a lower heating value of 144 BTU per 
standard cubic foot. A single gasifier operating at a pressure of 300 psig, will produce the fuel gas required for Phase I. 

Project Cost: Not disclosed 

GASIFICATION ENVIRONMENTAL STUDIES - University of North Dakota Energy Research Center (C-390) 

The University of North Dakota Energy Research Center (UNDERC) has onsite an oxygen-blown fixed-bed gasifier that is 
capable of operating on lignite. The slagging fixed-bed gasifier (SFBG) pilot plant provides a large-scale source of lignite-derived 
effluents for subsequent characterization and treatment studies. The ability to produce "representative samples" for treatment 
testing from lignite is critical, because lignite will be the feedstock for a number of the first-generation synfuels plants. 

The goals of work at UNDERC are to develop public environmental data of effluent characteristicsneeded to satisfy permitting 
and siting requirements, and proof of concept on advanced control technologies for fixed-bed gasification of lignite. The principal 
area of uncertainty when research activities should be focused centers around the cooling tower. The most cost-effective ap-
proach is to feed water directly from the extraction/stripping units to the cooling tower, without intermediate biological treat-
ment. This wastewater, however, contains several thousand milligrams per liter of COD after phenolics and other organics are 
reduced to low levels. The behavior of these previously uncharacterized species in a cooling tower with respect to drift, further 
biological activity, and associated fouling, and their effects on the solubility of dissolved solids is unknown. 

To establish the effect of various degrees of pretreatment, UNDERC has installed wastewater treatment process development 
units which simulate commercially available technology. During the first phase of the program, wastewater was processed by sol-
vent extraction and ammonia stripping before being fed to a cooling tower to simulate the processes to be employed at the Great 
Plains Gasification Plant (GPGP). In the second phase, wastewater pretreatment was enhanced by the inclusion of activated 
sludge as processing, followed by granulated activated carbon (GAC) adsorption, in addition to extraction and stripping, before 
feeding the cooling tower. Phase II testing was intended to demonstrate that aqueous gasifier effluent can be used successfully as 
makeup to a cooling tower, provided adequate pretreatment has been performed. 

Results from Phase I testing indicated that minimally treated gasifier wastewater used without corrosion inhibitor and biocide ad-
dition is not a suitable feed for a cooling tower operating at 10 cycles of concentration. After operating the tower at 10 cycles for 
50 days, severe fouling was noted on heat exchanger surfaces. Corrosion rates of 10 to 15 MPY were noted for carbon steel, as 
well as severe pitting (4 to 6 mils deep in the 50 day test). Results from exhaust sampling indicate a significant portion of the 
phenol and ammonia in the makeup water (91 and 81 percent, respectively) were stripped into the atmosphere. Twenty-one per-
cent of the methanol was also stripped. 

Phase II biotreatment of the pretreated (solvent extracted, ammonia stripped) gasifier liquid has been successful. The pilot ac-
tivated sludge unit had a mean BOO reduction of 96 percent and the system displayed good resiliency. Stripped gas liquor further 
treated by activated sludge (AS) and granular activated carbon (GAC) was used as cooling tower feed in Phase II. Following 
these pretreatment steps, this water had a very low organic loading of approximately 150 milligrams per liter of COD. The 
Phase If test was terminated April 30, 1984, after a 39 day run. Excessive corrosion rates and flow restrictions were the primary 
factors in the decision to stop the proposed 50 day test. The corrosion and fouling problems experienced in the Phase II test 
provide evidence that AS and GAC treated liquor cannot be used as cooling tower makeup without the addition of an appropriate 
corrosion inhibitor. 

A 50 day Phase III cooling tower test was performed using AS and GAC treated liquor from slagging gasification with addition of 
a zinc-chromate corrosion inhibitor and a polyphosphonate solids dispersant. Using zinc and chromate dosages of 10 ppm in the 
cooling water, carbon steel corrosion decreased to approximately 25 percent of the rates observed in the Phase II system without 
corrosion inhibitor. At temperatures of 80 degrees to 90 degrees F, carbon steel corrosion did not exceed 7 MPY. Corrosion 
rates less than I MPY had originally been anticipated with the inhibitor dosages used in this system. However, analysis of zinc, 
chromium, and phosphate levels in the cooling water and in deposits showed evidence of polyphosphonate degradation. Because 
of this degradation, polyphosphonates were not able to stabilize zinc ion in the alkaline cooling water or effectively disperse solids. 

In order to determine water-specific effects of cooling tower wastewater reuse, a Phase IV test was performed using stripped gas 
liquor (SGL) generated at the Great Plains commercial lignite gasification plant in Beulah, North Dakota. This water had been 
treated by processes similar to those used in pre-treatment of the slagging gasifier wastewater used as makeup for the previous 
Phase I test. The GPGP SQL contained phenol, fatty acid, and ammonia concentrations of 20 ppm, 700 ppm, and 1,300 ppm, 
respectively. In comparison, the SGL makeup used in Phase I contained roughly 150 ppm phenol, 300 ppm fatty acids, and 
500 ppm ammonia. The average rate of heat transfer coefficient loss for carbon steel heat exchanger tubes was four times lower 
in Phase IV using GPGP SGL than in Phase I using slagging gasification SGL Deposit accumulation in these tubes was also sig-
nificantly slower, 1.0 gram deposit per square meter per day in Phase IV as compared to 95 grams deposit per square meter per 
day in Phase I. The microbial population maintained in the the Phase IV system (3 x 100 million per milliliter) was two orders of 
magnitude higher than that maintained during Phase I; this was found to be directly attributable to the high concentrations of 
biodegradable organic acids in GPGP SGL and the presence of sufficient phosphate for bacterial growth. Carbon steel corrosion 
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in the Phase IV system was less severe than in Phase I. Rates varied from 5 to 12 mpy, and corrosion was primarily the result of 
localized under-deposit attack. The fraction of phenol air-stripped into the atmosphere was similar in Phases I and IV. In both 
cases, 90 percent of the phenol entering the system was detected in the exhaust. 

Treatment of GPGA SGL in a pilot scale three-stage rotating biological contactor has been completed. Five day biochemical 
oxygen demand (BOD5) loading rates tested were 0.9, 1.8, 3.1, and 3.4 pounds BODS per 1,000 square feet of disc surface area. 
The mean BOOS removals through the three-stages were 95.6, 943, 95.1, and 93.3 percent, respectively. Nitrification was achieved 
only when the pH was lowered from the typical 9.0 to 10.0 to 7.6. 

PDU scale nitrification and denitrification testing of activated sludge treated GPGA SGL has been completed. Solids retention 
times (SRI) of 37, 21, and 12 days were used for determination of the kinetics of nitrification using complete mix suspended 
growth reactors. Denitrification was demonstrated with a 10 day SRT and methanol addition. Ammonia-N removals for nitrifica-
tion at all SRi's were equal to or greater than 97 percent at a mean influent concentration of 523 milligrams per liter r4113-N. 
Denitrification was complete at the influent nitrate-N concentrations of 750 milligrams per liter. 

The Phase V cooling tower test was recently completed using biologically treated GPO? SOL and chemical additives. The SGL 
was treated by the activated sludge process producing an effluent with the following composition: RODS, 50 milligrams per liter, 
COD, 625 milligrams per liter, and ammonia, 800 milligrams per liter. The additives consisted of Calgon pHreeGUARD 
corrosion/scale inhibitor at 10 ppm in the makeup and Calgon 11-510 isothiazolin biocide in slugs of 100 plain in the basin. The 
corrosion rates ranged from less than Ito 13 MEY for all metallurgies (carbon steel, 304L 55, 316 55, Admiralty and brass) un-
der all conditions of flow and temperature tested. No significant biofouling, decreases in heat transfer, or decreases in pressure 
drop were observed. Greater than 94 percent of the influent ammonia was stripped to the atmosphere. No air stripping of or-
ganics was detected. No process problems of any kind were noted during this phase of testing. 

Project Cost: $1.6 million for annual research Year 2 
(April 1984-April 1985) 

$0.9 million for annual research Year 3 
(April 198$-June 1986) 

$0.16 million for annual research Year 4 
(April 1986-April 1987) 

(JFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
(JfK Gesellsehaft fur Kohleverfiussigung Mbl-I (C400) 

Until 1984 (JfK Oesellschaft fur Kohleverfiussigung MbH, a subsidiary of Saart,ergwerke AG, has dealt with the single stage, 
severe hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expen-
sive low ash-coals can be processed. 

For this reason since 1984 (JfK has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
$US1 per gigajoule competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild hydrogena-
tion in the first stage followed by hydropyrolysis of the residue in a second stage. 

At present, activities are directed toward a data base to design a pymlizer for the 6 tonnes per day liquefaction unit. Data to plan 
a large demonstration plant are expected to be available by the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy (C-420) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate 
the facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans 
called for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed 
the project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasifica-
tion Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the 
FERC decision. In January 1981, the project was restructured as a non-jurisdictional project with the SNG sold on an unregulated 
basis. In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly ac- 
cording to increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of 
other competing fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced 
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that a subsidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's in-
terest and 23 percent from Transco. 

Putt scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification 
plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate 
natural gas system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The 
project sponsors were generally committed to providing one dollar of funding for each three dollars received under the loan 
guarantee up to a maximum of $740 million of equity funds. 

The project, produces an avenge 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 thy of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANG Coal Gasification Company. The plant has successfully operated throughout this period and 
earned revenues in excess of operating costs. For the period January through June 1986 the plant produced an average of 
1373 million standard cubic feet per day of high BTU substitute natural gas (100 percent onstream factor). The gas is marketed 
through a 34 mile long pipeline connecting the plant with the Northern Border pipeline running into the eastern United States. 

In parallel with the above events, DOE/DOJ filed suit in the United States District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On 
January 14, 1986 the North Dakota Court found: 

That state law is not applicable and that plaintiffs (DOE/DOJ) are entitled to a summary judgment for foreclosure. A 
foreclosure sale was held on June 30, 1986, and DOE obtained legal title to the plant and its assets. This decision was 
upheld by the United States Court of Appeals for the Eighth Circuit on January 14, 1987. 
The defendant pipeline companies are liable to the plantiffs (DOE/D03) for the difference between the contract price and 
the market value price and granted the motion for summary judgment determining the validity of the gas purchase contract. 
The pipeline companies have paid all past due amounts. This decision is currently under review by the United States Court 
of Appeals for the Eighth Circuit. 

DOE is continuing to evaluate various options for disposition of the plant. 

Project Cost: $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX - Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 

AEVAL, a Greek state-owned company, is planning to replace its lignite gasification and ammonia plants at its existing fertilizer 
complex, near Ptolemais, Greece. 

Following a 5,000 tonne full-scale industrial test of Greek xylitic type lignite conducted by TECI-INOEXPORT, a Czech state-
owned company, at an existing gasification plant near Usti Czechoslovakia, TECHNOEXPORT has submitted an offer for the gas 
production part of the complex. The technology offered is a fixed-bed gasification technology. 

AEVAL engaged Lummus Crest Inc. (USA) as a technical and economic consultant in order to conduct a detailed feasibility 
study and evaluate the TECHNOEXPORT proposal. After the completion of the feasibility study, AEVAL has decided to 
proceed with the project on the condition that a financial grant will be obtained under Greece's investment incentive laws and has 
applied to the competent authorities for its approval. 

The final processing scheme selected would produce 380,000 metric tons per year of ammonia of which about 70,000 metric tons 
per year would be sold to a nearby customer and the remaining would be used in the existing fertilizer facilities and in a new 
1,000 metric tons per day urea plant. 

Project Cost: $480 million 

HUENXE CGT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (CGT) GmbI-I, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C472) 

CGT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The CGT coal gasification concept consists of the combination of two principal processes of coal gasi-
fication in a specially developed reactor. The characteristic feature of the CGT Process is the integrated fluidized bed and dust 
gasification stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the 
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gasification media (steam and oxygen) through side nozzles. The unconverted lines exit the reactor with the 1,000 degrees C hot 
product gas and are separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The 
coke dust is then fed to the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled com-
bustion chamber. The product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the com-
bustor flows down into the fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained 
flow gasification under pressure leads to a higher specific throughput capacity with simultaneously higher efficiency. The produc-
tion 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, construc-
tion, and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction 
and operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the com-
ponent test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage 
were erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage 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 Huenxe. The test 
work comprises a conceptual test program to the end of 1986. After bringing the facility on line and operating the combined 
fluidized bed with entrained flow gasification, the complete working of the test facility with a reference coal will be carried out 
over the entire operating range. In the following test phases the suitability of different feed coals will be checked out. In connec-
tion with the systematic test program, gasification tests with client coals for specific applications are planned. 

Project Cost: Not disclosed 

JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-SOS) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification 
technology. NEDO plans a continuing high level of investment for coat liquefaction R&D, involving two large pilot plants. ]is 
construction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 250 tons per 
day bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled 'Victoria Brown Coal Liquefaction Project.' The properties of 
brown coal and bituminous coal are so different that different processes must be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had 
been operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extrac-
tion, direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so 
called NEDOL Process, and NEDO has intended to construct a 250 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 atm 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 com pleted. It is expected that the pilot plant will start operation in 1991 

Project Cost: 100 billion yen, not including the three existing PDU 

KANSIC-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C495) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KATEK to test a catalytic hydrogenation process. Construction 
of the unit began in 1982. Start up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
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.
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A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovslcaya 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 ST-5 was to occur 
in 1984. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-518) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelrnan and developed further by SRI International. In the K-Fuel 
process, low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at 
a pressure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 
60 percent more energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas from 
the process is utilized on site to provide the needed heat for the process. The proposed facility will utilize 4 modules each 
capable of producing 350,000 tons per year of K-Fuel. Wisconsin Power and Light has agreed to a 10-year purchase agreement 
for "a substantial portion" of the output of the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River gen-
erating station near Debit in south-central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost 
of production, which has yet to be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power 
and Light has the option to invest in the process. The project has been delayed in obtaining long-term financing, but plans to 
resume construction in late 1987. 

Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cost: $90 Million 

KILnGAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, United States Department of Energy, Electric Utility 
participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power Company, Monongahela Power 
Company, Ohio Edison Company, The Potomac Edison Company, Union Electric Company, West Penn Power Company (C-520) 

The KILnGAS process is based on Allis-Chalmer's extensive commercial experience in rotary kiln, high temperature minerals 
processing. A 600 tons per day KILnGAS Commercial Module (KCM) has been installed near East Alton, Illinois adjacent to Il-
linois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard cubic foot) gas to the Wood 
River station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. Construction management was provided by 
J.A. Jones Construction. Scientific Design contributed to the process design. 

The KCM includes a pressurized gasifier which is a 170 foot long by 12 foot diameer rotary kiln. Coal, transported through the 
gasifier by inclination and rotation of the kiln, is progressively dried, pre-heated, and devolatilized by counterfiowing hot gases. 
Air and steam is injected through a unique system of ports located along the length of the gasifier and reacts chemically with 
carbon in the hot coal to form hydrogen and carbon monoxide, the primary combustibles in low-BTU gas. The gas, which leaves 
by both the feed and discharge end of the gasifier, is cooled and passed through a sulfur removal process. Particulates and tars, 
which are rich in carbon, are separated from the gas and recycled to the gasifier to improve carbon conversion efficiency. 

The objectives of the KILnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain data to 
confirm processdesign; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base 
to proceed with design of commercial plants in the 2,000 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM has undergone performance testing, demonstration runs, and is 
currently in the first phase of a Reliability, Availability, and Maintainability Program, RAM I. The more significant accomplish-
ments to date are: (a) high-sulfur Illinois col has been successfully gasified; (b) an Illinois Power Company boiler has been 
successfully fired from KCM-generated gas; (c) carbon conversion efficiencies exceeding 90 percent have been achieved; (d) an 
average of 90 percent total sulfur removal has been accomplished; (e) a wide range of performance, reliability, availability and 
maintainability improvements has been designed, installed, commissioned, and is undergoing evaluation testing as part of RAM I; 
(I) excellent winter startup and cold weather operating experience under RAM I has been gained for commercial design use. 

The RAM I program concluded in April 1986. A second Phase, RAM II, will extend the program through mid-1987. Total fund-
ing for the program, through Ram I is shown as follows. Funding of $14.91 million for RAM II has been appropriated by 
Congress to match continuing support from electric utilities and the State of Illinois; federal funds are administered through the 
United States Department of Energy.
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Funding through RAM lID: 
Electrical Utility	 $46.0 million 
State of Illinois	 35.8 million 
Allis-Chalmers	 114.4 million
United States Department of Energy 17.7 million 
EPRI (testing only)	 5.8 million 

Total	 $219.7 million 

K011Ll3 IRON REDUCTION PROCESS DEMONSTRATION PROJECT - Weirton Steel Corporation and United Slates 
Department of Energy (C-543) 

This project will involve a demonstration of the Kohle Reduction process which was developed by Korl Engineering (a Federal 
Republic of Germany company). The process replaces the two-step coke oven/blast furnace approach to producing pig iron from 
iron ore and metallurgical coal with an integrated two component oxygen-blown blast furnace system capable of operation on a 
variety of United States coals. The system consists of an upper "reduction shaft" and a lower "melter-gasifier' component. Iron 
ore, along with an appropriate flux (e.g., limestone), is fed into the top of the reduction shaft where it is reduced to sponge iron 
by the off-gas from the lower melter-gasifier section. The lower section is an oxygen-blown fluidized bed coal gasifier. In this sec-
tion the sponge iron is melted and the resulting pig iron and slag are separated and tapped as in a blast furnace. The 
low/medium-BTU, sulfur-free off-gases from the process (sulfur is captured by the limestone and remains in the slag) are 
scrubbed to remove particulates and are available for site use. 

The Kohle Reduction process has been tested in a 66,000 tons per year pilot plant using a wide range of coals and iron ores. The 
proposed project calls for the design and construction of a 330,000 tons (iron) per year demonstration plant at the Weirton Steel 
plant in Weirton, West Virginia. The plant will operate on a variety of United States feedstocks. A plant of the same technology 
and size in South Africa is to be completed in late 1987. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. Weirton Steel intends to fund 
nearly 65 percent of the cost of the project. 

Project Cost: Not disclosed 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENER-
ATION -The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-980) 

In April 1984 Westinghouse sold controlling interest in the Synthetic Fuels Division and its coal gasification technology to Kellogg 
Rust Inc.; the new name is KRW Energy Systems Inc. DOE awarded a $27 million contract to KRW Energy Systems to fund 
continued development of the KRW coal gasifier. KRW is contributing $6.7 million to the 32-month effort, which is being con-
ducted largely at the Waltz Mill test facility southeast of Pittsburgh, Pennsylvania. The present program will focus on linking the 
25 tons per day gasifier to an advanced hot gas cleanup system for applications to integrated coal gasification combined cycle 
power generation. The hot gas cleanup technology being tested is a process developed at DOE's Morgantown Energy Technology 
Center using regenerable zinc ferrite to absorb hydrogen sulfide. Other components of the program include a study of hot par-
ticulate removal and in-bed sulfur removal by injecting limestone. 

The KRW coal gasification pilot plant, located at the Waltz Mill Site near Pittsburgh, Pennsylvania has been in operation since 
1975 and has accumulated more than 10,000 hours of hot operation with a broad range of coals. The range of coal types includes 
highly caking eastern bituminous, western subbituminous, and lignites, high ash and low ash, high moisture and low moisture. 

The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psig, with air feed 
to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
per day, depending on coal type. 

Several commercial demonstration projects are currently being evaluated for application of the KRW coal gasification system to 
various industrial and utility applications. Included is the Appalacian Project which is to be located in western Pennsylvania in-
volving a coal gasification combined cycle facility. The first commerical-scale operation of KRW gasification will take place in the 
Peoples Republic of China at Fulatji in northeast China. (See the Fularji Low-BTU Gasifier project). 

Project Cost: Not disclosed
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LAPORTE LIQUID PHASE METI-JANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-550) 

Air Products is testing a S tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored 
by the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the 
process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. 
The oil acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more 
concentrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio 
gases without the need for synthesis gas shift to produce more hydrogen. While the technology is particularly suitable to syngas 
derived from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per 
day with a total production of approximately 165 tons of methanol (50(100 gallons). The plant, including the slurry pump and a 
specially designed pump seal system, operated very reliably during the run. 

A 10-day test in July 1985 was conducted at higher catalyst concentrations (35 to 45 weight percent). The unit was operated with 
balanced gas for 1 day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent operability with 100 percent 
on-stream reliability, but catalyst activity maintenance was somewhat lower than laboratory predictions. 

Additional laboratory research is currently underway, while operation of the unit is expected to begin again in 1988. 

The next step is scale-up to a larger unit. TVA's facility at Muscle Shoals, Alabama, where actual synthesis gas from a Texaco 
gasifier could be used, is a potential host site. 

Project Cost:	 DOE: $25.6 million 
Private participants: $3.8 million 

LEC COAL LIQUEFACTION/COGENERATION PLANT - SC! International (C-557) 

SGI 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 SQl International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, SQl's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-an 
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. 
5(11 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 Lit 
Cogeneration Plant. Site work is scheduled to commence in the spring of 1988 with the entire facility complete by late-1989. 
Once in full operation, the facility will employ a staff of 30 to 35. 

Project Cost: See above 

LIBIAZ COAL-TO-METHANOL PROJECT - Krupp Koppers and KOPEX (C-568) 

Erection of a coal gasification project in Poland is to resume in 1987. The plant is to be built by Krupp Koppers at Libiaz in 
southern Poland. Equipment for the plant has been stored at Libiaz for several years. The project, which began in 1980, has been 
stalled due to 'political difficulties' in Poland. 

The Libiaz project will reportedly use approximately I million metric tons per year of high sulfur coal. Synthesis gas produced by 
the Koppers-Totzek (1(T) technology will be utilized to produce methanol. 

Project Cost: Not disclosed
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LuLEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - lU-iD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

KI-ID and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal 
gasification processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, 
Sweden at the country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant will be designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C. Potential advantages of the technology include 
simple coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in early 1987, the Lu Nan 
modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of 
Energy (C-622) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing I ton per day of coal or coal waste. Under the spon-
sorship of the United States Department of Energy (DOE), UCC has developed a process that is primarily aimed at recovering 
the energy value contained in wastes from coal cleaning plants. To utilize this waste, UCC developed a mild gasification/coal liq-
uid extraction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas- Phase II continues 
under the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development 
of the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program will undertake the 
following., 

Developing a more detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducting the extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Testing char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces. 

Evaluating the coal liquids as a home heating fuel. 

Distilling the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications. 

The process demonstratin unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cost: Not disclosed 

MONASH HYDROLIOUEFACflON PROJECT - HP United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a 
major investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and continuous hydrogenation in 
a bubble column and a stirred tank reactor are being conducted.
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COMMERCIAL AND R&D PROJECT'S (Continued) 

BP United Kingdom Ltd. is continuing to fund for an additional two years a collaborative research project with Monash Univer-
sity on brown coal conversion using synthesis gas. Substantial funding for the continuous flow research has been provided by the 
Australian Government's National Energy Research, Development and Demonstration Council. The batch autoclave work has 
been largely supported by the Victorian Brown Coal Council. 

Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions shows enhanced 
activity for hydrogenation in tetralin compared with untreated coal. The Moorish studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed me-
tal system. Mossbauer studies are helping to understand the role of iron and tin in the early stages of reaction. Other mixed me-
tal systems, some with an iron base, are also showing good catalytic activity. The studies have now been extended to the use of 
coal-derived solvents rather than tetralin. 

The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at I to 2 liters per hour 
of coal slurry using tetralin as the vehicle solvent in the presence of hydrogen gas. This unit is providing data on the effects of 
temperature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable 
quantities of products for further studies. Coupling of the two reactors in series has been achieved and conversion studies began 
in coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS— Foal, Bacon & Davis; Mountain Fuel Resources, Inc;; United States 
Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high temperature, 
oxygen blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 2,800 degrees F), and 300 psig. The 
plant produces 2 million cubic feet per day of 300 BTU gas. Both radiant and convective heat exchangers are used to recover heat 
from the process. 

An $8.9 million, 52 month cost-sharing contract was awarded. Construction was completed in October and start-up tests started 
in November 1982. The unit has been running on coal since February 1983, conducting component and process evaluation tests. 
Coal variation tests, sustained operation tests, and all experimental works were completed in November 1984. The project was 
completed and the final report issued to DOE in April 1986. 

Project Cost: $8.9 million 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-705) 

The NSI gasifier has been installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. Production of 30 million 
BTU per hour low-BTU gas is expected from lignite feedstock. NSl technology uses a multi-stage gasifying process, physically 
segregating steps for fuels drying/devolatilization, char gasification, and thermally cracking pyrolysis tars and oils. The gasifier 
was to start up during April 1984, with full operation anticipated by year end. However, a number of mechanical problems 
prevented full startup in 1984. Recent tests and operation indicate 150 BTU per standard cubic feet gas can be available. Further 
development is still in progress. 

Project Cost: $2 million 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-710) 

Energy Transition Corporation (ETCO) has proposed a coal pyrolysis project to be built in northwest New Mexico. The proposed 
plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 20,000 tons per day of coal into crude oil and 
char. Coal for the project would be supplied by Utah International's Navajo Mine, and product char would be used at nearby 
electric power generation plants. A study conducted by ETCO for the New Mexico Energy Research and Development Institute 
indicated the plant would achieve a favorable economic return at $2850 per barrel for product oil and $1.25 per million 131'U for 
coal/char.
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Tests using the Navajo coal welt conducted in a modified synthane POU operating at hydrocarbonization conditions at DOE's 
Pittsburgh Energy Technology Center during January 1985. ETCO is seeking additional equity partners for the project. 

Project Cost: $770 million 

NYNAS ENERGY CHEMICALS COMPLEX - AdA, A. Johnson & Company, and the Swedish Investment Dank (C-754) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals Com-
plex (NEX) will utilize the Texaco coal gasification process to produce synthesis gas for ammonia production. Initially, the facility 
will produce 250,000 to 350,000 tonnes of ammonia per year, hot water for the Southern Stockholm district heating system, and 
industrial gases (oxygen, nitrogen, and argon). Also, Nynas Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. 
In the wintertime part of the gas will be used for power generation. The plant is scheduled to go on stream in 1991. 

Participants in the project alt: 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 and Johnson are equal partners in a new company, Nynas Kombinate AD, which will own 50 percent of 
NEX. AGA, whose stake in NEX will be 50 percent, will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

OHIO-1 COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C.756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project 
to produce energy-grade methanol (MEI'IIYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to 
produce 300,000 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. 
Production of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This 
plant will use high grade sulfur coal from existing mines in the area. 
The proposed project will utilize a High Temperature Winkler (I-ITW) fluidized bed gasifier to produce raw synthesis gas. The 
gas is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler 
feed water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the 
gasifier to improve the carbon conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw 
gas, cleaned of particulate matter, is processed in the synthesis section. 

Construction is scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

This plant has been estimated to cost $260 million 

Project Cost: $260 million 

PRENFLO GASIFICATION PILOT PLANT - Krupp Koppers GmbH (KK) (C-rn) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of GKT Gcsellschaft fuer Kohle-Technologie) 
are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRENFLO process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (KT) entrained 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 RI' 
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. Kit's work has led to the PRENFLO 
Process. 

Krupp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput. The plant is located 
at Fuerstenhausen, West Germany. Simultaneously with the pilot test program, the design and engineering of a demonstration 
plant with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering of the 1,000 tons per day gasifier 
module ('ready for construction') is expected to be completed in 1988. 

Project Cost: Not disclosed
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R}IEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors commissioned 
a pilot plant in July 1978 at the Wachtberg plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled 
to 1.3 tons per hour dry lignite. By end of June 1985 the test program was finished and the plant was shut down. From 1978 until 
June 1985 about 21,000 tonnes of dried brown coal were processed in about 38,000 hours of operation. The specific synthesis gas 
yield reached 1,580 standard cubic meters per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically 
calculated value. At feed rates of about 1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic 
meters per hour per square meter of gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

Rheinbraun has constructed a demonstration plant for the production of 300 million cubic meters syngas per year. All engineer-
ing for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was performed 
by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. 

The plant was started up in early 1986. In several processing periods quite good efficiency data corresponding to the results of 
the I-ITW pilot plant were reached in the gasifier. Nearly all steps of gas aftertreatment had been operated. 

In the meantime studies for further development of the HTW process for higher pressures up to about 20 bar are being per-
formed including optimization of the processing system as well as operation in a recycling fluidized bed especially in respect to 
utilization for combined power production. 

The erection of a new pilot plant for pressures up to 25 bar and throughputs up to 63 tons per hour is planned on the site of the 
former pilot plant of hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. 

Project Cost: Undisclosed 

RI1EINBRAUN HYDROGASIFICATION OF COAL TO SNG - Rheinische Braunkohlenwerke AG, Lurgi Gmbll, Ministry of Re-
search & Technology of the Federal Republic of Germany (C-475) 

The hydrogasification process developed by Rheinbraun is a pressurized fluidized bed technique. Engineering partner in this 
project is Lurgi. The project is subsidized by the Ministry of Research & Technology of the Federal Republic of Germany. A 
PDU for the hydrogasification was engineered and built by Lurgi company, Frankfurt, on the site of Union Kraftstoff at Wessel-
ing. 

This plant with a throughput of about S tons per day dried brown coal or anthracite has been operated from 1975 to September 
1982. More than 1,780 tons of dried brown coal and about 14 tons anthracite have been gasified during 12,235 hours at tempera-
tures between 820 to 1,000 degrees C and pressures between 55 and 95 bar. A methane content of nearly 50 percent by volume in 
the dry crude gas has been reached. The longest continuous test period of operation has been 31 days. 

A pilot plant with a throughput of about 240 tons per day of dried brown coal at pressures up to 120 bar was constructed from 
1979 to 1982. This pilot plant includes an Amisol plant for washing out sour gas components and a Linde cryogenic separation 
unit for isolation of SNG from hydrogen for recycle into the gasifier. 

For large-scale plants the hydrogen needed additionally can be generated in the HTW process with a following shift conversion of 
the carbon monoxide in the raw gas to hydrogen, or a part of the produced methane is catalytically converted in a methane stream 
reformer being heated with process heat from a high temperature gas cooled nuclear reactor. 

The pilot plant went onstream in Spring 1983. Up to the end of April 1986 about 26,300 tons of dried brown coal were processed 
in about 5,800 hours of operation. 

The selected process design as a whole has proved successful; especially under 120 bar gasification pressure maximum 5,000 
standard cubic meters per hour of methane were produced corresponding to 6,400 standard cubic meters per square meter of 
gasifier and hour. Also the gas after-treatment was operated with success including recovering of unconverted hydrogen in a 
cryogenic separation unit and returning it to the gasification process. 

Up to 100 bar nearly the same efficiency data were reached as in the small PDU, for 120 bar even better results as above men-
tioned. So the upscaling of the process was successful. 
At the end of September 1986 the plant was shut down. From start-up in 1983 the plant was operated for out 7,800 hours to 
gasify about 37,200 tons of dried brown coal. After a subsequent period for documentation the project will be finished in 1987. 
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At the stage of development now reached, a period of commercial usage could be started if profitability could be achieved. 

Project Cost: Not disclosed 

SASOL - Sasol Limited (C-820) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commer-
cial 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 proved and its economic 
viability conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is 80,000 tons, of 
oxygen, 26,000 tons; and of water, 160 megalitcrs. 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, synthol reactors, 
gas reformers and refineries. Hydrocarbon synthesis takes place by means of the Sasol developed Synthol proèess. 

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 Sasot's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions. 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost: SASOL Two	 $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C-822) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Gulf Point Tupper Refinery or near the coal mines. 
The 25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. The plant start-up 
could be in 1989/1990. Additional funding of $750,000 requested from the Oil Substitution Fund (a fund jointly administered by 
the Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process options was an-
nounced by the Nova Scotia government on October 3, 1984. 
A contract was completed with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). 

Feasibility report has been completed. Financeability options are being discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 13,000 barrels per day and has reached agreement in principle to purchase the Point Tupper site from Ultramar Canada Inc. 
Recent developments in co-processing technology have reduced the capital cost estimates to under $C500 million. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately US$250 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-825) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
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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 pIcsscs: high pressure GKI' 
entrained-flow coal gasification, IC methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SIC dropped the project from further consideration. 

Scrubgrass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at 
the same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. 
The plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are $145,000,000. Financial closing is anticipated in mid-1987. 

Project Cost: See above 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-MO) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since 
December 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot 
plant has now operated for over 10,000 hours. 

A ISO tons per day prototype plant has been operating at the German Shell HamburgJHarburg refinery since 1978 with over 
6, hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of 
coal in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell 
process is continuing through active pursuit at other Shell facilities. 

Shell Oil Company, The Electric Power Research Institute, and Lummus Crest, Inc., recently announced plans to build a 
demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process. Engineering was done by Lummus 
Crest's Bloomfield Division to incorporate all the advanced features of the Shell process and will be located at Shell's Deer Parkt 
Manufacturing Complex. Lummus Crest, Inc., is a subsidiary of Combustion Engineering, Inc. Shell Development Company, a 
division of Shell Oil, will operate the facility. 

The facility's gasifier will use pure oxygen and is designed to process a broad range of coals, including about 250 tons per day of 
high sulfur bituminous coal, or about 400 tons per day of lignite. The medium-BTU gas and steam produced will be consumed 
within Shell's adjacent manufacturing complex. Construction was completed in the first quarter of 1987, and startup occurred in 
mid-1987. 

Project Cost: Not disclosed 

SIMPLIFIED IGCC DEMONSTRATION PROJECT - General Electric Company, Burlington Northern Railroad, Empire State 
Electric Energy Research Corporation, New York State Energy Research and Development Authority, Niagara Mohawk Power Cor-
poration, Ohio Department of Development, Peabody Holding Company, and United States Department of Energy (C-845) 

This project will use a coal gasification, steam-injected gas turbine power plant to demonstrate the feasibility of simplified in-
tegrated gasification combined cycle (IGCC) systems for commercial coal-to-electricity applications. The simplified system is con-
figured to reduce components in each of the major sub-systems: gasification, gas cleanup, and gas turbine power generation sys-
tems, while retaining commercial hardware and design philosophy for many of the sub-system components. 

The technology uses an air-blown moving bed gasifier, high temperature sulfur removal technology, hot cyclones, and the "LM' 
series (aircraft derivative) gas turbine/generator package. Key elements are the high-temperature gas cleanup systems which can 
allow, significant reduction of contaminant levels without degradation of plant efficiency. The system will be demonstrated at dif-
ferent sizes at two site locations a 5 megawatt plant in Dunkirk, New York owned by Niagara Mohawk Power Corporation and a 
50 megawatt plant in Ohio. 

A prime objective of the demonstration program is the establishment of a high-performance, cost-competitive environmentally 
compliant, coal-fired power plant in the less-than 200 megawatt size. This option will significantly reduce the financial risk as-
sociated with the addition of large capacity increments to meet projected needs. The demonstration program is proposed as a 
five-year project. The phasing will permit the 5 megawatt plant to come on-line three years after project initiation. The initial 
checkout and system characterization of the 50 megawatt plant will start three years into the program with full-scale operaton at 
the industrial site in four and one-half years.
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The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $156 million 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-850) 

The British Gas Corporation (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 has been successfully operated since that date on a wide 
range of British and American coats, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tion of fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine 
coal through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinc-
tion. The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. 
Gasification is substantially complete with a high thermal efficiency. A long term proving run on the gasif i

er has been carried out 
successfully. 

A new phase started in November 1984, is the demonstration of a 600 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 8 feet. Within this demonstration program a three month run will be carried out to demonstrate gasifier 
operability, gas purification, and methanation to make SNO. It is also planned to carry out a number of tests for EPRI and the 
Gas Research Institute. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to gener-
ate power for the grid. The turbine will be supplied with product gas from the plant. It has a combustor temperature of 1,960 
degrees F, a compression ratio of 10, and a thermal efficiency of 31 percent. 

BCG is prepared to grant licenses for plants utilizing Slagging Gasifiers of sizes up to 8 feet diameter and will provide full com-
mercial guarantees. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-865) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- 1990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers 
and Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-Koppeis. Heads of Agreement 
have been signed with a consortium headed by Uhde Gmbl-I to test coal from the Downturns 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 coat were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985. Testing Bow-
mans coal in the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, FRG has been completed and final reports on the 
tests are due by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 75 million 

SYNTHESEGASANLAGE RUHR (SAR) - Ruhrkohle Oct and Gas GmbH Ruhrchemie AG (C-869) 

Based on the results of the pressurized coat-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coat gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximtely 250,000 tons of German hard coal will be gasified per year to produce 
400 million cubic meters synthesis gas and hydrogen yearly. The investment is subsidized by the Federal Minister of 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 coat costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (0-890) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at Texaco's facility in 

SYN1'IIETIC FUELS REPORT, SEPTEMBER 1987 
4-72



STATUS OF COAL PROJECTS (Underline denotes changes since June 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

Montebello, California since the 1973 oil embargo. During this period, Texaco spent morn than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing more than 
20 tons per day coal, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. The 
facilities include coal grinding, slurry preparation, and gas scrubbing units which are capable of producing a clean syngas product 
in continuous operation. This pilot plant has processed a wide variety of coals and has provided design information for a number 
of commercial projects in operation and under construction. In addition, pilot plant operations are conducted to improve and en-
hance Texaco's gasification technology. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed demonstration 
plants. These plants are owned by Ruhrkohle AG/Ruhrchemie AG, Tennessee Valley Authority, and Dow Chemical, and are lo-
cated in Oberhausen—Holten in the Federal Republic of Germany, Muscle Shoals, Alabama, and Plaquemine, Louisiana, respec-
tively. 

The Texaco Coal Gasification Process is currently employed for the commercial production of electric power and a variety of 
products, and has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects 
currently in operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which 
manufactures methanol and acetic anhydride, the 1,000 tons per day Cool Water plant which manufactures electricity, and the 
1,650 tons per day Ube Ammonia plant which manufactures ammonia. Additionally, the 770 ton per day SAR plant in Ober-
hausen, West Germany has begun operation for the manufacture of oxo-chemicals. Commercial projects currently in detailed 
design and/or construction include the 440 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 
2,700 ton per day Nynas Energy Chemicals complex in Sweden. A number of United States utilities are actively considering coal 
gasification for future electric power capacity additions, and several are working with Texaco on detailed site-specific studies of 
the Texaco process. 

Project Cost: Not applicable 

TIDD PRESSURIZED FLUIDIZED BED DEMONSTRATION PROJECT—American Electric Power Service Corporation, 
Ohio Coal Development Office, Ohio Power Company, and United States Department of Energy (C-895) 

The American Electric Power Service Corporation (AU'), on behalf of the Ohio Power Company, will construct and operate a 
70 megawatt Pressurized Fluidized Bed Combustion (PFBC) Combined Cycle Demonstration Plant in Brilliant, Ohio. The 
project will use technology developed by ASEA-PFB, a Swedish firm that supplies major utility components. 

AEP has designed the Tidd PFI3C Demonstration Plant with a capability of 70 megawatts, to be located in the town of Brilliant, 
Ohio. Its design is based on almost a decade of research and development byAEP and its partners. The schedule calls for having 
the plant start operation in late 1989 and run for a demonstration period of five to ten years, during which time enough data 
about the technology and equipment will be acquired to confidently build large, commercial power plants. 

The PFBC process involves burning coal in a fluidized bed of coal, dolomite (a form of limestone), and inert material. Sulfur in 
the coal is absorbed by the dolomite, resulting in a dry, granular by-product ash which is removed from the bed. The hot, pres-
surized, sulfur-free gas flows through a dust collector then through an ASEA STAL GT120 gas turbine to drive an air compressor 
and a generator to produce electric power. 

Immersed in the bed are tubes to generate steam which flows through a steam turbine that drives a second generator to produce 
additional electric power. The clean, cooled gas is released through the stack in full compliance with environmental requirements. 
The combined cycle plant will operate at 1,580 degrees F and a pressure of 12 atmospheres. The demonstration plant will be a 
retrofit of a mothballed coal-fired power plant and will utilize the existing steam turbine and other site utilities. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program 

Project Cost: $175.6 million 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

TOSCO has completed development in 1983 of an atmospheric, low-temperature (800-970 degrees F) coal pyrolysis system, 
named the TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado. The TOSCOAL 
Process is an adaptation of the TOSCO If oil shale retorting process to coal carbonization. The process products are char for 
power plant consumption, high-BTU gas, and oil. The process selectively reduces the volatile matter of the parent coal to any 
desired level in the char, usually 10 to 18 weight percent. Combustion and reactivity tests were performed on chars produced 
from three bituminous coals. Test results showed that the chars made from these coals had reactivity comparable to the parent 
coal. Pilot plant combustion tests showed that boiler slagging and scaling characteristics were similar to the parent coal. One oil 
was hydrotreated to produce a 24.4 degrees API syncrude product containing 0.04 weight percent sulfur, 035 weight percent 
nitrogen, and 1.78 weight percent oxygen. Process evaluations show that a plant designed to process nominally 10,000 tons per 
day of coal will produce as major products 7,800 tons of readily combustible char, 11,500 barrels of hydrotreated oil, 310 barrels of 
vacuum residual as well as fuel gas. Economic analyses indicate that, relative to coal liquefaction technologies, the capital cost per 
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daily barrel of product from the TOSCOAL Process is substantially less. TOSCO is actively seeking industrial and utility par-
ticipation in the demonstration and commercialization of the TOSCOAL process. 

Project Cost: Undetermined 

WA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

The 'P/A is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located 
at Muscle Shoals, Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day am-
monia plant. Plant construction was completed in mid-1980. Capital costs total $46 million. Brown and Root of Houston held the 
$25.6 million contract for the construction of the eight ton per hour coal gasifier. The air separation plant was built by Air 
Products and Chemicals, Inc. at a cost of $5 million. The remainder of the work was done by TVA. The coal gasifier can provide 
60 percent of the gas feed to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural 
gas, if desired. The initial feed to the coal gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology conference in October 1980 
and continued in itermittent operation until 1981. However, actual production of feed gas for ammonia manufacturer was not ac-
complished because of mechanical problems. The plant was shut down while modifications were made to the gasifier and other 
downstream processes and equipment. 

The plant was restarted in April 1982. Operations continued intermittently through November 1982 and culminated in a 5-day 
performance test. Although the plant did not meet all the contract performance requirements, particularly in the sulfur recovery 
area, the facility did provide synthesis gas for the production of ammonia. Plant operations continued for 12 days, prior to being 
shut down at the end of the performance test. Total operating time was approximately 1,600 hours. 

The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was made in July and 
was followed by a 20-day test using EDS residues. Additional tests were made in late 1984 and 1985. The project was completed 
and the facility was shut down in September 1985 after operating for 3,600 hours. 

Project Cost: $60 million total 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-952) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasifica-
tion process ('TCGP"). There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains 
are used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October 
of that year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a 
process design package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that 
year. Construction was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid am-
monia from coal was obtained in early August 1984. Those engineering and construction works and commissioning were ex-
ecuted by Ube's Plant Engineering Division. Ube installed the new coal gasification process as an alternative 'front end* of the 
existing steam reforming process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus 
has a wide range of flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia 
from coals, naphtha and LPG as required. 

The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost 
of ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification 
plant is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of Energy 
and University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, construction, and 
operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, Minnesota. Foster Wheeler provided the en- 
gineering services. The two-stage gasifier utilizes technology licensed by Foster Wheeler from Stoic Combustion Ltd. of Johan- 
nesburg, South Africa. The 180 BTU per standard cubic feet gas is used to fire a boiler for heating/cooling of campus buildings. 
The process produces fuel oil as a coproduct which will be used as boiler fuel during gasifier maintenance. The Stoic gasifier was 
started initially in October 1978. Altogether five different western sub-bituminous coals have been fed to the Duluth unit. The 
heavy coal oil recovered by means of electrostatic precipitation has been stored and fired successfully in the Universitys boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus heating plant. 
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Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. Cooperative 
agreement with Department of Energy ended August 1982. Plant operation now entirely funded by University of Minnesota. 

Project Cost: $6,401,557.30; DOE share $2,818,940.00 

VICTORIA BROWN COAL LIQUEFACTION PROJECI' - Brown Coal Liquefaction (Victoria) Pty. Ltd. ((>975) 

DCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of thy 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 Iwai, ldemitsu Kosan, and Asia Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). NBCL is entrusted with implementation of the entire program, and DCLV 
will catty 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 planned life of the pilot plant is live years, with NEDO providing the estimated 
A$100 million necessary to cover operating costs during this period. (Construction Cost: A$145 million). 

The aim of the pilot plant is to provide data on a Catalytic Solvent Refined coal liquefaction process developed since 1971 by 
members of the consortium. Tentative plans call for construction beginning near the end of this decade of a demonstration plant 
consuming about 5,000 tons per day of dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is being built adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., is providing the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WUJING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-992) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the ex-
isting coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity, 100 metric tons per hour of low pressure steam; and 300,000 metric tons per year of 9915 percent purity chemical 
grade methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project 
will be constructed in stages. 

The study has been completed and is being evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States 
trade and development program (TDP), International Development Cooperation Agency. 

Project Cost: Not disclosed 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BRAZIL - Companhia Auxiliar de Empresas Electricas Brasiteiras and United States 
Department of Energy ((>1002) 

On January 21, 1985 the United States and Brazil signed a bilateral agreement to jointly study underground coal gasification 
(UCG). The objective of the agreement is to undertake a joint analytical and test program for the development of UCG technol-
ogy utilizing the site of the Triunfo coat deposits in Rio Grande do Sul. The program will consist of three phases of work: (1) 
coal and site characterization; (2) test design and feasibility studies; and, (3) test operations and evaluation. 
During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian coats, technical 
experts on site, site characterization methods and tools, and data evaluation to develop a preliminary process design. CAEEB will 
provide needed data to DOE and will be responsible for actual site characterization studies and field tasks such as drilling and 
seismic studies.
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During the test design and feasibility study phase (Phase 2), DOE will provide information and technical experts to assist in the 
preparation of the preliminary design of an actual field test. During this second phase CAEEB agrees to be in charge of the 
preliminary feasibility test program, and for all subcontracting. 

In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB during the 
operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and software and related instrumenta-
tion to assist in monitoring the test. CAEEB will provide to DOE all information on the design and results of the field test. 

DOE and CAEEB will each bear their own costs of their participation in the activities under the agreement. The agreement will 
continue for a live year period, and may be extended by mutual agreement of both countries. 

Project Cost: Not Disclosed 

UNDERGROUND COAL GASIFICATION OF DEEP SEAMS - Groupe d'Etudes de Ia Gazeification Souterraine (GEGS) con-
sisting of Charbonnages de France, Gaz de France, and Institut Francais du Petrole (C-1160) 

The goal of the GEGS (Study Group on Underground Gasification of Coal) project is to achieve gasification of coal at depths of 
approximately 1,000 meters which is inaccessible, on an economic and human point of view, by current mining methods. In Prance 
and in west European countries, the coal reserves of this type are rather large. In France, they are estimated at about 2 billion 
tons. The process investigated involves in situ gasification with oxygen to obtain a high BTU gas by further enrichment above 
ground. Because at great depth the coal permeability to gas is very low, the process requires a first step of creating a link be-
tween the two wells of the injection-production doublet. 

The program of research has a total duration of six years, from 1979 to 1985. It includes theoretical studies (modelling), 
laboratory work, and experiments on site. 

The first tests on site were conducted from March 1980 to July 1981 from a deep level of an existing conventional mine just before 
its closure (Bruay-en-Artois) in the Nord-Pas de Calais mining region. 

The different steps of these tests consisted in: (1) geological and structural appraisal of the site, (2) creating a link between the 
wells by hydraulic fracturing, and (3) initiation of a reverse combustion. 

A new site, operated directly from above ground, was selected in the Nord-Pas de Calais mining region (Haute-Deule). Three ex-
ploratory wells were drilled at this new site in 1982 and two of them equipped as injection-production wells; the spacing between 
these wells is 60 meters. The tests, scheduled to last three years, will be more ambitious than at the Bruay site. The two first 
steps of drilling/geological reconnaissance of the site and of creating a link by hydraulic fracturing were achieved with good 
results. The third step, reverse combustion, occurred at the end of 1984. Results were not sufficient to carry on with the fourth 
step (gasification). 

Additionally, tests have been conducted in 1982 and 1983 in a shallow coal seam in the Loire mining region (l'Echaux) to study 
the technical feasibility of electrolinking. Such a linking was successfully achieved between two wells located 10 meters apart. 

The design of a new experimental program is now planned for the gasification of rather thick (about 10 meters) coal seams. The 
linking between the wells will be achieved by the technique of horizontal drilling. 

A call for new partners sent by GEGS at the end of 1985 has not brought positive answers up to now. GEGS has decided to 
postpone all operations until an agreement has been reached to finance the new program. 

Project Cost (1979-1985):	 Approximately $28 million 
Proposed Project Cost (1986-1988): 	 Approximately $10 million 

UNDERGROUND COAL GASIFICATION, ENGLISH MIDLANDS PILOT PROJECT - British Coal (C-lOIS) 

The United Kingdom's British Coal is planning a test of underground coal gasification (UCG). The experimental project will be 
located in the English Midlands near Newark. Up to 60,000 tonnes of coal will be gasified in a test program lasting five to 
six years. The tests will use deviated drilling techniques to access a six foot thick coal seam at a depth of 2,000 feet. Estimated 
cost of the program is 15 million pounds sterling (approximately $22 million). 

The purpose of the tests is to develop methods to exploit coal deposits located offshore under the North Sea. Very large reserves 
of coal (reportedly billions of tonnes) are located in the undersea deposits in seams up to 70 feet thick. 

Previous tests of UCG were conducted in the Midlands in the late 1950s. Results of the PS trial at Newman Spinney were not 
particularly encouraging in that the product gas had a low heating value. However, the coal seam used in the test was only 3 feet 
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thick. The researchers believe that the thicker coal seam to be used in the newly proposed tests, in combination with recent ad-
vances in UCG technologies, will produce more favorable results. 

Project Cost: $22 million 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-1045) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCG) for domestic 
coal. The proposed site for the test in western India contains large reserves of subbituminous coal that could be amenable to 
UCG. However, experts from the United States, Belgium, and West Germany concluded that the depth of the coal—
approximately 2,500 feet—could cause problems with the proposed test as it was originally designed. Therefore, they recom-
mended that the Indian researchers utilize the Controlled Retracting Injection Point (CRIP) technology developed by the 
Lawrence Livermore National Laboratory. 

The first information well (UCG-1) has been drilled in Mehsana City structure located in North Gujarat. The further course of 
action will be decided based on the analysis of the core samples from this well. The samples are under analysis in various 
laboratories. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic Com-
munity, and Federal Republic of Germany (C-1150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has 
grown since 1976, when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area 
where the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 
800 meter level. Work began in 1979 and is planned to continue into 1987. 

The first reverse combustion experiment was executed from April to October 1982 without the formation of a linking channel. 
The test had to be halted due to self-ignition of the coal, after 3.5 days. In November 1982 the fire was extinguished by injection 
of water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after scat-
tering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop reverse 
combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting ca. 500 cubic meters per hour air and 
SO 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 seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in 
the injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. 
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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 stilt impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the in-
jection well, the sponsors decided to start the gasification without any change to the equipment. 

They tried to provoke self-ignition of the coal by injecting a small flow of oxygen enriched air this succeeded on October 14. the 
program is: first, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/oxygen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed air as the gasifying medium. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES— Lawrence Livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and pred&essor organizations. 
Tests that have been conducted include three underground coal gasification tests at theHoe Creek site near Gillette, Wyoming; 
five small field tests ("Large Block Tests') at an exposed coal face in the WIDCO coal mine near Centralia, Washington; and a 
larger test at the same location (the "Partial Seam CRIP Test"). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Floe Creek No. I, 
was conducted during F'Y1976-1977, to test the concept. A second experiment, carried out during FY1977-1978, Hoc Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 BTU per standard cubic foot gas using air injection, and 250 to 
300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The third experiment, Hoe Creek No. 3, was 
carried out during FY1978-1979, using a drilled channel to provide the link between the process welts. The test ran for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an average heating value of 
215 BTU per standard cubic foot. The test showed that long-term use of steam-oxygen underground gasification is technically 
feasible, operationally simple and safe. The use of steam and oxygen is crucial because the medium heating value gas produced by 
steam-oxygen gasification is readily converted to chemical synthesis gas or to pipeline quality, which is the objective of this project. 

The 'Large Block Tests' in FY1982 were designed to carry the concepts of the laboratory tests to a larger size in the field and still 
retain the ability to visually examine the burn cavities by simple excavation. The tests were very successful in providing detailed 
data which were used to develop a 3-13 cavity simulation model, CAVSM. The results from the Block tests led to the design of 
the Centralia Partial Seam CRIP test which was carried out in FY1983-1984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to test the 
Controlled Retracting Injection Point (CRIP) concept in a coal scam with real commercial potential but on a scale small enough 
to allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 foot tong well drilled from the 
coal face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for 
the CRlF cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved a relatively high level 
after the CRlF maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even 
though some directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test 
was very encouraging for the future of UCG at the Centralia site. The CRIP concept adds one more degree of control to the 
process in that the average heating value of the produced gas can be controlled by controlling the position of the injection point. 

A large scale test, Rocky Mountain 1 is being planned for completion in late FY1987 at Manna, Wyoming. The test will provide a 
direct comparison of the CRIP method with a vertical injection well method, and will operate long enough to give resource 
recovery data from a multiple cavity burn. Both test modules will utilize directional drilled links and will use horizontal produc-
tion wells. One module will have a CRlF injection system while the other will use vertical injection wells. 

Agreements have been signed with both Spain and Brazil for aid and assistance in developing underground coat conversion 
projects in those countries. LLNL has been training Spanish engineers and expects to continue to interact with their program in 
an advisory capacity. Work is to get started in F? 1986 on a feasibility study with Brazil. Negotiations are underway and agree-
ments in principle have been made with India and Yugoslavia. At the present, DOE is only being asked to provide consulting to 
the Indian program, which is being completely financed by the Indian government. The Yugoslavian program has asked for some 
training similar to that done for the Spanish program.
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Objectives for FY1987 include: 

1. Continue to support the Rocky Mountain I field test at Hanna, Wyoming including active participation in the operational 
phase. Goals of the experiment are to determine the technology for larger scale operation and to refine the economics for 
commercial gasification. 

2.Continue the modelling program with emphasis on cavity growth simulation comparison with field results. 

3. Continue to support the DOE and State Department in technology transfer through agreements with foreign countries 
such as Spain, Brazil, and India. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-1097) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific are continuing. 

Shedden Pacific Pty. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for UCG. These reserves are unlikely to be economically recoverable by open pit or underground mining methods, 
and would support a 250 megawatts power station for approximately 25 years. 

The preliminary design laid out in the study is based on a gasification panel consisting of a coal seam 13 meters thick, with dip 
angle of 10 degrees to 13 degrees, into which one blast air borehole and two production boreholes are drilled horizontally. Each 
panel is 400 meters long and 80 meters wide with the blast air borehole located along the central axis and the production bores 
spaced equally on either side. 

The blast air and production boreholes are drilled down dip using deviated drilling techniques. At the down dip end of the panel 
are located four vertical ignition bores equally spaced across the panel. A blast borehole in the seam has the great potential ad-
vantage that, provided that it does not bum back by reverse bum, 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 I TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Rocky Mountain Energy Company, and United States Department of Energy (C-1099) 

A field test of the Controlled Retracting Injection Point (CRIP) technology will be conducted in 1987 near Hanna, Wyoming. The 
test, named 'Rocky Mountain 1,' will be funded by the United States Department of Energy (DOE) and a four member industrial 
consortium. The consortium, headed by the Gas Research Institute, also includes the Electric Power Research Institute, Amoco 
Production Company Research Center, and Rocky Mountain Energy Company. 

The test will take place about two miles south of Hanna, Wyoming, near a site used in the 1970s by the government to conduct 
some of the United States' first underground coal gasification tests. The CR1? technique was conceived by LLNL in the late 
1970s to improve the efficiency, boost resource recovery, and increase the reliability of underground coal gasification. The CRIP 
method uses a horizontal well drilled along the base of a coal seam that is lined with a thin-walled metal pipe to supply oxygen to 
the coal to support the gasification process. To gasify the coal, successive sections of the well liner are burned away and the coal 
seam is ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward 
producing medium-BTU gases. The gases are transported to the surface either through a second horizontal well near the top of 
the seam or through widely spaced vertical wells bored into the coal scam. 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 upcoming Rocky Mountain 1 test will create multiple cavities in two parallel rows 350 feet underground in a 
30 fcot thick subbituminous coal seam. One row will consist of a 300 foot long CRIP module. The other will use vertical injec-
tion wells similar to those in previous underground field tests. As much as 20,000 tons of coal-10,000 tons per row-could be 
gasified in the 100 day test.  

A companion effort will evaluate the ecological and environmental aspects of underground coal gasification 
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Underground Gasification Projects (Continued) 

Construction for the test is to begin in late 1986 and is expected to be completed in approximately 12 months. Drilling of the 
horizontal wells through the 300 foot long section of the seam will take about two months. Actual gasification is scheduled for 
late Summer 1987. 

Project Cost: $9.85 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Companyc a joint venture of 
Gilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-Il®) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, STEEPLY DIPPING BED DEMONSTRATION MODULE - Energy Interna-
tional, Inc., Stearns Catalytic Corporation, Rocky Mountain Energy Company (a subsidiary of Union Pacific Corporation), and United 
States Department of Energy (C-Ills) 

This project involves a proof-of-concept/pilot demonstration of underground coal gasification (UCG) technology applied to the 
steeply dipping bed subbituminous coal deposits near Rawlins, Wyoming. The pilot demonstration will operate for 180 days, 
gasify 36,000 tons of coal, and produce up to 2,000 to 4,000 barrels of middle distillate liquids using a fixed bed indirect liquefac-
tion technology. The demonstration represents one module of a commercial plant which would ultimately produce 4,000 barrels 
per day of liquids and 60 million standard cubic feet of substitute natural gas (SNG). The commercial plant will utilize under-
ground coal gasification technology to produce a synthesis gas feedstock for a gas-to-liquids conversion for the production of 
middle distillates. The three year proposed demonstration project will provide the additional process, economic, and environmen-
tal data required to reach the commercialization decision. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: Not disclosed
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COMPLETED AND SUSPENDED PROJECTS 

Pro ject Sponsors Last Appearance in SFR 
A-C Valley Corporation Project A-C Valley Corporation June 1984; page 4-59 

Acurex-Aerothenn Low-BTU Gasifier Acurex-Aerotherm Corporation September 1981; page 4-52 
for Commercial Use Glen-Gery Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. little, Inc. March 1978; page B-23 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Flash Hydropyrolysis Rockwell International June 1987; page 4-47 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute September 1978; page B-fl 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. September 1985; page 4-61 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. June 1984; page 4-60 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. March 1983; page 4-85 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, December 1986; page 4-35 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, December 1984; page 4-64 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. September 1985; page 4.62 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) 	 - March 1985; page 4-62 
TRW, Inc. 

Bell High Mass Flux Gasifier Bell Aerospace Textron December 1981; page 4-72 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 4-77 
Placer U. S. Inc. 

BI-GAS Project United States Department of Energy March 1985; page 4-63 

Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 

Burnham Coal Gasification El Paso Natural Gas Company September 1983; page 4.62 
Project 

Byrne Creek Underground Coal Dravo Constructors March 1987; page 4-90 
Gasification World Energy Inc. 

Calderon Fixed-Bed Slagging Project Calderon Energy Company December 1985; page 4-73 

Car-Mox Low-BTU Gasification Fike Chemicals, Inc. March 1980; page 4-53 
Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page B-25
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Project	 Sponsors	 Last Appearance in SFR 

Chemicals from Coal 

Cherokee Clean Fuels Project 

Chesapeake Coal-Water Fuel 
Project 

Chokecherry Project 

Circle West Project 

Clark Synthesis Gas Project 

Clean Coke Project 

Coalcon Project 

Coalex Process Development 

COGAS Process Development 

Columbia Coal Gasification 
Project 

Combined Cycle Coal Gasification 
Energy Centers 

Composite Gasifier Project 

Conoco Pipeline Gas Demonstra-
tion Plant Project 

Celanese Corporation 

Celanese Corporation 
Arkansas Power & Light Company 

Central Maine Power Company 
General Electric Company 
Stone & Webster Engineering 
Texaco Inc. 

Central & Southwest Corporation (four 
utility companies) 
Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Dow Chemical USA 
United States Department of Energy 

Bechtel Corporation 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

ARC-COAL, Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 
Dominion Resources, Inc. 

Energy Transition Corporation 

Meridian Minerals Company 

Clark Oil and Refining Corporation 

United States Department of Energy 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Union Carbide Corporation 

Coalex Energy 

COGAS Development Company, a joint 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Gas System, Inc. 

Consumer Energy Corporation 

British Gas Corporation 
British Department of Energy 

Conoco Coal Development Company 
Consolidated Gas Supply Company 
Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company

Celanese Coastal Bend Project 

Celanese East Texas Project 
Central Arkansas Energy Project 

Central Maine Power Company 
Scars Island Project 

Chemically Active fluid Bed 
Project

December 1982; page 4-83 

December 1982; page 4-83 
June 1984; page 4-63 

June 1984; page 4-63 

December 1983; page 4-80 

March 1978; page B-24 

September 1981; page 4-55 

March 1985; page 4-64 

December 1983; page 4-81 

September 1986; page 4-58 

December 1982; page 4-85 

December 1978; page 8-26 

December 1978; page 8-26 

December 1978; page 8-26 

December 1982; page 4-86 

September 1982; page 4-72 

December 1982; page 4-86 

September 1981; page 4-56 

September 1981; page 4-57 
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Project	 Sponsors	 Last Appearance in SFR 

Cresap Liquid Fuels Plant 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

DeSota County, Mississippi 
Coal Project 

Dow Coal Liquefaction Process 
Development 

Dow Gasification Process Development 

EDS Process 

Elmwood Coal-Water-Fuel Project 

Emery Coal Conversion Project 

Enrecon Coal Gasifier 

Exxon Catalytic Gasification
Process Development 

Fairmont Lamp Division Project 

Fast Fluid Bed Gasification 

Fiat/Ansaldo Project 

Flash Pyrolysis Coal 
Conversion 

Florida Power Combined Cycle 
Project 

Fuel Gas Demonstration Plant 
Program 

Gas Turbine Systems Development 

Grants Coal to Methanol Project

Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 
Fluor Engineers and Constructors 
United States Department of Energy 

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
TransWorld Resources 

Mississippi Power and Light 
Mississippi, State of 
Ralph M. Parsons Company 

Dow Chemical Company 

Dow Chemical Company 

Anaconda Minerals Company 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co 

Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Foster Wheeler Tennessee 

Emery Synfuels Associates: 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon, Inc. 

Exxon Company USA 

Westinghouse Electric Corporation 

Hydrocarbon Research, Inc. 
United States Department of Energy 

Ansaldo 
Fiat flG 
KRW Energy Systems, Inc. 

Occidental Research Corporation 
United States Department of Energy 

Florida Power Corporation 
United States Department of Energy 

Foster-Wheeler Energy Corporation 
United States Department of Energy 

Curtiss-Wright Corporation 
United States Department of Energy 
General Electric Company 

Energy Transition Corporation

December 1979; page 4-67 

December 1983; page 4-84 

September 1984; page C-8 

September 1981; page 4-58 

December 1984; page 4-70 

June;1987 page 4-53 

June 1985; page 4-63 

March 1987; page 4-66 

December 1983; page 4-84 

September 1985; page 4-66 

December 1984; page 4-73 

September 1982; page 4-76 

December 1982; page 4-90 

March 1985; page 4-66 

December 1982; page 4-91 

December 1983; page 4-87 

September 1980; page 4-68 

December 1983; page 4-87 

December 1983; page 4-89 
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Project	 Sponsors	 Last Appearance in SFR 

Grefco Low-BTU Project 

Gulf States Utilities Project 

Hampshire Gasoline Project 

I-I-Coal Pilot Plant 

Hillsborough Bay Coal-Water 
Fuel Project 

I-lowmet Aluminum 

l-l-R International Syngas Project 

Hydrogen from Coal 

HYGAS Pilot Plant Project 

ICGG Pipeline Gas Demonstra-
tion Plant Project 

Integrated Two-Stage Liquefaction 

FIT Coal to Gasoline Plant 

Kaiparowits Project 

Kennedy Space Center Polygeneration 
Project 

Ken-Tex Project 

Keystone Project 

King-Wilkinson/Hoffman Project 

Kiockner Coal Gasifier 

Lake DeSmet SNG from Coal 
Project

General Refractories Company 
United States Department of Energy 

KRW Energy Systems 
Gulf States Utilities 

Kaneb Services 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

Ashland Synthetic Fuels, Inc. 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

ARC-Coal Inc. 
Bechtel Power Corporation 
COMCO of America, Inc. 

I-lowmet Aluminum Corporation 

H-R International, Inc. 
The Slagging Gasification Consortium 

Air Products and Chemicals, Inc. 
United States Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
United States Department of Energy 

Illinois Coal Gasification Group 
United States Department of Energy 

Cities SeMce/Lummus 

International Telephone & Telegraph 
J. W. Miller 
United States Department of Energy 

Arizona Public Service 
San Diego Gas and Electric 
Southern California Edison 

National Aeronautics & Space 
Administration 

Texas Gas Transmission Corporation 

The Signal Companies 

E. J. Hoffman 
King-Wilkinson, Inc. 

Kiockner Kohlegas 
CRA (Australia) 

Texaco Inc. 
Transwestern Coal Gasification Company

December 1983; page 4-91 

March 1985, page 4-74 

December 1983; page 4-91 

December 1983; page 4-92 

September 1985; page 4-69 

March 1985, page 4-74 

December 1985, page 4-80 

December 1978; page B-31 

December 1980; page 4-86 

September 1981; page 4-66 

September 1986; page 4-69 

December 1981; page 4-93 

March 1978; page B-IS 

June 1986; page 4-85 

December 1983; page 4-95 

September 1986; page 4-71 

March 1985; page 4-80 

March 1987; page 4-74 

December 1982; page 4-98 
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Project	 Sponsors	 Last Appearance in SFR 

Low-Rank Coal Liquefaction 
Project 

Lummus Coal Liquefaction 
Development 

Mapco Coal-to-Methanol Project 

Mazingarbe Coal Gasification Project

Rheinische Braunkohlwerke AG 

Cities Service Company 
United States Department of Energy 

Alberta/Canada Energy Resources 
Research Fund 
Alberta Research Council 

Irvin Industrial Development, Inc. 
Kentucky, Commonwealth of 
United States Department of Energy 

Bethlehem Steel Company 
United States Department of Energy 
Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

United States Department of Energy 
University of North Dakota 

Lummus Company 
United States Department of Energy 

Mapco Synfuels 

Cerchar (France) 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Columbia Coal Gasification 

Houston Natural Gas Corporation 
Texaco Inc. 

CBI Industries Inc. 
Cives Corporation 
Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

UGI Corporation 

Wentworth Brothers, Inc. 
(19 utility and industrial sponsors) 

Georgetown Texas Steel Corporation 
Midrcx Corporation 

Australian Coal Corporation 

American Natural Service Co. 
Arnerigas 
Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee

Latrobe Valley Coal Lique-
faction Project 

LC-Fining Processing of SRC 

Liquefaction of Alberta 
Subbituminous Coals, Canada 

Low-BTU Gasifiers for Com-
mercial Use-Irvin Industries 
Project 

Low/Medium-BTU Gas for Multi-
Company Steel Complex 

Medium-BTU Gas Project 

Medium-BTU Gasification Project 

Memphis Industrial Fuel Gas 
Project 

Methanol from Coal 

Methanol from Coal 

Midrex Electrothermal Direct 
Reduction Process 

Millmerran Coal Liquefaction 

Mining and Industrial Fuel Gas 
Group Gasifier 

December 1983; page 4-96 

December 1983; page 4-96 

March 1985, page 4-81 

June 1979; page 4-89 

December 1983; page 4-98 

March 1984; page 4-49 

June 1981; page 4-74 

December 1983; page 4.98 

September 1985, page 4-73 

September 1979; page 4-107 

December 1983; page 4-99 

June 1984; page 4-79 

March 1978; page B-22 

March 1980; page 4-58 

September 1982; page 4-87 

March 1985; page 4-82 

March 1987; page 4-78 
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Minnegasco High-BTU Gas 
from Peat 

Minnegasco Peat Biogasification 
Project 

Minnegasco Peat Gasification 
Project 

Mobil-M Project 

Molten Salt Process Development 

Mulberry Coal-Water Fuel Project 

NASA Lewis Research Center Coal-to-



Gas Polygeneration Power Plant 

New England Energy Park

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 

Minnesota Gas Company 
United States Department of Energy 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
Minnesota Gas Company 
Northern Natural Gas Company 
United Slates Department of Energy 

Mobil Oil Company 

Rockwell International 
United States Department of Energy 

CoaLiquid, Inc. 

NASA Lewis Research Center 

Bechtel Power Corporatiqn 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy

March 1983; page 4-108 

December 1981; page 4-88 

December 1983; page 4-101 

September 1982; page 4-88 

December 1983; page 4-101 

March 1985; page 4-85 

December 1983; page 4-102 

December 1983; page 4-104 

New Jersey Coal-Water Fuel
	

Ashland Oil, Inc.	 March 1985; page 4-86 
Project
	

Babcock & Wilcox Company 
Slurrytech, Inc. 

Nices Project 

North Alabama Coal to Methanol 
Project 

North Dakota Synthetic Fuels 
Project

Northwest Pipeline Corporation 

Air Products & Chemicals Company 
Raymond International Inc. 
Tennessee Valley Authority 

InterNorth 
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

December 1983; page 4-104 

March 1985; page 4.86 

December 1983; page 4-106 
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Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Oel & Gas 0mW-I 

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 ilydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peal Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Kiockner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation - 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United Slates Department of Energy 

Plasma Arc Torch Swindell-Dresser Company December 1978; page 8-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979; page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of December 1978; page 8-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council 

Riser Cracking of Coal Institute of Gas Technology December 1981; page 4-93 
United Sates Department of Energy 

RUHRIOO Project Ruhrgas AG September 1984; page C-29 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology 

Saarbergwerke-Otto Gasification Saarbergwerke AG June 1984; page 4-86 
Process Dr. C. Otto & Company
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Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Kiockner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

- The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-ilydrogasification Genera! Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coat Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 13-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 13-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94 

Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas
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Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite - 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92 
Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-lIEU Gasifier for Commer- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35' 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page B-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuets 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 Oreanization Project Name Page 

AECI Ltd. AECI Ammonia/Methanol Operations 4-51 
Coalplex Project 4-55 

AGA Nynas Energy Chemicals Complex 4-68 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-65 

A. Johnson & Company Nynas Energy Chemicals Complex 4-68 

Allis-Chalmers KILnGAS Project 4-63 

American Electric Power Service 'Fidd Pressurized fluidized Bed Demonstration Project 4-73 
Corporation 

Amoco Production Company Underground Coal Gasification Rocky Mountain 1 Test 4-79 

Asia Oil Victoria Brown Coal Liquefaction Project 4-75 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-75 

Bechtel Inc. Cool Water Coal Gasification Project 4-55 
Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 4-77 

1W United Kingdom, Ltd. Monash Hydroliquefaction Project 4-66 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-80 

British Coal British Coal Liquid Solvent Extraction Project 4-53 
British Coal Low-BTU Gasification Project 4-53 
Underground Coal Gasification English Midland Pilot Project 4-76 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-53 
British Coal Low-BTU Gasification Project 4-53 

British Gas Corporation Slagging Gasifier Project 4-72 

Broken Hill Pty. Broken Hill Project 4-53 

Brookhaven National Laboratory Flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4-58 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-75 

Burlington Northern, Inc. Simplified IGCC Demonstration Project 4-71 

Bureau de Recherches Geologiques Underground Coal Gasification of Deep Seams 4-76 
et Minieres 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-61 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-54 

Central Illinois Light Co., Inc. KILnGAS Project 4-63 

Charbonnages de France Underground Coal Gasification of Deep Seams 4-76 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-65
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Company or Organization Proiect Name 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-66 
Corporation 

Coal Gasification COGA-1 Project 4-55 

Coal Tech Corporation Cyclone Combustor Demonstration Project 4-56 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4-75 
Electricas Brasileiras 

Continental Energy Associates Can-Do Project 4-54 

Deutsche Babcock AG 1-luenie COT Coal Gasification Pilot Plant 4-61 

DEVCO Scotia Coal Synfuels Project 4-70 

Dow Chemical Dow Syngas Project 4-56 

Ebasco Services, Inc. Chiriqui Grande Project 4-54 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-51 
Cool Water Coal Gasification Project 4-55 
KILnGAS Project 4-63 
Laporte Liquid Phase Methanol Synthesis 4-65 
Underground Coal Gasification Rocky Mountain 1 Test 4-79 

Elgin Butler Brick Company National Synfuels Project 4-67 

Empire State Electric Energy Cool Water Coal Gasification Project 4-55 
Research Corporation (ESEERCO) Simplified IGCC Demonstration Project 4-71 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-68 

Energy Brothers Inc. K-Fuel Commercial Facility 4-63 

Energy International Underground Coal Gasification, Steeply Dipping Bed 4-80 
Demonstration Plant 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-67 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 4-77 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4-65 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-67 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Test 4-79 

Gaz de France Underground Coal Gasification of Deep Seams 4-76	 - 

Gelsenberg AG lluenxe CGT Coal GAsification Pilot Plant 4-61 

General Electric Company Cool Water Coal Gasification Project 4-55 
Simplified IGCC Demonstration Project 4-71 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-80 

Gesellschaft fur Kohle-Technologie PRENFLO Gasification Pilot Plant 4-68 

GFK Gesellschaft fur Kohleverflussigung GFK Direct Liquefaction Project 4-60 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-70 

Oilman Company Underground Gasification of Anthracite, Spruce Creek 4-80
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Company or Organization Proicct Name 

Group d'Etudcs dc la Gazeiflcation Underground Coal Gasification of Deep Scams 4-76 
Souterrainc (GEGS) 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-70 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-68 

FIRI Inc. Ebullated Bed Coal/Oil Co-Processing Prototype 4-57 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-75 

Illinois Power & Light Company KILnGAS Project 4-63 

Illinois, State of KILnGAS Project 4-63 

Institut Francais du Petrole Underground Coal Gasification of Deep Seams 4-76 

Iowa Power & Light Company KILnGAS Project 4-63 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-75 

Japan coot Water Program Cool Water Gasification Project 4-55 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-52 
Fulaiji Low BTU Gasifier 4-58 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-64 
System for Electric Power Generation 

1(1-ID Industries Lulea Molten Iron Pilot Plant 4-66 

KILnGAS R&D, Inc. KILnGAS Project 4-63 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-75 

Kopex Libiaz Coal-to-Methanol Project 4-65 

Krupp Koppers GmbH Libiaz Coal-to-Methanol Project 4-65 
PRENF"LO Gasification Pilot Plant 4-68 

KRW Energy Systems Inc. Appalachian Project 4-52 
Fularji Low Dlii Gasifier 4-58 
KRW Energy Systems Inc. lAdvanced Coal Gasification 4-64 

System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - LLNL Studies 4-78 

Lurgi Kohle & Mincraloltechnik, Gmbl-1 Rheinbraun Hydrogasificalion of Coal to SNG 4-69 

Manfred Nemltz Industrieverwaltung Huenxe CGT Gasification Pilot Plant 4-61 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-52 

Ministry of Machine Building Industry Fulaili Low BTU Gasifier 4-58 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-75 

Monash University Moorish 1-lydroliquefaction Project 4-66 

Monongahela Power Company KILnGAS Project 4-63 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4-67 

National Synfuels Inc. National Synfuels Project 4-67 

New Energy Development Organization Japanese Bituminous Coal Liquefaction Project 4-62
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Company or Organization Project Name 

New York State Energy Research & Simplified IGCC Demonstration Project 4-71 
Development Authority 

Niagara Mohawk Power Corporation Simplified 10CC Demonstration Project 4-71 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-75 

Nissho lwai Victoria Brown Coal Liquefaction Project 4-75 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4-61 

Nokota Company Dunn Nokota Methanol Project 4-57 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4-52 
Synthesegasanlage Ruhr (SAR) 4-72 

NOVA Scotia Coal Synfuels Project 4-70 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4-70 

Ohio Coal Development Office Ebullated Bed Coal/Oil Co-Processing Prototype 	 - 4-57 
Tidd Pressurized Fluidized Bed Demonstration Project 4-73 

Ohio Department of Development Simplified IGCC Demonstration Project 4-71 

Ohio Edison Company KILnCAS Project 4-63 

Ohio Ontario Clean Fuels Inc. Ebullated Bed Coal/Oil Co-Processing Prototype 4-57 

Ohio Power Company Tidd Pressurized Fluidized Bed Demonstration Project 4-73 

Oil & Natural Gas Commission Underground Coal Gasification, India 4-77 

Peabody Holding Company Simplified 10CC Demonstration Project 4-71 

Pennsylvania Electric Company Appalachian Project 4-52 

Pennsylvania Energy Development Cyclone Combustor Demonstration Project 4-56 
Authority, State of 

Pennsylvania Power and Light Company Cyclone Combustor Demonstration Project 4-56 

Petro-Canada Scotia Coal Synfuels Project 4-70 

Polish Government Libiaz Coal-to-Methanol Project 4-65 

Potomac Edison Company KILnGAS Project 4-63 

Rheinische Braunkohlwerke Rheinbraun Hydrogasification of Coal to SNG 4-69 
Rheinbraun High TEmperature Winkler Project 4-69 

Rocky Mountain Energy Company Underground Coal Gasification Rocky Mountain 1 Test 4-79 
Underground Coal Gasification, Steeply Dipping Bed 4-80 

Demonstration Plant 

Royal Dutch/Shell Group Shell Coal Gasification Project 4-71 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 4-52 
Synthesegasanlage Ruhr (SAR) 4-72 

Ruhrchemie AG Synthesegasanlage Ruhr (SAR) 4-72 
Saabergwerke AG GFK Direct Liquefaction Project 4-60 
Sasol Limited Sasol Two and Sasol Three 4-70 

Scrubgrass Associates Scrubgrass Project 4-70
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Company or Organization Prolect Name 

501 International LEC Coal Liquefaction/Cogeneration Plant 4-65 

Shanghai Coking & Chemical Corporation Wujing Trigeneration Project 4-73 

Shell Oil Company Shell Coal Gasification Project 4-71 

Sohio Alternate Energy Development Cool Water Coal Gasification Project 4-55 
Company 

South Australia, Government of South Australian Coal Gasification Project 4-72 
Underground Coal Gasification, Leigh Creek 4-79 

Southern California Edison Coot Water Coal Gasification Project 4-55 
Cyclone Combustor Demonstration Project 4-56 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-80 

Steams Catalytic Inc. Ebutlated Bed Coat/Oil Co-Processing Prototype 4-57 
Underground Gasification, Steeply Dipping Bed 4-80 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4-66 

Swedish Investment Bank Nynas Energy Chemicals Company 4-68 

Tennessee Eastman Company Chemicals From Coal 4-54 

Texaco Inc. Cool Water Coal Gasification Project 4-55 
Texaco Coal Gasification Process 4-72 

Tosço Corporation TOSCOAL Process Development 4-73 

TVA TVA Ammonia-From-Coal Project 4-74 

Ube Industries, Ltd. Ube Ammonia-From-Coat Plant 4-74 

Uhde GmbH Rbeinbraun High Temperature Winkler Project 4-69 

Union Electric Company KILnGAS 4-63 

Union Pacific Corporation Underground Coal GAsification, Steeply dipping Bed 4-80 
Demonstration Plant 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-62 

University of Minnesota University of Minnesota Low-BTU GAsifier for Commercial Use 4-74 

University of North Dakota Gasification Environmental Studies 4-59 

United Coal Company Mild Gasification Process Demonstration Unit 4-66 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-51 
Appalachian Project 4-52 
Cyclone Combustor Demonstration Project 4-56 
Ebutlated Bed Coat/Oil Co-Processing Prototype 4-57 
Flash Pyrolysis of Coal with Reactive and Non-Reactive GAses 4-58 
Great Plains Gasification Project 4-60 
KILnGAS Project 4-63 
Kohle Iron Reduction Process Demonstration Project 4-64 
KRW Advanced Coal Gasification System for 4-64 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-65 
Mild Gasification Process Demonstration Unit 4-66 
Mountain Fuel Coat Gasification Process 4-67 
Simplified IGCC Demonstration Project 4-71 
Tidd Pressurized Fluidized Bed Demonstration Project 4-73 
University of Minnesota Low-BTU Gasifier for 4-74 

Commercial Use 
Underground Coal Gasification Rocky Mountain I Test 4-79
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Company or Oreanization Proicct Name 

Underground Coal Gasification, Steeply Dipping Bed 4-80 
Demonstration Plant 

Underground Coal Gasification, Brazil Project 4-75 

United States Department of Commerce Chiriqui Grande Project 4-54 

Veba Gel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-42 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-75 

Weirton Steel Corporation Kettle Iron Reduction Process Demonstration Project 4-64 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-68 

West German Federal Government Underground Coal Gasification, Joint Bclgo-Gcrinan Project 4-77 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-52 
Research & TEchnology GFI( Direct Liquefaction Project 4-60 

PRENFLO Gasification Pilot Plant 4-68 
Rheinbraun High TEmperature Winkler Project 4-69 
Rheinbraun Hydrogasiflcation of Coal To SNG 4-69 

West Penn Power Company KILnGAS Project 4-63 

Westinghouse Electric Appalachian Project 4-52 
KRW Advanced Coal Gasification System for Electric 4-64 

Power Generation

'I
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