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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles In This Issue 

Global Methanol Association Proposed 

A committee of international methanol producers and consumers has proposed an 
international association provisionally known as the International Methanol 
Producers and Consumers Association. See page 11. 

LIA Projects An Increasing Dependence on Oil And Gas for Electric Power 

The EIA's 1987 Annual Outlook For U.S. Electric Power forecasts electricity 
supply, demand and prices through year 2000. The Outlook forecasts increased 
use of oil and gas; however coal and nuclear generation will still provide 
56 percent of total electricity demand. See page 1-4 for a summary. 

New Chevron Outlook Puts Synfuéls Further Into Future 

Chevron says the cost to produce shale oil today is prohibitive, but may be 
economic by the 21st century if crude oil prices approach $60 a barrel. Their 
forecast is presented on page 1-9. 

Comparative Economics for Alternative Fuels Show Oil Shale and Tar Sands Ad-
vantages 

The comparative economics for various alternative fuels technologies, including 
tar sands, oil shale, coal gasification and direct coal liquefaction were sum-
marized recently by I. Leibson. For a summary of the economics involved see 
page 1-13. 

Hydrogen Research May Be Due for Revival 

Research on hydrogen as a clean fuel is currently stagnant in the United States 
but other countries are moving ahead with hydrogen programs. See page 1-16. 

Biological Conversion of Synthesis Gas to Methane Is Possible 

Researchers at the University of Arkansas have been studying the possibility of 
upgrading synthesis gas by contacting it with anaerobic bacteria as an alternative 
to catalytic upgrading. Because processing temperatures are much lower, ef-
ficiencies are expected to be quite high (page 1-17). 

New Diesel Emission Standards May Promote Use of Methanol 

New EPA standards may be tough to meet with petroleum distillate fuel. 
Methanol is being explored as an alternative fuel by diesel engine manufacturers. 
Other alternative are discussed beginning on page 1-26. 
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National Acid Precipitation Report Generates Controversy 

Results of the five-year NAPAP study suggest the add rain problem has been 
greatly exaggerated In the public eye. The report also states that the acidity of 
most northeastern watersheds has stabilized and no further increases in acidity 
are expected wage 1-28). 

Petrosix Plant Gets New Data System 

A new data acquisition system was installed in July, 1987 at the retorting unit 
of the Irati Prototype plant. The system replaces oil multipoint temperature re-
corders as well as having other functions such as data input by operator, alarm 
monitoring and report output. See page 2-1 for a description of the system. 

Unocal Shipments Near halt Minion Barrels 

Monthly shipments of shale oil from Unocal's Parachute, Colorado plant are 
shown for December, 1986 through September 1987 on page 2-1. 

Ramex Pilot Program Successful 

On November 24, 1987 Ramex Synfuels International announced the completion of 
Its oil shale gasification pilot project near Rock Springs Wyoming. Ramex has 
also announced the start of a commercial production program in Kentucky and 
Tennessee. See page 2-2. 

SPP/CPM Report Continuing OR Shale Activities 

Southern Pacific Petroleum NL and Central Pacific Minerals ML of Australia 
continue progress with Rundle and Condor and other oil shale projects. The 
companies' program to test and evaluate the application of the Taciuk process to 
Stuart oil shale continued on schedule. See page 2-3. 

Indiana to Test Shale Oil Asphalt 

The Indiana Department of Commerce, Division of Energy Policy, says that a 
newly developed process utilizing Indiana shale oil along with other binders and 
aggregates to make asphalt could produce a product which lasts substantially 
longer than conventional asphalts (2-5). 

Government Leadership Required for Oil Shale Says Vawter 

R. G. Vawter of Western Research Institute urged elected officials to exert 
leadership in long-term planning for oil shale at the meeting of the Rocky Moun-
tain Oil and Gas Association Committee on Oil Shale in Denver, Colorado on Oc-
tober 7. As reported on page 2-6 Vawter believes another oil crisis will occur 
in the 1990's but stated that oil shale may be passed over once again unless 
more government funding is provided for research. See page 2-6. 
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Bureau of Mines Describes Exhaust System for Diesels in Oil Shale Mines 

The United States Bureau of Mines studied tour dry exhaust conditioning systems 
for use on large vehicles operating in an underground oil shale mine. A heat 
exchanger with a mechanical flame arrester and flame diluter was the preferred 
system. See page 2-8. 

CSIILO Patents Oil Shale Retorting Process 

The invention is for a continuous process for the recovery of hydrocarbon values 
from oil shale, using the hot shale solids residue as a heat carrier. The overall 
thermal efficiency of the process including heat losses from equipment exceeds 
70 percent when no external heat source is used. See page 2-10 for a detailed 
description of the process. 

Gasification of Eastern Oil Shale in Fluidized Bed Reported by IGT 

IGT and HYC RUDE Corporation are investigating the potential for using oil shale 
fines (smaller than three millimeters) from the HYTORT retorting process for 
the production of synthesis gas. Fluidized bed gasification tests were conducted 
in a PDU using steam and oxygen with Indiana New Albany shale (page 2-12). 

Mobil Patents Solvent Retorting Process 

The patent, issued to Mobil Oil Corporation, relates to a novel method for im-
proving the recovery of hydrocarbon fluids from oil shale by retorting a mixture 
of oil shale and a hydrocarbon fluid. Several patents concerning the use of sol-
vents when retorting shale have already been issued, but the Mobil patent uses 
much milder process conditions. See page 2-15. 

Brazil's Petrobras/Six Opens Patent Exhibit and Develops New Projects 

To celebrate its 33rd anniversary, the shale oil industrialization plant (Six) lo-
cated in Parana state has Inaugurated a permanent exposition of patents for 
processes and equipment developed by Petrobras engineers. As discussed on page 
2-18 Six is also developing a spouted bed technology for oil shale fines 
pyrolysis. 

Electrolytic Oxidation and Ultrasonic Energy Used to Dissociate Stuart Oil shale 

Through work carried out at the University of Southern California it was found 
that a significant 44-50 percent of a Stuart oil shale sample was dissociable by 
using electrolytic oxidation and ultrasonic radiation simultaneously in alkaline and 
aqueous solution. See page 2-24. 

Department of the Interior Determines Toad-Flax Cress to be Endangered Species 

The toad-flax cress is endemic to the Uintah Basin of northern Utah on shale 
barrens of the Green River Formation. Its classification as an endangered 
species could have an impact on future oil shale development in Utah. See page 
2-26 for a discussion.
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Fish and Wildlife Service Proposes Relocating Colorado Squaw Fish 

The Colorado Squawflsh is an endangered species whose presence may affect fu-
ture developments on the upper Colorado River in Colorado. The United States 
Fish and Wildlife Service has recently proposed to relocate an experimental 
population of squawfish into the lower Colorado River in Arizona (page 2-30). 

Senate Committee Considers Oil Shale Claims Legislation 

The Senate Energy Committee, Mineral Resources Subcommittee held an over-
sight hearing on oil shale mineral rights claims on October 16, 1987. As 
reported on page 2-31 the committee should mark up early next year either a 
House-passed oil shale bill (HR 1039) or a bill which Senator Wirth of Colorado 
may Introduce to prevent the patenting of virtually all remaining oil shale claims 
in Colorado, Utah and Wyoming. 

Tco to Exercise Option to Purchase Oil Shale Property 

The New Paraho Corporation received notice that The Oil Shale Corporation will 
exercise Its right to purchase interests in certain shale oil properties known as 
the Ertl block, which the New Paraho owns in Rio Blanco County, Colorado. 
See page 2-33. 

Wolf Lake 2 Contract Awarded to Fluor 

BP Canada has awarded a $60 million contract for the Wolf Lake 2 expansion 
project central plant to Fluor Canada, Ltd. According to BP (page 3-1), Wolf 
Lake 2 is expected to boost existing production to 24,000 barrels per day when 
it comes onstream in late 1989. 

Suncor Plans 10,000 Barrel Per Day Expansion 

Suncor Oil Sands Group announced their intention to invest approximately 
$150 million in a 10,000 barrel per thy expansion of the production and upgrad-
ing capacity of their Fort McMurray oil sands operation (page 3-1). Production 
capacity and upgrading capacity will be 63,000 barrels per thy and 73,000 barrels 
per day respectively. 

Shell Plans 40,000 Barrel Per Day Expansion at Peace River 

Shell Canada Ltd. has filed an application with the Alberta Energy Resources 
Conservation Board for a $570 million expansion of its Peace River in situ oil 
sands project. The expansion would increase production to 50,000 barrels per 
day. See page 3-2. 

Suncor Plant to be Out of Commission Until April 

Damage sustained in the October 11 fire at the Suncor oil sands plant in Al-
berta, Canada may amount to $45 million according to Sun Company estimates. 
The company also projected a net loss of about $8 million ($US) in the fourth 
quarter (page 3-2). Sun anticipates partial production at the plant to be restored 
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by late January 1988, with full production expected by early April. 

Sceptre Resources Kicks Off Tangleflags North Project 

Sceptre Resources Limited opened its Tanglef lags North pilot project in October, 
1987. The pilot features Saskatchewan's first horizontal heavy oil well. See 
page 3-3 for a project description. 

AOSTR A Publishes Survey of Heavy Oil and Oil Sands Projects 

AOSTRA has published its fifth annual survey of Experimental OH Sands, Heavy 
Oil and Enhanced Recovery Pilot Projects. Heavy oil and oil sand activity has 
declined. As listed on page 3-6, one quarter of the projects which were active 
a year ago are no longer operating. 

Working Group on Laboratory Standards for Tar Sands Holds Meeting 

The UNITAR/UNDP Information Centre for Heavy Crude and Tar Sands working 
group held its first meeting with the objective of establishing a collaborative 
laboratory study for the standardization of methods for characterizing heavy 
crude and tar sands. See page 3-8 for details of the testing program. 

Dome Accepts Takeover Bid by Amoco 

Dome Petroleum Ltd. accepted a takeover proposed by Amoco Canada Petroleum 
Company, Ltd. after Amoco Canada raised the amount to be paid to Dome's 
lenders and shareholders to about C$5.5 billion. See page 3-11. 

DOE Small Business Innovation Program Issues Tar Sands Solicitation 

The United States Department of Energy's office of Small Business Innovation 
Research has issued a Program Solicitation for innovative methods and concepts 
that will allow more efficient, effective, economical, and environmentally ac-
ceptable enhanced oil recovery and recovery of syncrude (bitumen) from tar 
sands. Research involving tar sands is sought in four topics listed on page 3-12. 

Shortage of Refining Capacity for Canadian Heavy Oil and Bitumen Predicted 

Amoco Canada projects a shortage of refining capacity for Canada's heavy crudes 
in the 1990's. Declining crude oil reserves and increased production of heavy 
oil and bitumen are said to be the main factors for the predicted refining 
shortage. See page 3-14. 

Economics of Downhole Steam Generators Depend on Flue Gas Benefits 

The economics of downhole steam generation (DSG) were discussed at the 38th 
Annual Technical meeting of the Petroleum Society of CIM. DSG appears 
economical only if the additive effect of flue gas Increases the oil to steam 
ratio by more than 33 percent (page 3-17). 
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Bitumen From Tar Sands Could Make Superior Road Asphalt 

The Western Research Institute presented results of a study that tested tar sand 
asphalts prepared from different material sources and by different recovery 
methods. As shown on page 3-22, tar sand asphalts prepared from bitumen have 
some desirable road paving properties that are superior to those of petroleum as-
phalts. 

Chevron Patents Tar Sands Extraction Process 

A United States patent has been issued to Chevron Research Company for a 
"Solvent Extraction Process for Recovering Bitumen Tar Sand." The process 
recovers bitumen from tar sand by direct solvent extraction followed by washing 
of the sand tailings with counter-current solvent flow and a solvent/aqueous 
phase separation step to recover solvent and residual bitumen. For a detailed 
description see page 3-25. 

Bureau of Mines Reviews Borehole Slurry Mining for Oil Sands 	 - 

A new report that reviews the developmental work carried out from 1974 to 
1980 on borehole (slurry) mining of coal, uranium, oil sands and phosphate ore 
has been issued by the Bureau of Mines. The report concludes that borehole 
mining field tests of oil sands demonstrate the technical feasibility of the 
remote extraction of oil sands through boreholes, but at rates too low for com-
mercial viability. See page 3-29. 

Electrical Preheat Promising for In Situ Oil Sands Recovery 

An AOSTRA study on the in situ electromagnetic heating of Athabasca oil sands 
concludes that economical electrode design able to transmit substantial power to 
the appropriate formation would make the process feasible. See page 3-31 for a 
detailed description of the process. 

PYROSOL, Process Promising for Coprocessing 

CCLC Technologies Inc. and a large German mining and utility company, GfK, 
are developing a process that simultaneously upgrades heavy oil along with sub-
bituminous coal. Results from preliminary work on the "PYROSOL Process" are 
said to be encouraging. See page 3-35. 

Oleophilic Sieve Development Proposes Sludge Recovery 

Oleoplillic Sieve Development of Canada Ltd. has proposed a solution to the tar 
sands sludge problem. The proposed process would recover bitumen from sludge 
and also use sludge to process mined oil sands. The Oleophilic Sieve process 
would eliminate the environmentally costly sludge problems associated with the 
currently used Clark system of oil sands processing. See page 3-37. 

Sasol Weathers Price Drop In Good Shape 

Sasol's 1987 Annual Report notes that in spite of a 34 percent decline in product 
prices, company profits declined by only 8.6 percent. 	 Increased production 
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while keeping operating cost increases to less than the rate of inflation were the 
keys to success.	 A summary of the Company's operating results begins on 
page 4-2. 

Appalachian Project Wins Government Funding 

The Appalachian Project, a joint venture of M. W. Kellogg Company and Bechtel 
has been awarded $87 million in financial assistance under the United States 
Department of Energy's Clean Coal Technology Program. The $244 million 
project involves an integrated gasification combined cycle project in Virginia 
utilizing the KRW gasification process (page 4-3). 

Great Plaii Plant Undertaking Byproducts Recovery Program 

ANG Coal Gasification Company received Department of Energy approval to 
begin a byproduct market development effort for the liquid byproduct streams 
produced at the Great Plains Plant. The effort will investigate a number of 
potential products to make from the tar oil, naphtha and crude phenol streams. 
The program is described on page 45. 

Shell Coal Gasification Plant Achieves Design Capacity Two Days After Startup 

The successful startup effort at the 250 ton per day, Deer Park, Texas plant was 
described recently by Shell engineers (page 4-7). 

Thirteen Organizations Indicate Interest in Great Plains Plant 

The United States Department of Energy has hired Shearson Lehman Brothers to 
find a buyer for the Great Plains Coal Gasification Plant. As a first step, ex-
pressions of interest were requested from potential buyers on November 20. 
Thirteen organizations responded, but no details have been released (page 4-8). 

Texaco to Study Hot Gas Sulfur Removal In Texaco Gasifier 

As reported on page 4-9, Texaco has been awarded funding for a five-year 
cooperative development program concerning hot gas sulfur removal systems for 
coupling to the Texaco coal gasifier. 

DOE Await Contracts for Mild Gasification Studies 

The United States Department of Energy has authorized first-phase funding to 
four different contractor teams to study the concept of mild gasification of coal. 
Funding for additional phases will probably be awarded to only one of the teams. 
The program is described on page 4-12. 

DOE Advisory Group Issues Recommendations for Coal Gasification Research 

The Working Group for Assessment of Coal Gasification Research Needs 
(COGARN) issued a report earlier this year, which summarizes expert opinion on 
the highest priority areas for research in the field. A brief abstract of the 
report is given on page 4-14.
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Wyoming Decides an Funding for Cool Projects 

The State of Wyoming has authorized assistance to coal projects, sponsored by. 
Charfuel of Wyoming, Energy Brothers, and Wyoming Coalbrik. See page 4-17 
for short descriptions of the projects. 

DOE Readies Agreements an Clean Coal Projects 

In September, DOE wrapped up financial agreements under the Clean Coal Tech-
nology program with three of the last five projects which had been in nego-
tiations. The last two dropped out and were replaced by other projects from 
DOE's list of alternates. A status report is given on page 4-18. 

Catalytic Pyrolysis, A New Direction for the Thermal Conversion of Coal 

Work in the U.S.S.R. Is underway on the pyrolysis of coal in fluidized beds of 
solid catalyst. - A report from a recent conference in Czechoslovakia begins on 
page 4-28. 

Mad Dog Cement Solves UCG Problems 

A foaming mud cement has been developed by In Situ Technology Inc. for putting 
out underground coal mine fires and creating stabilized backfill. As noted on 
page 4-30, this approach could prove useful in underground coal gasification. 

Voest-Alpine Process Gasifies Both Lump and Fine Coal 

A coal gasifier of novel design has been built and tested by Voest-Alpine AG of 
Linz, Austria.	 The slagging gasifier, which handles both lump coal and coal fines 
in separate streams, is described on page 4-33. 

China May Require, 100 Coal Gasification Projects 

Chinese authorities are encouraging the development of town gas systems to 
supply domestic needs in the largest cities. According to one estimate, this 
could result in a need for up to 100 major coal gasification projects by the year 
2000. Details on page 4-36. 

K2G Outlines German UCG Research Program 

Underground coal gasification is seen as a long-term option for deeply buried 
coal resources in West Germany. K2G is a German organization attempting to 
create a suitable research and development plan. Their efforts are reported on 
page 4-38. 

Japan's CRIEPI to Build Entrained Flew Gasifier In 1988 

The Central Research Institute	 of	 the Electric Power Industry will begin con-
struction on a 200	 ton per thy air-blown pressurized two-stage entrained-flow 
gasifier in 1988.	 Project schedule is on page 4-39.
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CORPORATIONS 

ALBERTA RESEARCH COUNCIL DESCRIBES 
PROGRAMS IN OH. SANDS AND COAL 

The Athena Research Council carries out a broad 
program of research in oil sands and coal. These 
were described In their Annual Report. 

OR Sands 

During the past five years, Alberta Research Council 
staff have been Investigating the use of steam-based 
processes for in situ recovery of oil from heavy oil 
and oil sands deposits In Alberta; a major part of this 
work is jointly funded with the Alberta Oil Sands 
Technology and Research Authority (AUSTRAL. 

Under the. Core Program, funded equally between the 
Research Council and AOSTRA, the Alberta Research 
Council focuses on regional generic problems, 
evaluates and verifies novel concepts investigates fun-
damental reservoir mechanisms, supports long-term 
technology development, and makes Information avail-
able to members of AOSTRA's Industry . Access 
program. 

In the Strategic Program, researchers work on site-
specific problems, further develop process concepts 
from the Core Program and the AOSTRA/Universlty 
program, focus on process development for field ap-
plication, support short- and medium-term needs and 
evaluate innovative process concepts from other 
sources. 

The success of an enhanced recovery process, either 
for conventional oil or heavy oil, depends on the 
ability of the operator to inject and produce large 
volumes of fluids. Laboratory and field analysis have 
shown that every field operation —drilling, completion, 
production--is a source of potential reservoir damage 
that can limit potential productivity. Scientists 
recognize the significance of the near-well region and 
are developing techniques to evaluate formation 
damage. Recent developments In the theories of col-
bid chemistry have contributed to the understanding 
of physical damage by movement of fines. The re-
searchers are working on techniques to eliminate or 
minimize permeability damage in the near-well region. 

A common problem encountered during steam injection 
processes is the heterogenous nature of the reservoir. 
High permeability steals valuable steam. Injection of 
a foam has been tried to plug the thief-zone and 
divert the steam flow to more productive regions, 
thus enhancing oil production. Although the reported 
success rate In the field has been less than 
50 percent, due to instability of the foams In the 
reservoir, laboratory experiments have led to dis-
covery of conditions for generating the foams at 
steam injection conditions with promising results. 

Mathematical models explaining the effects of steam 
additive processes and the transport of silica and 
other minerals are being used by the Computer

Modelling Group in Calgary to develop commercial 
simulators with greater physical reality to predict and 
optimize oil production from reservoirs. 

The Karl Clark hot water process recovers almost all 
of the bitumen from high-grade Athabasca oil sand in 
commercial operations, but significant losses of 
bitumen from low-grade ores often occur. Research 
Council scientists have found the losses were due to 
an Interaction between the fines and salts in the low-
grade ores. Under conditions of low pH or high salt 
concentration In the conditioning drum,- fines In the 
oil sand will coagulate. In low concentrations, the 
fines contaminate the bitumen froth and place a bur-
den on the froth clean-up units. In high concentra-
tions, they cause the bitumen to sink and be lost in 
the tailings ponds. Scientists have Identified the con-
ditions necessary in the process to prevent the fines 
from coagulating by increasing the water to oil sand 
ratio and reducing the caustic addition compared to 
that used in conventional conditions. Major improve-
ments in recovery have occurred in testing programs. 

The Alberta Research Council set up a consortium of 
companies to see if instrumentation could be 
developed to measure the composition of production 
fluids from heavy and light oil reservoirs. This re-
search has resulted in an advanced metering technique 
using neutron activation and high and low energy 
gamma rays to measure fractions of oil, water, gas 
and solids in flowing pipe systems. More recently the 
Alberta Research Council has brought into the picture 
two additional oil companies and Atomic Energy of 
Canada to extend the study and build a prototype in-
strument to be tested in the laboratory. 

With increased use of synthetic crudes from heavy oil 
and bitumen, the oil industry requires a better method 
for analyzing diesel fuels and heating oils to maintain 
product quality. This demand led to a cooperative 
effort between the Alberta Research Council and a 
commercial laboratory, to jointly develop such a 
method. The project was funded by CANMET. 

Coal 

The objective of research in coprocessing of coal and 
bitumen is to evaluate its economic advantage over 
heavy oil and bitumen upgrading. Although the tech-
nology for liquefaction coprocessing of coal and 
bitumen/heavy oil, developed by the Alberta Research 
Council, is competitive with other new technologies, 
an economic study has indicated it is less attractive 
than a new German process, Pyrosol. Under a con-
tract to study the suitability of the Pyrosol process 
to Alberta coals and bitumen, research staff com-
pleted phase one. They constructed a laboratory 
scale hydrocoker and bench scale Pyrosol unit, com-
pleted the "proof of concept" stage, and established a 
process suitable for coprocessing Alberta sub-
bituminous coal with heavy oil. 
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Hydrocarbon Research Inc., of Lawrenceville, New 
Jersey, has successfully demonstrated its ebuflated-bed 
reactor technology for converting mixtures of coal 
and heavy oils into high quality liquid fuels. This 
technology could help introduce two of Alberta's 
major energy resources into Canadian and American 
liquid fuel markets. The Alberta Research Council 
conducted studies for the characterization and reac-
tivity screening of feedstocks. Other partners in the 
project are the Ontario-Ohio Synthetic Fuels Corpora-
tion Ltd., the State of Ohio and the Electric Power 
Research Institute. 

Small amounts of heavy oil or bitumen added to coal-
water slurries produce agglomerates —balls of high 
quality coal up to the size of marbles —when pumped 
through a pipeline or stirred in a tank. The ag-
glomeration process results in the simultaneous 
beneficiation of different ranks of Alberta coals by 
removing ash detrimental to conversion processes and 
suppressing the absorption of moisture. When applied 
to subbituminous coals, this process generates high 
calorific value solid fuel, characterized by very good 
combustion properties. Furthermore, this process gen-
erates, during preheating of agglomerates, high quality 
asphaltene-free, distillable oil. Results of preliminary 
economic analyses underscore great potential for the 
agglomeration/oil purification process. 

The Office of Coal Research and Technology con-
tracted the Athena Research Council to develop a 
joint industry and government coal combustion re-
search program. The combustion group also developed 
in-house facilities to study the combustion properties 
of solid fuels. 

Hydrocarbon Upgrading 

The Alberta Research Council completed a three-year 
joint research project with AOSTRA in hydrocarbon 
upgrading. The major thrust of the first phase has 
been the development of a solid base of facilities and 
expertise to carry out research in bitumen upgrading. 

Energy Resources 

The Athena Research Council evaluates the province's 
coal resources, providing geological information to as-
sist government and industry in research and develop-
ment. 

An overview study on the present status of coal 
geological research in Alberta will provide Alberta 
Energy with a framework for administering coal geol-
ogy research funds. These research funds are avail- 
able to universities and the private sector as well as 
the Alberta Research Council. 

Enormous - new resources have been delineated in 
studies of the Horseshoe Canyon, Belly River and 
Paskapoo Formations. The coal industry has expressed 
interest in these reports to help guide their initial 
exploration programs. 

Structurally thickened coal in the foothills regions and 
mountains can be identified through computer-
produced cross sections, and is useful to mine owners

in overall site development. The Alberta Research 
Council and Smoky River Coal Limited have 
cooperated to prove the methodology and it has been 
used successfuliy to help in defining a new mine. 

Geological information is fundamental for companies 
planning development of in situ oil sands and heavy 
oil deposits. The Alberta Research Council, supported 
by the Alberta Oil Sands Technology and Research 
Authority, conducts major regional investigations of 
Alberta's oil sands and heavy oil deposits. These in-
vestigations have produced an extensive data base and 
geological expertise that is unique both within and 
beyond Alberta. 

The Research Council and AOSTRA have jointly spon-
sored a series of workshops on each of the major oil 
sands deposits and the heavy oil belt for companies 
involved or interested in thermal recovery of in situ 
pilot projects. The workshops dealt with the geologi-
cal parameters which can affect pilot siting and 
operational strategy. 

Under its joint program with AOSTRA and Alberta 
Energy, the Alberta Research Council has continued 
resource Characterization of the central Athabasca 
and northern Cold Lake Areas. 

GLOBAL METHANOL ASSOCIATION PROPOSED 

The formation of an international methanol producers 
and consumers association has been proposed by a 
committee of major methanol producers and traders. 
The committee is composed of members from Saudi 
Arabia, the United States, Japan, The Netherlands, 
Great Britain, West Germany and New Zealand. 

The association would collect data contributed by 
members on production of methanol worldwide and 
provide information on legislation, regulations, 
processes and end-uses. The association—provisionally 
known as the International Methanol Producers and 
Consumers Association (IMPCA) —would be open to all 
producers, consumers, marketing companies and serv-
ice companies. The purpose of IMPCA Is to integrate 
Industry membership worldwide, reflecting the 
dramatic shift In methanol production in the past 
10 years from the consuming areas — Europe, Japan and 
the United States —to energy-rich areas, such as the 
Middle East, North Africa and the U.S.S.R., and the 
emergence of global trade in methanol. 
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GOVERNMENT 

DEPARTMENT OF ENERGY AND KENTUCKY SIGN 
FOSSIL FUEL AGREEMENT 

The United States Department of Energy and the 
State of Kentucky have signed an agreement setting a 
framework for cooperation in coal, oil shale and other 
fossil fuel research. The "memorandum of 
understanding" is the fourth such agreement signed by 
the Energy Department with a state government. 

It establishes a formal mechanism for the federal 
government and the Commonwealth of Kentucky to 
exchange information and technical data along with 
instruments and components for test purposes. It also 
permits exchange visits by scientists, engineers and 
other specialists participating in coal, oil or gas re-
search.	 - 

Although no specific joint funding arrangements are 
called for in the agreement, the document indicates 
that joint research projects, which may include 
federal-state cost-sharing, could be specified later. 

Specific areas of cooperation called for in the agree-
ment Include: 

- Coal technology research and development (to 
Include liquefaction, gasification, coal prepara-
tion, combustion and environmental control 
technology)

- Oil shale research 

- Fossil fuel resource assessment and charac-
terization 

- Fundamental science and environmentally-
related investigations relevant to fossil energy 
resource assessment and characterization, ex-
traction, utilization, conversion and develop-
ment 

- Other areas of fossil energy and development 
as may be mutually agreed upon 

Specific research activities undertaken by Kentucky 
under the agreement will be approved and conducted 
by the Kentucky Energy Cabinet, acting for the 
Commonwealth. The agreement is to remain in force 
for five years and may be extended by mutual agree-
ment. 

Previously, the Energy Department had signed similar 
agreements with the states of Alaska, Illinois and In-
diana. 
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ENERGY POLICY AND FORECASTS 

flA PROJECTS AN INCREASING DEPENDENCE ON 
OIL AND GAS FOR ELECTRIC POWER 

The United States Energy information Agency's (EIA) 
1987 Annual Outlook for U.S. Electric Power predicts 
an increasing dependence on oil and gas for the gen-
eration of electricity. 

For the first time, this year's Outlook enters the 21st 
century, forecasting electricity supply, demand and 
prices through 2000. As In past forecasts, the EIA 
states that the outlook for the United States electric 
power industry through 2000 depends on several fac-
tors, Including the overall rate of economic growth, 
the price and availability of fuels, the price of 
electricity relative to other energy sources, and the 
type and rate of growth of generating capacity. 

The three basic scenarios presented include: (1) a 
base case, (2) a higher-than-base economic growth 
case, and (3) a lower-than-base economic growth case 
(Table t). These cases differ in their economic 
growth (0 NP) and world oil price assumptions. 
Table 1 gives the growth rate assumptions for GNP 
and world oil prices, and the projected growth rate of 
electricity demand in each of the three cases. Two 
additional scenarios are also discussed in the Out-
look. First is a high-electricity-demand case in which 
growth of industrial electricity demand was assumed

to be much higher than in the base case. This case, 
with the same assumptions of world oil prices and 
GNP growth as in the base case, was prepared to 
determine the effect that higher electricity demand 
would have on electricity prices, and the need for ad-
ditional capability. Second is a low coal- and 
nuclear-capability case, with the same macroeconomic 
and world oil price assumptions as in the low-growth 
case, in which all coal-fired plants planned but not 
yet under construction and nuclear plants that were 
less than 40 percent complete were assumed to be 
canceled (Table 1). 

Demand 

From 1985 through 2000, growth in demand for 
electricity In the United States (2.6 percent per year) 
is projected to be about the same as overall economic 
growth (2.5 percent per year). In contrast, the 
growth in demand for total end-use energy is 
projected to be much lower, only 0.6 percent per year 
over the same period. In fact, excluding electricity, 
the demand for end-use energy is projected to grow 
only 0.2 percent per year (Table 1). Thus, the 
demand for electricity is growing much more rapidly 
than the demand for other forms of energy. 

The shares of electricity consumption among the 
major end-use sectors-residential, commercial and 

TABLE 1 

aLSiORICAL AND PROJECFU) END-USE (X*1SUIWFI(XA 
OF F2'IEWY AND ELEC17RICITY

(Quadrillion Btu) 

Actual Base-Case Projections 
Sector 1985 1990 1995 2000 

Energy Consumption by 
Electric Utilities 26.4 29.4 34.4 38.1 

End-Use Energy Consumption 
Residential 8.8 9.5 9.9 10.0 
Commercial 6.1 6.5 7.1 7.4 
Industrial 20.3 21.4 21.9 22.5 
Transportation 20.1 20.7 20.3 21.0 

Total 55.3 58.1 59.1 60.9 

Electricity Sales By 
End-Use Sector 
Residential 2.7 3.1 3.6 4.0 
Comnrciai/Other 2.4 2.6 3.0 3.4 
Industrial 2.8 3.2 3.8 4.1 

Total 7.9 8.9 10.4 11.6 

Total U. S. Energy 
Consuaption 73.9 78.6 83.1 87.3
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industrial —are expected to remain virtually unchanged 
over the forecast period. 

The rate of growth of total energy consumption has 
declined substantially In the past 20 years. After 
averaging almost five percent annual growth between 
1965 and 1970, it fell to just over one percent an-
nually from 1970 through 1980. This declining trend 
continued in the early 1980's. Following a similar 
pattern, end-use consumption of energy per dollar of 
GNP has declined steadily since 1972, falling nearly 
three percent per year between 1972 and 1985. 

This trend toward declining energy use has been par-
ticularly strong in the industrial sector of the 
economy. 

However, growth in electricity demand is not ex-
pected to slow as much as the growth in demand for 
other energy sources (Table 1). Even with the reces-
sion in 1982, the demand for electricity grew from 
1980 through 1985. Relative to other energy forms, 
electricity has become an increasingly important 
source of energy in all end-use sectors (except 
transportation). While total consumption of energy, 
excluding electricity, fell between 1080 and 1985, the 
demand for electricity grew. Thus, while total end-
use consumption of energy is projected to grow only 
0.9, 1.3, and 0.7 percent per year in the residential, 
commercial, and industrial sectors, respectively, the 
demand for electricity is projected to grow 2.7, 7.5, 
and 2.6 percent per year. If projected growth In 
electricity demand is excluded, total energy consump-
tion would be expected to decline in the residential 
sector and grow very little in the other sectors. 

Electricity demand is projected to grow more rapidly 
through 1995 than between 1095 and 2000, chiefly be-
cause the recent sharp decline in world oil prices Is 
expected to boost economic growth. World oil prices 
are not projected to rebound to their 1985 level until 
1996. After 1995, growth in demand for electricity is 
projected to taper ore. Total demand for electricity 
Is projected to grow 1.0 percent per year between 
1985 and 1995, before declining to 2.2 percent per 
year between 1995 and 2000. In the industrial end-
use sector, the change is more abrupt, with demand 
growing 3.0 percent per year between 1985 and 1095 
before failing to 1.8 percent per year between 1095 
and 2000 (Table 2). 

Supply 

Many utilities are exploring alternative methods of 
satisfying electricity demand. Some are taking direct 
action to alter both the quantity and time distribution 
of the electricity demand they must supply. Load 
management techniques, such as time-of-day pricing 
and introduction of utility-controlled appliances, 
enable utilities to shift demand away from high-
demand time periods. They help utilities make better 
use of their generating equipment and reduce use of 
units with higher generating costs, which are called 
upon during periods of extremely high demand. 

Other utilities are seeking alternative sources of 
electricity supply, such as purchases of power from

other United States or foreign utilities, and from non-
utility sources, such as cogenerators and small power 
producers. Purchases of power from these sources 
should help to lessen the need for new generating 
equipment. Based on contracts, licensing agreements, 
and negotiations between United States utilities and 
their counterparts in Canada and Mexico, net Imports 
of electricity are projected to grow from 41 billion 
kilowatt hours in 1985 to 68 billion kilowatt hours in 
2000, slightly less than two percent of total demand 
in both years. 

The EM projections call for cogenerators and small 
power producers qualifying under the Public Utility 
Regulatory Policies Act (PURPA) of 1978 to supply 
another two percent of total demand by 2000. 
PURPA requires that utilities purchase power offered 
by such independent suppliers. EIA developed its 
projections of nonutiiity-generated power obtained un-
der PU RPA from applications filed by cogenerators 
and small power producers with the Federal Energy 
Regulatory Commission, together with information 
supplied by State public utility commissions. Pur-
chases of nonuti lity-gene rated power are projected to 
grow from 23 billion kilowatt hours in 1985 to 
63 billion kilowatt hours in 2000. 

Generating Capacity 

Forecasts of growth in generating capacity are 
developed by matching projected electricity demand 
with all available sources of supply: current plans to 
expand capacity as reported by utilities; electricity 
imports; and purchases of power by electric utilities 
from nonutility sources. The total demand (net of 
imports and purchases from nonutiLities) is mapped 
into a load profile to determine the type of capacity 
needed. if projected capacity appears insufficient to 
meet demand, a new plant is expected to be built. 
Thus, E1A's projections include additions estimated as 
needed to meet demand but not currently Included in 
plans reported by utilities. 

Current utility plans for expansion of capacity show 
capability growing about 0.8 percent per year between 
1985 and 1995, a rate much lower than the 
2.8 percent growth rate projected for electricity 
demand (Table 2). Because utilities have been asked 
to report their plans only through 1995, for the most 
part they have not reported facilities planned after 
that time.	 The growth rate of capacity has fallen 
recently as utilities continue to adjust to slower ex-
pected demand growth. if utilities add the plants 
currently under construction or planned and retire 
plants as announced, total capability will grow by a 
net of 59 gigawatts from 1985 through 2000 (Figure 1). 

In the base case, 764 glgawatts of capability are 
projected to be needed in 2000 (Table 2). Subtracting 
utilities current plans for capacity expansion from 
EIAs projected needed capability in 2000 and adding 
the 11 gigawatts of additional retirements that must 
be replaced leaves nearly 60 gigawatts of unplanned, 
or unannounced, capability that utilities will need to 
construct between 1985 and 2000, most of it entering 
service after 1995. In fact, only about three of the 
00 gigawatts are projected to be needed prior to 
1995. 
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TABLE 2 

HIS'IDRIC&l. DATA AND BASE-CASK PROJECTIONS 

FOR U.S. ELECTRIC FG'IER 

Actual Projections 
Selected Values 1985

_____- 
1990 1995 2000 

Electricity Demand 
(Billion kIm) 
Residential 791 905 1,050 1,178 
Con,mrclal/Other 694 763 886 1,005 
Industrial 825 941 1,112 1,213 
Total 2,310 2,608 3,048 3,397 

Net Capability 
(Gigawatts) 
Coal Steam 285.8 295.5 317.5 342.1 
Other Fossil Steam 148.3 143.4 136.4 130.3 
Combined Cycle 4.6 4.7 4.7 11.3 
Combustion Turbine 44.5 45.3 49.9 72.3 
Nuclear Power 80.3 105.1 106.5 108.8 
Hydroelectric/Other 75.0 77.0 78.4 78.5 
Pumped Storage Hydroelectric 17.7 18.0 19.1 20.7 
Total 656.1 689.0 712.5 764.1 

Cumulative Capability Additions 
Fran Deceirber 31, 1985 
(Gigawatts) 
Planned by Utilities	 --
Additional ETA Estimates	 --

Total	 --

	

41.5	 68.0	 77.9 

	

0.0	 7.2	 69.7 

	

41.5	 75.3	 137.5 

Generation by Fuel Type 
(Billion kim) 
Coal 
Natural Gas 
Oil 
Nuclear 
All Hydroelectric/Other 

Total 

Price (1986 Mills Per 1dm) 
Capital 
Fuel 
Operation and Maintenance 

Total

1,402	 1,551	 1,805	 1,975 
292	 276	 334	 354 
100	 80	 174	 299 
384	 547	 586	 615 
292	 301	 307	 307 

2,740	 2,756	 3,207	 3,551 

32.08	 27.66	 18.93	 17.61 
21.00	 18.49	 23.03	 26.95 
17.32	 17.47	 16.94	 16.80 
70.40	 63.60	 58.90	 61.37
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Table 3 gives the projected requirements for addi-
tional net summer generating capability through 2000 
by plant type. No new construction of nuclear or 
hydroelectric plants Is assumed to begin over that 
period.

TABLE 3 

PROJECTED NEWS FOR ADDITIONAL 
GENERATING CAPABILITY ¶UMAX]H 2000

(Cigawatts) 

Plant	 Base Case 

Coat Steam 27.5 
Other Fossil Steam 0 
Combustion Turbine 25.7 
Combined Cycle 6.5 
Nuclear Paver 0 
Hydroelectric/Other 0 
Total 59.7

Even with this additional capability, individual plants 
will have to produce more electricity than they cur-
rently do In order to meet projected demands in 2000. 
In 1985, coal-fired plants had an average capacity 
factor of approximately 56 percent, while that of 
nuclear plants was 55 percent. By 2000, capacity 
factors for those plants are assumed to grow to 66

and 65 percent, respectively, as generating plants are 
more fully utilized and return to performance levels 
of earlier years. 

Electric Utility Fuel Use 

EIA projects that coal-fired and nuclear generation 
will continue to supply the major portion of United 
States electricity needs through 2000 (Figure 2). 
Coal-fired generation is projected to account for ap-
proximately 56 percent of total generation over tie 
entire forecast period. Nuclear powers share of total 
generation is expected to increase to almost 
23 percent in the late 1980s and early 1090's as units 
currently under construction are brought on line. 
However, with only one new plant due to come on 
line after 1996, nuclear power's share of electricity 
generation Is projected to decline to 17 percent by 
2000 (Table 2). 

Oil- and gas-fired generation are projected to con-
tinue to decline through the late 1980's before In-
creasing after 1990. By the mid-1990's, utilities will 
be faced with the need for additional generation 
above that provided by installed new capacity and, as 
a result, existing oil- and gas-fired steam plants are 
expected to be used more extensively. In addition, 
oil- and gas-fired combustion turbines are projected to 
be built. Thus, after falling from 16 to 13 percent 
of total generation between 1985 and 1090, oil- and 
gas-fired generation are expected to rebound to 
18 percent of total generation by 2000 (Table 2). 
Consumption of oil and natural gas by electric 
utilities is projected to increase over 70 percent by 
the year 2000, from an equivalent of almost 
1.9 million barrels of oil a day in 1985 to nearly 
3.2 million barrels a day in 2000. 
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Even with the sharp decline in oil prices in late 1985 
and early 1986, EIA does not project a major change 
in fuel-use shares by electric utilities. Some utilities 
are expected to increase their use of oil or switch 
dual-tired units from gas to oil, but switching from 
other fuels to oil is not expected to be significant. 

Electricity Prices 

Nationally, real electricity prices are projected to 
decrease 0.9 percent per year over the Outlook 
period. Initially, between 1985 and 1995, prices are 
projected to fall much more rapidly,	 about 
1.8 percent per year. However, between 1995 and 
2000, prices are 7rojected to rise 0.0 percent per 
year (Table 2). 

Falling capital expenses per unit of electricity are the 
major factor in the sharp price decrease between 
1085 and 1995. Utility programs for construction are 
slowing and few new plants are planned. Also, in-
creased demand allows capital costs of existing plants 
to be distributed over a larger sales base. 

Lower Cuel costs are also expected to contribute to 
decreasing electricity prices in the late 1980's and 
early 1990's. World oil prices, which fell sharply in 
1983 in real terms, are not expected to rebound to 
the 1.985 level until the mid-1390's. Also, the 
majority of the new plants coining on line are coal-
fired and nuclear, whose fuel costs are lower than 
those of plants fueled by either oil or natural gas. 
However, by the mid-1990's, fuel costs will begin to 
rise significantly. In fact, rising fuel costs are the 
major reason for the projected increase in electricity 
prices for 1995 to 2000.

Financial Outlook 

The financial health of the lnvcstor-owned utilities Is 
expected to Improve through the late 1980's, although 
some individual utilities still in the midst of construc-
tion programs might remain in financial distress. 2x-
isting capacity utilization rates are expected to rise, 
contributing to the 0.0 percent annual decline in the 
average price of electricity through 2000. The second 
half of the 1980's is projected to show Improvement 
In most financial indicators. For example, allowance 
for funds during construction, an imputed but noncash 
return on invested capital, decreases as a percentage 
of total earnings available to common stockholders 
from 30 percent in 1986 to 12 percent in 1990. In-
ternal cash flow as a percentage of construction ex-
penditures increases from 119 percent In 1986 to 
139 percent in 1990. 

By 1992, construction programs are expected to begin 
that will bring plants on line in the late 1990's 
(Figure 3). Annual construction expenditures on new 
plants, which are projected to hit a low in 1987 of 
$3.5 billion, are projected to increase to $4.0 billion 
by 1990. In the late 1990's, utilities' construction ex-
penditures on new plants are expected to peak at 
$17.4 billion. 
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NEW CHEVRON OUTLOOK PUTS SYNFUELS 
FURTHER INTO FUTURE 

Chevron Corporation's new World Energy Outlook, 
issued in October, sho ys an even more pessimistic 
outlook for synfuels than past forecasts. 

Chevron believe, that the oil price collapse of 1986 
marked the end of an era. Oil, which had seemed In 
the 1970's to be in an almost perpetual state of 
shortage, once again began to be regarded as "just 
another commodity." The early 1980's saw a growing 
surplus of oil-producing capacity—the result of conser-
vation by consumers combined with significant new 
sources of oil production. The price collapse con-
clusively demonstrated the power of the market place. 
Petroleum, like any other commodity, will respond to 
the economic forces of supply and demand. 

The Historical Perspective 

The dramatic events of 1986--and their Influence on 
the future — may be understood by examining them in 
historical context. Chevron notes that over the first 
70 years of the 20th Century, average United States 
wellhead prices, adjusted for inflation, have been 
surprisingly level at about $10 a barrel (Figure 1). 
At the same time, prices have shown considerable 
volatility around this average.

Oil prices rose in response to the Civil War, the 
Spanish-American War, World War I, and World War II. 
Each time, prices were reduced by technological ad-
vances. 

More recently, the price increases of the 1970's were 
associated with the Yom Yippur War, Iranian Revolu-
tion and Iran-Iraq War, 

Those sharp price Increases in turn stimulated tech-
nological advances permitting development of frontier 
oil provinces in the North Sea, the Alaska North 
Slope and Mexico. 

The decline in oil demand in the 1980's was also a 
significant factor In the oil price collapse of 1986. 
Technical innovations in conservation and improving 
energy efficiency have beer, responsible. 

Oil and politics have always been inextricably inter-
twined says Chevron. It Is quite probable that future 
oil supply disruptions will occur as the result of war, 
revolutions, or political turmoil. 

Long Term 

One of the big questions facing the industry Is 
whether the events of the past decade have signaled 
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FIGURE 1

CHEVRON'S CRUDE PRICE OUTLOOK 
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a change in the historical profile of relatively level 
oil prices. 

- For the first time, the cost of the next barrel 
to be discovered is higher than the cost of 
Vie barrel being consumed today. 

- The growing concentration of conventional oil 
reserves in the hands of relatively few produc-
ing countries will make it easier to exert 
political control Over prices. 

Figure 1 shows the development of oil prices through 
2100. From now until 2000, OPEC has sufficient 
reserves to control oil supply and, therefore, price 
(OPEC Control). However, after OPEC's Inexpensive 
reserves begin to be depleted, the cost of finding and 
producing the next Increment of world reserves will 
be hig:er. 

The next economic increment of oil, represented by 
the EOR (enhanced oil recovery) box, will be produced 
using EO It methods. Improved EO It technology is ex-
pected to make significant amounts of oil available at 
prices In the $25 to $40 a barrel range. it is an-
ticipated that ultimate recovery rates 'viii increase to 
50 percent or more of the ori ginal oil in place. 

After EOR, the next more costly large deposits are in 
the form of extra heavy oil, oil sands and bitumen 
(represented by the Extra Heavy Oil box). These 
resources represent potential future sources of 
hydrocarbons that can be converted to usable liquid

fuels, but not until the price reaches approximately 
twice that of today's conventional oil ($35 to 50 a 
barrel). 

The last box shown is Shale Oil. Chevron says the 
cost to produce shale oil today Is prohibitive, but will 
be economic by the lost halt of the 2 tst Century it 
crude oil prices approach $00 a barrel. 

The placement of the boxes on the time line Is a 
function of expected world oil consumption. Figure 2 
illustrates when each Increment of development will 
be required based on an assu med total consumption 
curve. Chevron assumes world oil consumption to 
grow 0.8 percent a year until 2000, gradually leveling 
off and starting to decline by the ,-niddle of the next 
century. 

Examination of this potential production profile sur 
gest.s that these resources could be developed sequen-
tially rather than simultaneously with each one peak-
ing as the previous one declines. 

The rate of real price growth--about one percent a 
year--is considerably lower than was generally ex-
pected in recent years. 

Chevron believes that a range of $15 to $30 a barrel 
describes the general limits within which OPEC can 
act unilaterally to set prices (Figure 3). If OPEC 
elects to increase market share by keeping prices at 
the lower edge of this range, the demand for OPEC 
oil will grow rapidly.	 Eventually, OPEC no longer 
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FIGURE 2 

FUTURE WORLD CRUDE OIL SUPPLY 

FIGURE 3 
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will have the production capacity to increase output, 
and prices will rise. Assuming sustainable OPEC 
production capacity is limited to its previous peak of 
about 35 million barrels a day, OPEC could hold the 
price down to $15 a barrel in order to increase 
market share only for about ten years.

Under the same production capacity assumption, 
OPEC's reserves are probably large enough to hold oil 
prices near $30 a barrel for up to twenty years. If 
prices are at the high end of the range, it is going to 
be difficult for OPEC to restrict production suffi-
ciently to maintain prices. 

Any price path within the general limits of the 
"OPEC Control" era depends to a large degree on 
OPEC production and investment policies. The two 
trends depicted on the chart suggest alternative price 
paths which reflect different, possible OPEC policies. 

Energy Demand 

In response to the precipitous drop in oil prices during 
1086, oil's share of total energy in the United States 
reversed the decline which began in 1979. Besides an 
Increase in transportation, cheaper oil displaced 
natural gas in industrial uses and in electric gener-
ation. Oil accounted for 44 percent of all energy 
consumed compared to 42 percent in 1985, while 
natural gas' share dropped to 21 percent from 
23 percent. The recent oil price recovery and the 
decline of other energy prices will cause the slow 
decline in oil's share of total energy to resume. 

Transportation fuels constitute two thirds of total oil 
consumption in the United States. In 1986, gasoline 
consumption rose three percent as motorists drove 
more miles than ever before. However, increasing 
automobile efficiency will offset future growth in 
vehicle traffic, and gasoline consumption will fall 
gradually (0.3 percent a year). 
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Efficiency of heavy-duty trucks will also improve with 
aerodynamic styling and smaller engines, but miles 
driven will increase as the economy expands. Diesel 
for truck use is forecast to grow at an average of 
1.2 percent a year. 

Jet fuel consumption increased 10 percent In 1986 as 
lower air fares, resulting from fierce intra-industry 
competition, increased air traffic by 13 percent. Jet 
fuel is expected to settle back to a slower one per-
cent average annual growth rate. 

Specialty petroleum products are expected to be the 
fastest rowing use for oil. Asphalt is needed to 
repair and maintain the extensive and deteriorating 
highway system. Petrochemicals are the raw 
materials for plastics and synthetic fibers which are 
Increasingly used in manufactured products. 

Heavy fuel oil use has declined since the early 1980's. 
Some growth is anticipated in electric generation 
where existing oil plants will be more heavily utilized 
as electricity demand grows and generating capacity 
becomes tight. Demand in the industrial sector will 
also experience some growth due to the convenience 
of oil versus coal.

sociated with more mature United States oil fields 
will make It difficult to reverse the declining domes-
tic supply trend. Production from traditional produc-
ing states such as Texas and Louisiana, which were 
hit hardest by the price decline, will continue to fall 
at current rates until oil prices begin to increase in 
the 1990's. By 1995, the rate of decline of United 
States supply is expected to stabilize around two per-
cent a year. 

Two bright spots in the 1987 supply picture are new 
production from offshore Southern California and in-
creased production from Alaska's North Slope. Both 
will help to reduce the United States supply deficit in 
the short term. However, exploration activities in 
promising areas of both states are experiencing delays 
that could postpone their contribution to future oil 
supply. 

Figure 4 gives Chevron's estimate of United States oil 
demand to 2000, and shows the portion which will be 
provided from domestic production versus imports. 

FIGURE 4 
Natural gas should recapture the volume lost to oil in 
1986. Its largest growth will be in industrial uses, 
including cogeneration. Use of gas in electric power 
plants will dip somewhat in the near term as new 
nuclear and coal plants come onstream. In the early 
1990's, natural gas will supply incremental growth 
along with oil. The residential/commercial market 
will grow only moderately as improved insulation and 
increasing use of electricity will more than compen-
sate for the increase in building square footage. 

Coal is the second largest energy source in the 
United States, supplying almost one quarter of total 
energy. More than 80 percent is used in electric 
generation and almost all the remainder is industrial. 

Electricity is the fastest growing end-use energy. Ex-
isting generation capacity and scheduled construction 
will be adequate to meet demand over the next few 
years. Additional capacity, most likely coal-fired, 
will be required to avoid regional shortages in the 
late 1990's. Most of the expected growth in nuclear 
power occurs before 1995 as plants already under con-
struction are completed. Thereafter, no new nuclear 
plants are anticipated. 

GU Supply 

Declining oil production in the United States, which 
was brought on by the 1986 oil price collapse, will 
continue. Higher development and producing costs as-
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COMPARATIVE ECONOMICS FOR ALTERNATIVE 
FUELS SHOW OIL SHALE AND TAR SANDS 
ADVANTAGES 

The comparative economics for various alternative 
fuels technologies, including tar sands, oil shale, coal 
gasification, and direct coal liquefaction were sum-
marized by I. Leibson of Bechtel in the June issue of 
Energy Progress. Although the data are somewhat 
out of date by now, the article presents a very useful 
comprehensive summary of the economics involved. 
Few such studies have been completed recently. For 
this reason, we have abstracted the key features of 
Leibson's article. 

The evaluation is based on 1986 as the first year of 
operation. 

Table 1 gives the economic premises used. The in-
vestment and operating cost data were derived for 
the most part from conceptual studies and design 
work done by Bechtel over a period of the past ten 
Years for a wide variety of client organizations. The 
cost of the fuel produced for each technology was 
developed on the basis of the capital investment being 
comprised of 20 percent equity, 80 percent debt with 
a 10 percent after tax return on equity and an eight 
percent interest on debt. In Figure 1, the cost of 
the product fuel is segmented to show the correspond-

FIGURE 1 
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TABLE 1 

ECONOMIC PREMISES FOR COMPARISON OF FUEL T&ThO(AX]IES 
(Constant 1986 Dollars) 

Total 
Capital Product Cost 

Facility Investment $/Equlv. 
Technology Size $Illllions Bbl $/M\lBtu 

Crude Oil 15-35 2.6-6.0 
Natural Gas 14.5-29 2.5-5.0 
INC (Regasification) 32 5.5 
Tar Sands (Canadian) 501000a 2,200 24.9 4.3 
Oil Shale	 (U.S.) 50,000a 2,620 26.2 4.5 
Coal Gasification 

Comm rica Ily 
Demonstrated 

High Btu Gas 250b 2,560 49.3 8.5 
Medium Btu Gas 250b 2,180 40.0 6.9 

Advanced Gasifier 
Medium Btu Gas 250 1,590 31.3 5.4 

Coal Liquefaction 
Direct 50,000a 2,630 45.8 7.9 

a Barrels per stream day 
b Billions of Btu's per stream day
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ing portions of cost attributable to capital charges, 
operations and, maintenance, and feedstock or fuel 
costs. Table 2 provides a summary of the premises 
for fuel and feedstock costs, facility capacity, capital 
investment, and first year of operation. 

Comparative Costs of Electric Power 

In many countries, the combustion of residual fuel oil 
is the primary method for electric power generation. 
In others, regasified LNG (liquefied natural gas), 
steam coal, and nuclear power are all important 
power technologies In use. 

Each power technology was evaluated on a consistent 
economic basis in constant 1986 dollars so as to show 
the relative cost of power from each technology. Of 
equal importance, the portions of the costs which are 
directly attributable to fuel, operations and main-
tenance, and capital charges were developed. in 
developing these comparisons, facility sizes were 
selected	 in	 multi	 unit	 combinations	 totaling
1,100 megawatts for each technology. 

Figure 2 and Table 3 show the comparative electricity 
generating costs for each of the options considered.. 
At a residual fuel oil price of $12 per barrel, about 
60 percent of the cost of electricity generated from 
oil fired power stations is attributable directly to the 
cost of the fuel. At a residual fuel oil price of 
$28 per barrel, about 80 percent of the cost of 
electricity generated from oil fired power stations is 
attributable to fuel cost. For existing generation 
capacity with the capability to burn either oil or 
coal, a substitution or crossover point from oil to 
coal (or vice versa) occurs at a price of about 
$14 per barrel for oil (referenced to $2.50 per million 
BTU for coal).

FIGURE 2 

COMPARATIVE ELECTRIC GENERATION 
COSTS (CONSTANT 1986 DOLLARS) 
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POWER TECHNOLOGIES 

For regasified LNG at a delivered price at the point 
of use of $5.50 per million BTU, approximately 
87 percent of the cost of the electricity generated is 
directly attributable to the cost of the fuel (based on 
utilization in combined cycle turbines). 

For electricity generating technologies based on con-
suming coal, at a delivered price of $2.50 per million 
BTU, the cost of fuel represents about halt of the 
cost of electricity depending upon the particular tech-

TABLE 2

COMPARISON OF ALTEWIAT lYE FUfl. TE$4XW PRODUCT COSTS 
(Constant 1986 Dollars)

Total 
Capital Fuel Product 

Technology (barges O&M Costs Cost 

Tar Sands (Canadian) 11.6 13.3 -- 24.9 
Oil Shale (U.S.) 12.9 13.3 -- 26.2 
Coal Gasification 

Ccrniercial ly 
Demonstrated 

High Btu Gas 15.1 919 24.4 49.3 
Medium Btu Gas 12.2 8.7 19.1 40.0 

Advanced Gasifier 
Medium Btu Gas 9.3 7.5 14.5 31.3 

Coal Liquefaction 
Direct 14.5 11.0 20.3 45.8 
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TABLE 3 

COMPARISON OF ALTERNATIVE atcnic FR GENERATING ws-rs 
(Constant 1986 Dollars) 

Pulverized	 Coal 
Coal	 Gasification 

Oil-Fired Regasified With	 Combined 
ltan $12/Bbl	 $28/Bbl LNG Nuclear	 Scrubber	 Cycle 

Plant Size, Number of 
Units x Mile Each 2 x 550 2x550 lxllOO	 2x550	 2x550

Tine Elapsed From Start 
of Engineering to Car 
rmrclal Operation, Years	 4	 4 

System Life, Years	 30	 30 

Total Capital lnvestnent 
Including Owner's Costs, 
$ Millions	 910	 910 

Levelized Cost of Elec-
tricity at the Busbar, 
Mi I ls/MTh 

Capital Charges	 11.8	 11.8 
O&M	 1.1	 1.1 
Fuel Costs	 20.5	 47.8 

TOTAL	 33.4	 60.7

4	 7	 5	 4 

30	 30	 30	 30 

610	 1,960	 1,330	 1,650 

	

6.6	 23.0	 17.3	 17.8 

	

1.0	 8.0	 8.0	 6.2 

	

57.0	 7.6	 24.3	 22.9 

	

64.6	 38.6	 49.6	 46.9 

nology involved. In the case of nuclear power sta-
tions, approximately 15 percent of the cost of 
electricity Is attributable to the cost of nuclear fuel 
(with yellowca]ce at $30 per pound) including the costs 
for the elements of the fuel cycle required for spent 
fuel reprocessing and subsequent disposal of the high 
radioactive level residues. It Is apparent that 
electricity produced from new generating stations 
using any of the coal technologies is substantially less 
costly than that from the combustion of regasified 
LNG (at $5.50 per million BTU for LNG). 

It is evident that nuclear power is an attractive al-
ternative for those countries that can go this route. 
The key to these economics Is a stable regulatory en-
vironment that permits the engineering design to be 
frozen after the necessary review by regulatory 
agencies. This permits project completion to occur in 
seven years or less without the serious cost escalation 
which has occurred on some recent Unites States 
projects. 

Summary 

Leibson notes that capital investment requirements 
can be projected with a reasonable level of certainty 
for new power stations where the technology has al-
ready been commercially demonstrated. Greater un-
certainties exist in estimating fuel costs over a thirty 
year facility life.

Fluctuations in the price of crude oil and refined 
petroleum products have created instability In energy 
markets. The development of alternative fuel tech-
nologies requires a continuity of substantial financial 
commitments over periods as long as 10 years or 
more.	 The commercialization of these technologies 
involves not only accurate capital investment 
forecasts but also projections of commodity fuel 
prices over a 20 to 30 year period (e.g. the life of 
the project). Crude oil prices greater than $25 per 
barrel (in 1986 dollars) are necessary for commercial 
scale projects to be developed using any of the alter-
native fuels technologies (except for special situations 
involving governmental subsidy and/or policy). 

The economics of the production of synthetic crude 
oil from Canadian tar sands and shale oil from United 
States western oil shale appear to be somewhat better 
than coal conversion to either gas or liquids. 
However, depending upon natural gas source and 
market value, synthesis gas produced via coal 
gasification can be a desirable feedstock source for 
the production of various chemicals. 

1-15	 SYNTHETIC FUELS REPORT, DECEMBER 1987 



TECHNOLOGY 

HYDROGEN RESEARCH MAY BE DUE FOR REVIVAL 

The idea of using hydrogen as the ultimate ecologi-
cally clean synthetic fuel —a technology that suggested 
the concept of a hydrogen economy during the early 
1970's—may be due for a revival. Current interest is 
being spurred by continuing pollution concerns and by 
warnings from scientists and environmentalists about 
the looming "greenhouse effect." 

The current interest in methanol or other alcohols 
derived from coal, grain or biomass, cannot contribute 
much long-term toward solving the air pollution 
problem. 

The carbon content of methanol is the same as 
gasoline's for the same energy content, according to 
John Appleby, director of Texas A&M's new Center 
for Electrochemical Systems and Hydrogen Research. 
So even with widespread use of methanol, carbon-
dioxide emissions, a principal contributor to the 
greenhouse effect, would remain essentially unchanged. 
Hydrogen, on the other hand, does not pollute at all. 

In a study published earlier this year, T. Nejat 
Veziroglu, a researcher at the University of Miami 
and head of the International Association for 
Hydrogen Energy, calculated the hidden costs of fossil 
fuels in terms of human health expenses, deleterious 
effects on fresh water, farm produce and buildings, 
and a half dozen other categories. His estimate 
came to more than $8 per gigajoule of fossil-based 
energy (approximately the equivalent of tO gallons of 
gasoline). 

Hydrogen-derived energy, however, has none of those 
environmental costs. 	 In combustion,	 its only 
byproduct is steam. (Plus some nitrogen oxide, un-
avoidable owing to the fact that air is 80 percent 
nitrogen —a problem that can be minimized with bet-
ter combustion technology). And it can be derived 
from the planet's most ubiquitous resource, water, 
through the process of electrolysis or other water-
splitting methods. 

United States 

Representative George Brown, California, and Senator 
Spark Matsunaga, Hawaii, recently introduced identical 
bills in Congress to provide some $200 million in 
hydrogen-related funding over five years, half devoted 
to research and development, half to aerospace ap-
plications such as hydrogen-fueled aircraft. 

The five-year plan outlined in the Matsunaga-Brown 
bills would be a substantial increase over current 
spending levels, which have averaged $18 million per 
year: fiscal year 1988 budget requests include about 
$1 million for administering the Department of 
Energy; $2.4 million for four hydrogen research in-
stitutions in Texas, Hawaii and Florida; and funding 
for a number of basic research programs throughout 
the Department of Energy.

So far about the only work going on in the United 
States is some hydrogen work at Texas A&M, (with 
seed money from the National Science Foundation), 
the universities of Hawaii and Florida, Brookhaven 
National Laboratory and the Solar Energy Research 
Institute. Some other countries appear to be viewing 
the concept more seriously. 

Other Countries 

West Germany is spending about $219 million per year 
on renewable energies partly intended to "clarify the 
key question of a hydrogen economy," according to 
the Renewable Energy Department in the Research 
and Technology Ministry. France has an ongoing 
hydrogen program as part of its massive nuclear ef-
fort.	 Canada has released a report that calls for 
making hydrogen a "national mission." Japan is 
spending money on energy alternatives, including the 
design of advanced hydrogen-powered car and truck 
engines, use of hydrogen as the energy medium for 
new Stirling engines, and development of hydride-
driven heat-recovery and heat pumps. 

Also, in a politically significant move, the European 
Community is sponsoring a German DECUEMA study 
to look into the idea of buying cheap Canadian hydro-
generated electricity, using that power to split water, 
and shipping the hydrogen either as liquid hydrogen or 
via some other chemical carrier to Europe for use as 
fuel. 

A recent report by the European Community's Joint 
Research Center, in Ispra, Italy, envisions a pilot 
project with a 100-megawatt electrolyzer to be set up 
in Quebec, Canada. It would produce hydrogen to 
make electricity and heat in Europe In a cogeneration 
mode "for natural gas enrichment for use in industry 
and households, and for vehicles." 

Average costs of $0.38 per cubic meter of hydrogen 
compare favorably with hydrogen production cost from 
photovoltaics (about $1.37 per cubic meter) and solar 
thermal-energy conversion (about $0.90 per cubic 
meter), but are considerably more expensive than 
production from natural gas. 

Canada's new hydrogen report suggests the formation 
of a hydrogen authority to define strategic initiatives 
and coordinate the "national mission." Last summer, 
when the study was released, Canada's Federal Minis-
ter of Energy, Mines and Resources, said that "the 
world will move In the next several decades to the 
major use of hydrogen, first in upgrading such fossil 
fuels as oil sands and coal, and later as an environ-
mentally clean energy commodity in its own right." 

Canada is also looking at the idea of experimentally 
"electrifying" railroad diesel engines with liquid 
hydrogen, and using hydrogen-powered underground 
mining vehicles (of special concern because of under-
ground environmental constraints). 
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West Germany considers hydrogen part of a broader 
strategy on renewables and energy conservation. The 
first step Is to make solar energy less expensive, 
primarily through cheaper photovoltaics. Then, solar 
energy must be mated to hydrogen, the logical 
storage and transport medium. The German concept 
has evolved two projects: a $27 million 
solar/hydrogen study and demonstration facility In 
Bavaria, and a similar German/Saudi enterprise with 
experimental facilities in both countries. 

The more recent one — the "Solar Wasserstoff Bayern" 
project —Is the world's first of this kind. It Involves a 
consortium consisting of the utility Bayernwerk AG, 
electric- and electronics-equipment maker Siemens, 
aerospace firm Messerschmitt-Boelkow-Blohm, and 
Linde AG, producer of industrial gases. 

The plant will Include 300 kilowatts of electrolytic 
capacity to produce hydrogen. The facility would be 
integrated with Bayernwerk's existing electricity and 
natural gas grids to test compatibility, including the 
addition of hydrogen to natural gas. 

The second (Hysolar) project Involves a 100 kilowatt 
solar/hydrogen plant to be built in Saudi Arabia In 
conjunction with that country's government and a 
Saudi research center. 

Daimler-Benz next year will conclude Its $32 million 
multiyear test program that Involves 10 hydrogen-
powered station wagons and vans operated around the 
clock In West Berlin. The program demonstrated that 
hydrogen can be handled, but It also concluded that 
hydride storage Is not the best for mobile applications 
because of its weight and cost. Injection of pres-
surized liquid hydrogen is more efficient, but also 
presents problems of safety and Infrastructure. 

The aerospace firm Dorrüer has been working for a 
decade on a method to electrolyze steam, at tem-
peratures of about 1,000° C and efficiencies of 
94 percent. Last summer, the German government 
announced it would help to underwrite more than half 
of the development costs during the next five years. 
The attraction of this approach is that much of the 
energy needed to split the water molecule can be in-
jected as raw heat, avoiding the conversion losses en-
gendered in conventional electricity production. 

The German aerospace research agency DFVLR, has 
adapted two BMW sedans to run on liquid hydrogen, 
and they are being tested in Munich. The company 
plans to have n fleet of hydrogen cars by the second 
halt of the 1990s. 

French Efforts 

France is continuing its broad nuclear buildup and 
wants to use that capacity to produce hydrogen at 
off-peak periods. The utility Electricite de France 
(EdF) believes this will enable it to amortize the In-
vestment it has already made in electricity-generating 
capacity.	 EdF envisions ammonia production from
electrolytic hydrogen as a market during off-peak 
summer periods. 	 Its estimates suggest that 
electrolytic hydrogen made with its lowest-cost

electricity is likely to be competitive with steam-
reformed hydrogen, possibly as early as 1990. 

The utility also sees possible outlets by the turn of 
the century for electrolytic hydrogen as a fuel (mixed 
with town gas or natural gas) to make synthesis gas 
and methanol, in the prereduction of Iron ore, and 
eventually perhaps as aviation and transportation fuel. 

France Is also moving ahead in liquid hydrogen for Its 
space program. Alsthom-ACB has developed a new 
alkaline electrolyzer operating at 30 bars, and a cur-
rent density of 10 kiloamperes per square meter, five 
times as high as conventional units. The design is 
claimed to produce five times as much hydrogen as 
do similar conventional plants, at halt the investment 
costs. 

Japan 

Construction of liquid-hydrogen-plants to make rocket 
fuel is moving ahead In Japan, too, as that country 
plans to become a major player In space. Two large 
facilities have been built, or are under construction, 
at Oita and at Tanegashima. 

The conversions of more than half a dozen internal-
combustion-engine cars to liquid hydrogen at Musashi 
Institute of Technology, Tokyo, has been accomplished. 

Considerable work is being done on hydrides as sta-
tionary devices for hydrogen storage. 

BIOLOGICAL CONVERSION OF SYNTHESIS GAS TO 
METHANE IS POSSIBLE 

Researchers at the University of Arkansas have been 
studying biological processes for converting synthesis 
gas —a mixture of carbon monoxide and hydrogen—to 
methane. Although their primary interest has been 
synthesis gas mixtures derived from coal, any car-
bonaceous fuel source could be equally suitable. An 
article In Energy Progress * September Issue describes 
some of the progress to date. 

To make methane In conventional processes, the low-
BTU synthesis gas typically undergoes a catalytic shift 
reaction where carbon monoxide and water are con-
verted to carbon dioxide and hydrogen. Following 
purification to remove carbon dioxide and hydrogen 
sulfide, the hydrogen and remaining carbon monoxide 
are catalytically methanated to methane and water. 
The water is then removed to give a gas that Is 95-
98 percent methane with an energy content of 980 
1,035 BTU per standard cubic feet. 

The basic steps used In catalytically upgrading syn-
thesis gas to pipeline quality methane are: 

- Shift conversion 
- Acid gas removal and sulfur recovery 
- Methanation and drying 
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Sulfur recovery is required in most processes to 
protect the nickel-based catalysts from sulfur poison-
ing. 

The temperatures required in most methanation 
processes are 3004S0° C at pressures of 40-250 psi. 
The Exxon Catalytic Coal Gasification process 
employs gasification and methanation in a single step 
at 7000 C. Most catalysts used are nickel-based, 
however, the Exxon process utilizes a potassium-bused 
catalyst. Poisons for these catalysts include chlorine 
and sulfur. 

Capital costs for shift conversion, acid gas removal 
and sulfur recovery, and methanation and drying typi-
cally constitute 20-30 percent of the total capital 
costs in a coal gasification process. A reasonable es-
timate of the total cost of methanation is probably 
25 percent of total coal gasification costs, or about 
$1.50 per million BTU. 

Because high temperatures and pressures are required 
in the catalytic gasification process, losses in thermal 
efficiency and high energy costs occur. Thus, a 
process employing lower temperatures and pressures 
for even a portion of the overall process scheme 
would be advantageous. Also, a process that is not 
particularly sensitive to the presence of sulfur and 
other toxic materials is desirable. 

As an alternative to catalytic upgrading, synthesis 
gases may be upgraded to a higher methane con-
centration by contacting the gases with anaerobic 
bacteria. These biological processes occur at low 
operating temperatures and pressures and are capable 
of converting CO, CO 2 and 112 to methane. Because 
of the lower operating temperatures, efficiencies are 
expected to be quite high. The process should not be 
particularly sensitive to sulfur and other materials 
found to inhibit catalytic gasification. 

Fd hwobiology 

The primary reactions in the biological conversion of 
synthesis gas to methane are the formation of 
methane precursors (acetate or 11 2 and (J0 2) and the 
biomethanation reactions. The organisms Rhodop-
seudomonas gelatinosa and Rhodospirillum rubrum util-
ize CO to produce CO 2 and 11 2 by the water gas 
shift reaction. The organisms Peptostreptococcus 
productus, Acetobacterium woodli, and Eubacterium 
limosum produce acetate by the reaction: 

4C0 + 211 2 0 = CH 3 COOII + 2CO2 

Methanosarcina species utilizes the CO 2 and 11 2 to 
produce CH  by direct methanation. Methanothrix 
soehngenii utilizes acetate to produce C11 4 by the 
reaction:

CII3COOU = CO 2 + C114 

All of the above organisms can be isolated from 
natural sources. Sewage sludge from anaerobic 
treatment plants and animal nimin are the sources 
from which most anaerobic bacteria have been iso-
lated. Sewage sludge usually contains a consortium of

various methanogenic bacteria. In anaerobic digestion 
processes, 80 percent of the methane is produced 
from acetate by the equations above. Some of the 
above organisms are maintained in pure culture col-
lections. Therefore, synthesis gas conversions might 
be carried out with pure cultures or with mixed cul-
tures, isolated from natural sources and acclimated to 
the toxic environment of carbon monoxide. 

All of these organisms function at optimal tempera-
tures of 30370 C and ordinary pressures, although 
higher pressures have been used successfully. 
Processesto produce methane from synthesis gas 
using the above microorganisms would be very simple. 
The synthesis gas is introduced into a reactor contain-
ing a culture of the organisms where the CO, CO2 
and H 2 are converted Into CU 4 , followed by separa-
tion of the excess CO 2 , to produce pipeline quality 
gas. The culture might consist of a mixture of 
microorganisms to carry out all the above reactions, 
or a co-culture of two bacteria to carry out the 
series of reactions involving acetate. 

Since biological reactions are much slower than 
chemical reactions, retention time and reactor volume 
are important considerations in developing an efficient 
and economical process. 

Experimental Results 

The University of Arkansas work demonstrates the 
technical feasibility of biological synthesis gas conver-
sion to methane in both mixed and pure cultures. 
Various reactor schemes, including fixed film and 
stirred tank reaction vessels, were investigated to 
define the system that maximizes cellular density and 
reaction kinetics. A preliminary process scheme was 
prepared for commercial scale biomethanation. 

A sewage sludge inoculum was utilized in a stirred-
tank reactor. Synthesis gas (45 percent CO, 
30 percent 112, 15 percent CO  and 10 percent CU4) 
was introduced continuously through spargers in the 
mixing vortex. The reactors were contained in an in-
cubated room at 37° C. 

The results of single-stage biomethanatlon studies 
carried out at a 1.94 hour retention time and variable 
agitation rate are shown in Table 1. These results 
indicate that a 90 percent conversion of CO and 112 
can occur at a two-hour retention time and an agita-
tion rate of 500 revolutions per minute. A two-hour 
retention time is quite good for a biological reactor; 
ethanol fermentation,	 for example,	 requires 30 
40 hours. Nevertheless, a two-hour retention time 
translates into very large reactors for coal gas con-
version. 

The product gas composition was almost 40 percent 
methane and 60 percent CO2. 

At low agitation rates, the biological reactions are 
mass transfer limited. 
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TABLE 1 A	 successful	 co-culture	 was	 employed	 using 
tostreptococcus	 productus	 with	 an	 enrichment	 of 

MIXED CULTURE SIMILE STAGE Methanothrix species.	 The results of continuous con-
(flIYflZSIGJ OF W AND B2 version	 studies	 as	 a	 function	 of	 agitation	 rate in a 

continuous stirred-tank reactor are shown in Table 2. 
Methane	 formation	 was	 88	 percent	 of	 the 

Agitation Gas Retention Conversion (%) stoichiometric maximum. 
(Rpm) lure (Hrs) CO

Preliminary Economics 
200 1.94 0 36.6 
300 1.94 40.48 62.28 To	 demonstrate	 the	 potential	 of	 biomethanatlon, 	 a 
400 1.94 85.16 85.78 preliminary process design for 250 billion BTU per day 
500 1.94 89.80 90.52 of coal gas to	 methane by wing a single stage cul-
600 1.94 06.28 93.03 ture was considered.	 A temperature of 370 C and a 

pressure of 150 psia was utilized.	 A single-stage 

Series Operation 

One possible method to improve upon the results ob-
tained with the mixed culture study is to employ a 
series of two pure culture reactors. In the first 
reactor, a pure culture is used to convert CO to a 
methane precursor.	 The second reactor contains a 
pure culture of methane bacteria and is used to con-
vert the precursor to methane. This arrangement 
could provide an improvement over single-stage mixed 
culture conversion, since only the organisms needed 
for the conversions are present. Also, in a series 
operation, each stage can operate at the optimum 
requirements of pH and nutrients concentration for 
that microorganism. 

In series experiments it was found that 90 percent 
conversion of CO can be obtained at a gas retention 
time of 0.73 hours, more than double the maximum 
gas flow rate In the mixed culture studies. A smaller 
liquid phase reactor is used for conversion of acetate 
to methane. 

Co-Culture Operation 

An economical alternative to series operation is to 
utilize two bacteria together in a co-culture to 
produce methane. In this manner, a CO-utilizing bac-
teria can produce a methane precursor, and a 
methane bacteria can utilize the precursor to produce 
methane in the same reactor. Co-culturing, if 
successful, can eliminate a reaction vessel.

TABLE 2 

SYNTHESIS GAS (flIVEBSIG4 BY P. PR(*XJCTIJS
IN W-QJIjVRE WITH MflUAII(7flIRIX SP. 

Agitation Retention Tire Conversion (%) 
(Rgm) (Hours) CO 

200 1.45 21.36 21.82 
300 1.45 38.74 54.60 
400 1.45 72.94 72.19 
500 1.45 79.40 82.47 
600 1.45 91.10 85.10

methanation reaction system followed by a gas 
purification system was used to produce a 97 percent 
methane stream. 

Preliminary economic analyses indicate that synthesis 
gas may be biologically methanated for 50-60 cents 
per million BTU. Further studies with pure culture 
bacteria and increased pressure are expected to sub-
stantially enhance bio methanation economics. 
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INTERNATIONAL 

RAPAD REPORTS ON ENERGY RESEARCH 
PROGRAM 

The Japanese Research Association for Petroleum Al-
ternatives Development (RAPAD) issued Its 1987 an-
nual technical report as of September. RAPAD was 
established In May, 1980, under the auspices of the 
Ministry of International Trade and Industry (MITI). 
RAPAD is organized by 21 member companies from 
such industries as petroleum, fermentation, chemical 
and engineering. 

Research activities of RAPAD cover the following 
three fields: 

- Manufacturing synfuels from syngas. 
- Upgrading tar sands bitumen and shale oil 
- Dioinass conversion and utilization 

Manufacture of Synfuels From Syngas 

The objectives of this research are to develop tech-
nology for the manufacture of liquid fuels from syn-
gas. These can be categorized Into two areas by the 
respective end products.. One is the Fischer-Tropsch 
(F-T) process to produce gasoline and middle distil-
lates, and the other is the process to mainly produce 
high octane gasoline. 

In the area of F-T process, the objectives consist of 
(1) the development of catalysts that maximize yields 
of gasoline fraction and middle distillates from syn-
gas, and (2) development of processes that would fully 
utilize the newly developed catalysts. 

In the manufacturing processes for high octane 
gasoline, there is the indirect synthesizing process 
using methanol for feedstock, and also the direct syn-
thesizing process obtaining synthetic fuel from syngas. 
In the indirect synthesizing process, it Is necessary to 
newly develop catalysts composed of solid acids 
having high activity, high selectivity and long life. 
Catalysts to be used in the direct synthesizing process 
have been obtained as composite catalysts of zeolite, 
such as 1311-5, and metal oxides. The development 
of composite catalysts that make possible the Syngas-
to-Gasoline (STG) process is one of the more inpor-
tant projects. The final goal is the development of 
processes that will fully exploit the potential func-
tions of these newly developed catalysts. 

Improved Fischer-Tropseh Process 

The most important objective of this research is the 
development of new catalysts. It was found that 
when sulfur and alkali metals are added to Ru/Mn02 
catalyst, olefins are produced selectively. The effects 
of the addition were Investigated in detail. These 
relationships turned out to be complicated; for ex-
ample, to obtain high C 2-C 4 hydrocarbons production 
rate, it is believed that the amount of sulfur and 
potassium to be added to the catalyst should be 1.0

to 1.5 weight percent and 4.8 to 7.0 weight percent, 
respectively. 

With a composite F-T catalyst, such as Ru/Mn0 21 and 
ZSM-5 type zeolite catalyst, a gasoline fraction may 
be derived at high selectivity under comparatively 
mild reaction conditions. Then, Fe-silicates (ZSM-5 
type) were prepared, which were believed to have 
catalytic characteristics different from those of 
ZSM-5 (Al-silicate), and catalyst performance ap-
praisals were êonducted on propylene conversion reac-
tion. 

New Process for Hydrocarbon Fuels From Syngas 

The purpose of this research is to develop new 
catalysts which will function to give high yield of su-
perior quality light hydrocarbon fuels from syngas. It 
covers both the methanol-to-gasoline ( T.IT G) reaction 
and the syngas-to-gasoline (STO) reaction. 

To evaluate the performance, of MTG zeolite catalysts 
having different acidity and having been synthesized 
under different conditions, the conversion reaction of 
C 4 mixed gas was studied. The results are shown in 
Figure 1. Favorable results were obtained with four 
kinds of catalysts (catalyst A, B, C and E), giving 
gasoline yields of 36.7 to 38.4 C weight percent and 
aromatics yields of 3.3 to 5.1 C weight percent. 

FIGURE 1 

CONVERSION OF C-4 MIXTURE
WITH MTG CATALYSTS 
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The performance of a chemically modified zeolite 
catalyst was then evaluated in an improved MTG 
bench scale plant. 

Slurry-bed STG Process

treatment of products derived from thermal cracking 
of Athabasca oil sands bitumen, on the required 
volume of hydrogen for hydrorefining, quality of 
products derived from this process and yields thereof, 
problems pertaining to this process and others. 

A preliminary design was completed for a pilot-plant 
adopting the slurry-bed STG process. For the purpose 
of improving the gasoline yield, the process combines 
the Olefins-to-Gasoline (OTG) reaction which produces 
gasoline from unreacted olefins, as shown in the block 
flow diagram, Figure 2. To study the economics a 
10,000 barrel per day plant was assumed and the 
manufacturing cost of gasoline was estimated from 
feed-products balance and plant investment costs. It 
was found that optimum economics would result when 
the 11 2/CO mole ratio approaches one, and when the 
off-gas recycle ratio approaches one. 

FIGURE 2 

STG PILOT PLANT FLOW DIAGRAM 
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In order to demonstrate proof-of-performance of the 
improved STG process (two-stage process), in which 
dimetliylether (DME) is the intermediate, a large 
bench-scale plant was constructed and a trial opera-
tion "as conducted. 	 The results are shown In 
Table I. Under the trial operation conditions CO 
(carbon monoxide) conversion was around 70 percent, 
The octane number of the 570 gasoline was rather 
high at a range of 96-97.5 

Technology for Treatment of Tar Sands Bitumen 

This study alias at developing process technologies by 
which good quality synthetic crude oil of low vis-
cosity, low sulfur and low metals content, may be ob-
tained from tar sands at high yields. 	 The process 
technologies being developed are: improved heat 
treatment process, solvent extraction process and 
catalytic process. 

Under the improved heat treatment process, overall 
evaluations were conducted on refining and secondary

Studies were conducted on the upgrading of tar sand 
bitumen using a five barrel per day pilot plant. Tar 
sand bitumen was subjected to a continuous combined 
treatment consisting of hydrovisbreaking, demetalliza- 
tion and hydrocracking. Results were obtained in a 
2,700-hour operation of accelerated catalyst life-test. 
The targets were: coke formation, zero; liquids yield 
greater than 90 weight percent; cracking greater than 
60 weight percent; desulfurization and demetallization 
greater than 90 weight percent, each. These targets 
were fully achieved, as shown in Table 2. 

The HYCAR (Ilydrocracking of Asphaltenic Residue) 
process, which RAPAD developed, was found to be 
fully useful in treating not only tar sand bitumen 
derivatives, but also petroleum residual oils (vacuum 
residue). Results were obtained with a five barrel 
per day pilot plant In treating both tar sand bitumen 
and petroleum vacuum residues. For this reason, they 
suggest, the designer of a commercial plant should 
take Into consideration the flexibility of the plant, 
namely the plant should be capable of treating 
feedstocks of not only tar sand bitumen derivatives, 
but also petroleum residual oils. 

Solvent Deasphalting Process 

Work was carried out on establishment of technology 
to refine oil sands bitumen at high efficiency by a 
combined process consisting of visbreaking, solvent 
deasphalting and fixed-bed hydrotreating. In addition, 
work was done on advanced methods to utilize the 
"syncrude" which is the product of this combined 
process, and asphalt, which is the byproduct. 

Combustion tests were carried out on pulverized SDA 
(the asphaltic byproduct). A burner which was newly 
designed for pulverized SDA was used. It was found 
to possess satisfactory capability and capacity. When 
complete combustion is defined as the condition of 
combustion In which combustion gas contains no more 
than five ppm of CO, then an air ratio of 1.08 is 
believed to be the maximum permissible limit to 
maintain complete combustion. A Bacharach number 
(smoke) of less than four could be obtained at an air 
ratio of over 1.15. This is comparable to that of 
Fuel Oil C. 

For the evaluation of SD A water slurries, pulverized 
SDA-1, 2 and 3 types differing in average particle 
size were used. Dispersant of the SDA was ac-
complished by using a nonionic dispersant which is 
said to be suitable for preparing slurry of low vis-
cosity and high asphalt concentration. 

Catalytic Upgrading Process 

Two highly active catalysts, natural mineral based 
U A 11-256 and silica-alumina-zeolite based U A M-022 
were developed earlier. This year an extensive study 
on the metal effects listed below was performed in 
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TABLE 1

RESULTS OF 2-STAGE St] REACTION IN LA	 SCALE S4QI PLANT 

Experirint No. STO1 ST02 S1G3 

Reaction Conditions 
DME Synthesis 

Tenpetature (°C) 260 260 270 
Pressure (kg/crp2xG) 50 50 50 
GIISV (h') 900 900 100.0 
H2/00 1 1 1 
Recycle Ratio 1 1 0.4 

Gasoline Synthesis 
Teiperature (°9 400 420 420 
Pressure (kg/ctp Xg) 5 
MISV (h1) 0.5 
Material Balance (%) 98.7 99.5 101,5 
W Conversion (%) 66.2 63.9 71.6 
Gasoline Yield (C5+/tI.Cj(wt%) 68.3 59.7 57.8 

Properties of S'lO Gasoline 
Specific Gravity(15 0 /4 0C) 0.7714 0.7609 0.7670 
Distillation Terip.	 (°C) HIP 37.5 31.0 37.0 

30% 87.0 75.5 81.0 
5096 117.0 105.0 110.5 
70% 147.0 140.0 141.5 
90% 172.5 165.0 168.5 
EP 211.5 211.0 207.5 

Hydrocarbon Type Paraffins 96 26.7 26.9 23.2 
Olefins % 15.7 19.5 22.0 
Naphthenes 96 15.9	 - 15.3 15.5 
Aronntics % 41.7 38.3 39.3 

Octane Number RON 96.2 97.2 97.5 
MON 84.2 84.7 84.4 

TABLE 2 

Start End 
of Run of Run 

Coke Formation None None 
Liquid Yield (wt%) 92.4 93.7 
Desulfurization (wt%) 98 90 
Deattallization wt%) 98 95 
Hydrogen Consumption (n Al oil) 200 160 
Cracking (5000C+, wt%) 68 60 
Synfuel Properties Satisfactory Satisfactory
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an autoclave reactor. 

- The effect of iron content on catalyst per-
formance	 - 

- The effect of potassium coexisting with iron 

- The effect of metal species other than iron. 

The results of these studies are shown in Figure 3. 
It was confirmed that, by increasing the iron carried, 
the yield of coke decreased and the yield of middle 
distillates increased. It is believed that this resulted 
from the moderate hydrogenation activity of iron. 
This is, iron could suppress the coke formation by the 
hydrogenation of thermally formed heavy hydrocarbon 
radicals. On the other hand, no significant effect of 
potassium existing with iron was found. 

Using a revamped 10 barrels per stream day pilot 
plant, more than a thousand hours of continuous 
operation was performed twice with vacuum residue 
from Arabian Heavy feedstock. 

FIGURE 3

THE EFFECT OF IRON
CONTENT ON YIELD 

*1 Toluene insoluble 
*2 Toluene soluble and heptane insoluble 
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Almost perfect demetallization and 80 to 90 percent 
deasphaltene proved possible, and more than 30 weight 
percent of middle distillates could be produced. 

Next an upgrading test of oil sand bitumen on this 
pilot plant was performed. Athabasca oil sand 
bitumen as a heavy feedstock and Kindersley heavy 
oil as a lighter one were selected. 

Results of upgrading are shown in Figure 4. 
Generally, coke and precipitated asphaltene formations 
with oil sand bitumen are significantly lower than 
that with vacuum resid and the operability of the 
process Is by far the better. 

Technology of Upgrading Shale Oil 

RAPAD believes that shale oil is one of the most 
promising alternative liquid fuels. But since it con-
tains much olefins, inorganic matter, metals and 
nitrogen in comparison with ordinary petroleum crude 
oils, It Is difficult to obtain upgraded products com-
parable to current petroleum products by applying the 
conventional petroleum refining technologies. There-
fore research was carried out on de metallization, and 
hydrorefining technologies including denitrogenatlon 
and also high performance catalysts, using both fixed 
and ebullated-bed reactors. 

FIGURE 4

RESULTS OF UPGRADING OF
OIL SAND BITUMEN 
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This year, using a combination process having a 
pretreating reactor for arsenic removal placed before 
a reactor loaded with a denitrogenatlon catalyst 
developed earlier, a 1,600-hour life-test was conducted 
using Asian X shale oil. 

The extent of catalyst deactivation was found to be 
the same as that observed in the hydrodesulfurization 
of vacuum gas oil derived from petroleum. Con-
sequently, it is foreseen that shale oil could be 
hydrorefined in almost the same condition as that of 
conventional petroleum refining. 

Asian X and Colorado shale oils were 
hydrodenitrogenated under the various reaction condi-
tions and the denitrogenated oils were subjected to 
investigation for their catalytic cracking reactivity. 

In the case of both Asian X shale oil and Colorado 
shale oil, the more the nitrogen content in 
denitrogenated oil, the less are the conversion, gas 
yield and gasoline yield, and greater are the light 
cycle oil plus decant oil yield and coke yield. The 
research octane number (RON) of the gasoline frac-
tion remains almost constant tip to a nitrogen content 
of several hundred ppm. 

The test results indicates that it is much more dif-
ficult to hydrocrack shale oil compared to the cor-
responding petroleum fractions. 

Hydroreflning With Elmilated Bed Reactors

tablishment of a shale oil refining system are fisted 
below: 

- Development of technology to remove solid 
particles (burnt shale, clay, minerals) by the 
use of an electric desalting system 
(completed). 

- Development of a refining system for shale 
oils. 

A refining system composed of ebuliated-bed type 
hydrorefining (first-stage treating), hydrotreating of a 
mixture of syncrude and petroleum (second-stage 
treating) and third-stage treating by the use of con-
ventional petroleum refining technologies was estab-
lished. 

For the purpose of Investigating the treating condi-
tions for an ebulleted-bed type large scale bench 
plant, hydrorefining (first-stage treating) of an 
American shale oil was performed using a small-scale 
bench plant. 

For the purpose of establishing an overall refining 
system for shale oils as shown in Figure 5 heavy 
naphtha and kerosene fractions derived from syncrude 
(nitrogen content: 1,350 weight ppm) obtained from 
the large-scale bench plant, and those of correspond-
ing fractions from petroleum were mixed with each 
other. After that the second-stage treating was per-
formed. 

The study items in this research program for the es-

FIGURE 5 

REFINING SYSTEM FOR SHALE OILS 
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The permissible nitrogen content of the feed oil for 
the second-stage treating at a reaction temperature 
of 3000 C was found to be 114 ppm and the cor-
responding permissible blending ratio of syncrude was 
459 volume percent (versus petroleum crude oil). See 
Table 3.

Tests were carried out In a large-scale bench plant. 
It was confirmed that hydrogenation in the large-scale 
bench plant is virtually similar to that in the small-
scale plant, and 200 liters of sample syncrude for the 
second-stage treating was produced. 

TABLE 3

PflMISSIBLR BLRUIG RATIOS OF SYNcIJDE' 

Permissible Blending 
Ratios for Kerosene	 Permissible Blending 

Reaction	 Fraction From Syncrude 	 Ratios of yncrude 
Conditions	 Vol%2	 Vol% 

	

1	 19	 23 

	

II	 50	 60 
III .	 98	 118 

	

IV	 374	 453 

1 Calculated with kerosene fraction as base 
2 Versus kerosene fraction from petroleum crude oil 

Versus petroleum crude oil
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ENVIRONMENT 

NEW DIESEL EMISSION STANDARDS MAY PROMOTE One	 of	 the	 technical	 approaches	 to	 the	 use	 of 
USE OF METHANOL methanol in diesel engines which is under development 

by	 several	 firms,	 including	 Cummins,	 Daimler-Benz, 
The	 United	 States	 Environmental	 Protection	 Agency and Id, is the addition of a chemical to improve ir 
(EPA) will	 require	 new	 heavy-duty	 diesel engines to nition properties.	 This allows for	 methanol use	 with 
operate	 with	 much	 lower	 emissions	 of	 particulates minimal	 adaptation	 of	 the	 engine	 (no	 spark	 plugs, 
beginning	 in	 1991.	 Meeting	 the	 standard	 with glow	 plugs	 or	 modifications	 to	 the	 combustion 
petroleum	 distillate	 fuel	 is	 difficult	 and	 expensive, chamber) and easy	 return to petroleum-distillate fuel 
Methanol	 is	 being explored	 as	 an alternative	 by	 all if desired.	 Availability of low-cost ignition-'promoting 
major diesel engine manufacturers, additives	 could	 lead	 to	 accelerated	 introduction	 of 

methanol diesels. 
Some of the work in this area was discussed by par- - 
ticipants	 at	 the Third	 Windsor	 Workshop on	 Alterna- The	 New	 York State Energy	 Research and Develop 
tive Fuels held in Windsor, Ontario last June 24, ment Authority, in cooperation with the Ontario Min-

istry	 of	 Energy,	 has	 sponsored	 research	 at	 the	 Pit-
'Jew	 vehicle	 standards	 for	 heavy-duty	 engines	 are tsburgh	 University	 Research	 Center	 to	 develop	 a 
given in Table 1. process for converting low cost biomass to an ignition 

promoter. 

TABLE 

NEW VEHICLE flM8)A1ll)S FOR DIESEL HEAVY-DUTY ENGINES 
(Values is Grams per Brake -llorsepaverlIour) 

Hydro-
Carbons 

& Oxides 
llydro- Carbon Oxides of of Diesel Smoke 

Year Carbons Monoxide Nitrogen Nitrogen Particulate (Opacity) 

1970-73 -	 . - - - - A = 40% 
I = 20% 

1974-78 - 40 - 10 - A = 20% 
L = 15% 
P = 50% 

1979-63 1.5 25 - 10 - A = 20% 
- 25 - 5 - L15% 

I, = 5096 
1984 (A)	 1.5 25 - 10 - A = 20% 

- 25 - 5 - LrlS% 
P = 5096 

(5)	 1.3 15.5 10.7 - - A = 2096 
0.5 15.5 9.0 - - L = 1596 

P = 5076 
1985-87 & 1.3 15.5 10.7 - - A = 20% 
later - - L = 15% 

P = 50% 
1980-90 1,3 15.5 6.0 - 0.60 A = 2096 

- - L15% 
P = 50% 

1991-93 1.3 15.5 5.0 - 0.25 A = 20% 
- 0.10 L = 15% 

P = 5096 
1994 & 1.3 15,5 5.0 - 0.10 A = 2036 
later - L1596 

P = 50%

A = Acceleration 
L	 Lugging 
P = Peak
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Other approaches under study for the use of alcohols 
in diesels are indicated in Table 2. 

According to B. Bertelsen of the Manufacturers of 
Emission Controls Association, other alternative fuels 
besides methanol, such as natural gas, and propane 
hold considerable promise for helping the United 
States and Canada meet two important objectives: 
improving air quality and achieving greater energy in-
dependence. Some combination of these fuels almost 
certainly will play a key role in meeting our transpor-
tation fuel needs in the future. In recognizing this 
fact, he notes that diesel fuel, particularly through 
the end of this century, will continue to be a major 
source of transportation fuel. 

Diesel Particulates Health 

Diesel particulates are extremely small, can be lodged 
deep in the most sensitive regions of the lung, and 
are suspected of contributing to or aggravating 
chronic lung diseases such as asthma, bronchitis, or 
emphysema. Up to 10,000 different chemicals, some 
of them known to cause cancer In animals and 
suspected by many health experts as causing cancer in 
humans, are absorbed with the diesel particulate and 
deposited deep in the lungs.

Diesel particulates, because of their size and composi-
tion, can greatly Impair visibility. Studies Indicate 
that diesel-powered vehicles may be responsible for 
significantly reducing visibility In major urban areas. 

Diesel exhausts also give off a pungent and offensive 
odor. 

Diesel trucks, buses and cars emit 30 to 70 times 
more soot than gasoline vehicles equipped with 
catalytic converters. 

Congress, EPA and California Responded to the Risks 
Posed by Diesel Particulate 

The EPA in 1980 established particulate standards for 
automobiles and light trucks. California, concerned 
that EPA standards were not adequate adopted its 
own set of standards for passenger cars and light 
trucks (Table 3). 

Bertelsen says the progress made in developing diesel 
particulate emission control for light duty vehicles 
since EPA first established standards for automobiles 
in 990 has been dramatic. 

TABLE 2 

Alfl)W)L-FUELED DIESEL TECHNICAL APPROACHES 

Practitioner	 Alcohol Input	 Ignition	 Cc.TnEnt 

Detroit Diesel	 Injection	 Glow Plugs Uses Two-Stroke Engine, But Glow 
Allison (GI)	 Plugs Can Also Be Used With 

Four-Strokes, CM Will Sell 
Methanol-Adapted 6V-92 Engines In 
1991. Three Buses Now Operating. 

M.A.N.,	 Injection	 Spark	 Several M.A.N. Buses New Oper-
Caterpillar	 Plugs	 ating, Emissions are Very Clean 

But Purchase and Operating Costs 
Are High. 

Contains,	 Injection	 Chenical	 Several Hundred Trucks and Buses 
Daimler-Benz,	 Ignition	 Operating on Ethanol in Brazil, 
lCI	 Pnmter	 Several on Methanol in Nev 

Zealand, Easy Retrofit, Easy Re-
turn to Diesel Fuel. 

Navistar,	 Aspiration	 Pilot	 Alcohol Proportion Limited By 
University &	 (Fumigation)	 Injection Knock, May Not Meet All 1991 New 
Testing Labs	 of Diesel	 Source Standards, Easy Return to 

Fuel	 Diesel Fuel. 

Microerrulsion	 Conven-	 Can Reduce Emissions But May Not 
With Diesel	 tional	 Meet All 1991 New Source Stan-
Fuel, Injected	 (Ccupres- dards, Easy Return to Diesel 

slon)	 Fuel. 
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TABLE 3

PARTICULATE STANDARDS FOR DIESEL EN31NES 

Passenger Cars 

1986 Fereral 0.6 grams per mile 
1986 California 0.2 grarm per mile 
1987 Federal 0.2 grams per mile 
1997 California 0.08 grams per mile 

Light Trucks (Under 8,500 Lbs GVWR) 

1906 Federal 0.6 grams per mile 
1996 California 0.2 grams permiie 
1987 Federal 0.26 grant per mile 
1987 California 0.08 grams per mile

Manufacturers have had success In reducing particu-
late emissions from motor vehicles through vehicle 
and engine modifications. Since particulate emissions 
are roughly proportional to the amount of work done 
by the engine, such things as reducing vehicle size 
and weight, and changes In aerodynamic design have a 
positive effect. Electronic engine controls, and 
changes in engine design features such as combustion 
chamber design, fuel injection timing, fuel injection 
rate, and fuel spray pattern can also reduce particu-
late emissions. Even with such modifications, 
however, particulate emission levels remain relatively 
high. 

Particulate Trap Oxidizen 

In order to achieve truly low levels of particulate 
emissions, manufacturers also have turned to after-
treatment devices. 	 The most promising of these is 
the trap oxidizer. Trap oxidizers systems have 
demonstrated particulate control efficiencies in some 
Instances of over 90 percent. The system consists of 
a filter positioned In the exhaust system. Since the 
volume of particulate matter emitted is sufficient to 
fill up and plug a reasonably sized filter over time, 
some means of disposing of this trapped particulate 
must be provided. The most promising means of dis-
posal is to burn or oxidize the particulate in the trap, 
thus regenerating the filter. 

A complete trap oxidizer system consists of three 
components, the filter itself, the regeneration system 
and the controls which bring about regeneration. 

A number of filter materials have been tested, includ-
ing a monolithic ceramic trap, wire mesh, foam, mat-
like ceramic fibers, and woven silica fiber coils. 

The exhaust temperature of diesels is not always suf-
ficient to bring about regeneration in the trap. A 
number of systems are being developed to bring about 
regeneration of traps.	 Some of these methods
include:

- Throttling the air intake to one or more of 
the cylinders thereby Increasing the hydrocar-
bon and carbon monoxide concentration in the 
exhaust. 

- Using a catalyst coated trap 

- Using metallic fuel additives to reduce the 
temperature required for Ignition of the ac-
cumulated material 

- Throttling the exhaust gas downstream of the 
trap. This adds back pressure to the engine 
thereby causing the temperature of the ex-
haust gas to rise 

- Using burners or heaters to heat the exhaust 
gas to the particulate ignition temperature 

- With two cycle engines in transit buses a con-
cept of bleeding in scavenger air has been 
tried 

Trap equipped passenger cars are sold by Daimler-
Benz (Mercedes). 

No light duty, truck manufacturer currently markets 
trap-equipped vehicles, but a number of promising sys-
tems are being developed. 

Heavy Duty Vehicles 

With EPA's and California's heavy-duty particulate 
standards now in place, engine manufacturers, trap 
manufacturers and others are subjecting prototype 
trap systems to a full range of testing. 

Heavy duty applications of the trap oxidizer present 
special engineering challenges. While the basic tech-
nology to ensure a high trap collection efficiency has 
been established, the durability of a trap system in 
heavy-duty application needs to be demonstrated. Un-
les.s that can be accomplished, the only alternative 
for meeting the 1994 standards may be the use of 
methanol or other alternative clean fuels. 

NATIONAL ACID PRECIPITATION REPORT 
GENERATES CONTROVERSY 

The National Acid Precipitation Assessment Program 
(NAPAP), a coalition of public agencies investigating 
the "acid rain problem" has issued an interim report 
summarizing the first five years of work. The results 
have been widely hailed by industry as showing that 
the true dimensions of the acid rain problem have 
been greatly exaggerated in the public eye. This of 
course provoked retaliation from those groups who 
have promoted acid rain as a national crisis, by 
claiming the report is politically slanted and It 
draws improper conclusions from the data. Obviously 
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no one report will be the final answer in any area as 
emotionally charged and as hard to evaluate scientifi-
cally as Is acid rain. 

The report suggests that the acidity of many lakes in 
the Northeastern United States has reached a steady 
state and is not likely to worsen in the next few 
decades. An executive summary of the four-volume 
work appears to downplay the impact of acid rain on 
lakes, streams, forests, materials and human health. 
It concedes that some lakes and streams in sensitive 
regions have been acidified by atmospheric deposition 
"at some point in the past 50 years." However, the 
report says, available data suggest that most 
watersheds in the glaciated Northeast United States 
are at or near a steady state of sulfur deposition and 
that significant acidification is unlikely to occur 
during the next few decades. 

Likewise, significant rapid changes in acidic surface 
waters in the Upper Middle West and Mountain West 
would not be expected at current deposition levels, 
NAPAP says. 

Agencies participating in writing and reviewing the 
study Include the Department of Agriculture, Depart-
ment of Commerce, Council on Environmental Quality, 
Department of Energy, Environmental Protection 
Agency, Department of Health and Human Services, 
Department of Interior, National Aeronautics and 
Space Administration, National Oceanic and Atmos-
pheric Administration, National Science Foundation, 
Department of State, and Tennessee Valley Authority. 

The four-volume 925 page report is intended to 
"critically evaluate, synthesize, and present state-of-
the-science information in order to provide a sound 
basis for the formulation of public policy as It per-
tains to the issue of acidic deposition." 

Brief synopses of the ten major chapters are sum-
marized below. 

Emissions of Acidic Deposition Precursors 

The data indicate that power plants located primarily 
in the middle and northern parts of the eastern 
United States are currently the primary source of 
emissions of sulfur dioxide and a major source of 
nitrogen oxides. However, they have been so only 
since about 1960. Transportation and other dispersed 
activities are a significant source of nitrogen oxides 
and volatile organic compounds; therefore, those emis-
sions are more evenly distributed over the United 
sore increased substantially between the early part of 
the century and today because of increased fuel use 
and industrial activity. However, over the last 
decade or so, emissions of sulfur dioxide and volatile 
organic compounds have declined, and the steady rise 
in nitrogen oxides appears to have abated in most 
regions.	 The declining emission trends occurred 
despite large increases in coal use and motor vehicle 
registrations over the last decade. Manmade emis-
sions of sulfur dioxide and volatile organic compounds 
in the United States, on a per capita and per real 
dollar of GNP basis, have shown net declines since 
1940.

Natural emissions of sulfur compounds appear to con-
tribute only a minor increment to atmospheric acid 
formation. However, emissions of volatile organic 
compounds from vegetation may be extremely impor-
tant, especially in the summer. Natural sources may 
also contribute a substantial amount of emissions of 
nitrogen oxides. 

Emission Control Technologies 

In the utility sector, flue-gas desulfurization is a 
proven technology for reducing sulfur dioxide emis-
sions by 90-95 percent at high availability. Low-
nitrogen oxides burners are commercially available to 
reduce nitrogen oxides emissions from new and some 
existing coal-fired power plants by about 50 percent. 
Physical coal cleaning (10-30 percent sulfur removal) 
and fuel switching have been traditional' ways to 
reduce sulfur prior to combustion. 

A number of innovative electricity generating tech-
nologies are under development with the aim of 
achieving either higher removal efficiencies at similar 
cost to conventional technologies or similar removal 
efficiencies at lower cost. Integrated gasification 
combined cycle (10CC) is one promising technology 
that can potentially achieve 99+ percent reduction of 
sulfur dioxide emissions and 95 percent reduction of 
nitrogen oxides emissions. Atmospheric fluidized-bed 
combustion (AFBC) can achieve 90-95 percent reduc-
tion of sulfur dioxide emissions and 70-80 percent 
reduction of nitrogen oxides emissions. 

Industrial processes that generate sulfur dioxide emis-
sions, such as nonferrous smelting and fluidized 
catalytic cracking, and nitrogen oxides emissions from 
turbines and furnaces have unique requirements. 	 In 
almost all cases, technology exists to remove 
90+ percent of sulfur dioxide, but only 25-35 percent 
of nitrogen oxides. 

Options to reduce automotive nitrogen oxides emis-
sions much below current regulations are limited. 
Further reductions in volatile organic compounds emis-
sions from automobiles below current standards may 
have to rely on computer-controlled or ceramic en-
gines, methanol or related new fuels, or electric 
vehicles. 

Future Emissions 

A review of recent projections of utility sulfur 
dioxide emissions suggests that emissions between 
1985 and 2010 will either remain roughly constant 
(with assumed plant retirement ages of 45 to 
50 years) or increase (with a 60-year lifetime 
assumption). After 2010, emissions are projected by 
most models to decline as units constructed before 
the implementation of New Source Performance 
Standards (NSPS) are retired and replaced by units 
meeting current NSPS (70 percent-90 percent control). 
Utility emissions of nitrogen oxides are projected to 
increase throughout the projection period, in accord-
ance with increasing demand for electricity. 

Nonutility emissions of sulfur dioxide and nitrogen 
oxides are projected to Increase as a result of in-
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dustrial growth. However, revision of New Source 
Performance Standards for industrial boilers, tighten-
ing of other emission regulations, and penetration of 
new technology may attenuate these projected In-
creases. 

Published projections of total emissions show sulfur 
dioxide emissions being roughly constant throughout 
the projection period and nitrogen oxides increasing 
steadily. Projections of emissions of volatile organic 
compounds that have been made to date show a 
decline from the present until about 1995. 

Atmospheric Processes 

Atmospheric transport and transformation processes 
provide the links between the emission of pollutants 
into the atmosphere and their deposition to a given 
receptor area. NAPAP has identified and investigated 
key portions of those processes that were not well 
understood (i.e., dry deposition, and gas- and aqueous-
phase chemistry). To put all important atmospheric 
processes into a logical framework in which their 
combined effects can be examined, the Regional Acid 
Deposition Model (RADM) has been developed and is 
now in the testing stage. 

Acidic Deposition and Its Gaseous Precursors 

This chapter describes the methodology for monitoring 
wet and dry acidic deposition, the results from 
nationwide monitoring networks, trends of the con-
centrations and deposition of these pollutants, and es-
timates of their natural background levels. 

Annual average concentrations of sulfur dioxide in 
1985 ranged from less than one parts per billion at 
the five percent of the monitoring sites used in EPA 
(Environmental Protection Agency) trends analyses to 
more than five parts per billion at the highest five 
percent of the trend sites. Annual average con-
centrations for all sites is about 10 parts per billion, 
at sites near sources they can be much higher. The 
long-term decrease of 36 percent in the national 
composite annual average concentration from 1975 to 
1984 is consistent with the changes in national sulfur 
dioxide emissions in this period. 

Wet deposition contours across the United States 
based on measurements from a network of over 
150 stations are shown for 1985 (and earlier years) 
for hydrogen ion, sulfate ion, nitrate ion, and am-
monia ion. The most acidic annual weighted average 
pH of about 4.2 lies in the area of western Pennsyl-
vania, eastern Ohio, and southwestern New York. The 
annual weighted average p11 increases outward to 
about a pH of 5.0 along the 95 0 longitude, and in 
southern Florida, and 4.5 in northern New England. 
Clouds and fogs have higher concentrations of all ions 
including hydrogen than rains in the same areas and 
times. The average natural background of rain pit in 
the eastern United States is estimated to be about 
5.0. This is a key conclusion because many environ-
mental groups have claimed that rainfall with a pH of 
five is acidic, unnatural, and damaging.

Effects of Acidic Deposition on Agricultural Crops 

This evaluation indicated that there are no measurable 
and consistent effects on crop yield from the direct 
effects of simulated acidic rain at ambient levels of 
acidity. The conclusion is based on yield measure-
ments of grains, forage, vegetable and fruit crops ex-
posed to a range of simulated rain acidity levels in 
controlled exposure studies, and is supported by 
results from mechanistic and screening studies. 

In contrast, controlled studies indicate that ambient 
levels of ozone in the United States are sufficient to 
reduce the yield of many agricultural crops. The 
economic effects of annual crop loss associated with 
current levels of ozone have been estimated to be on 
the order of a billion dollars. 

Effects of Addle Deposition of Forests 

A major objective of NAPAP is to determine what 
role, if any, air pollution plays in regional forest 
health.	 On a regional scale, It considers United 
States forests In four categories: intensive planta-
tions, managed forests, low-elevation natural forests, 
and abovc-cloudbase forests. Among the forest lands 
of the 48 contiguous states, the areal percentages are 
approximately 8, 22 9 69 and one respectively. Inten- 
sive plantations have the highest health and most 
stress resistance. None are reported to have 
symptoms which point to air pollution impacts. 
Managed forests are on sites of moderate produc-
tivity. Low-elevation natural forests are extensive in 
geographic distribution, species composition, and en-
vironmental variety. In the United States, several 
ongoing declines affecting managed or low-elevation 
natural forests are suspected of having an air pollu-
tion component of their stress.	 Decline evidence is
suggested by growth reductions and some visual 
symptoms in the low-elevation forest. The above-
cloudbase forests are exposed to severe natural 
stresses as well as being frequently immersed in 
clouds containing pollutants at higher concentrations 
than observed in rain. More extensive examples are 
present in Central Europe. Foliar damage and mor-
tality are common symptoms strongly suggesting ad-
verse impacts by air pollutants. 

However, NAPAP states that controlled exposure re-
search to date shows no direct faller impacts to see-
dlings by acidic precipitation or gaseous sulfur dioxide 
and nitrogen oxides at regional ambient levels in the 
United States. Gaseous ozone occurs at concentra-
tions in the United States at levels found In experi-
ments to be phytotoxic to tree seedlings. Therefore, 
ozone is the leading suspected pollutant that may 
stress regional forests and reduce growth. 

Effects of Acidic Deposition on Aquatic Systems 

Surveys were conducted in potentially sensitive regions 
of the country to determine the chemical status of 
surface waters. Surveys of lakes larger than four 
hectares in the East and one hectare in the West 
sampled during fall turnover show that there are es-
sentially no lakes or reservoirs in the mountainous 
West, Northeastern Minnesota, and the Southern Blue 
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Ridge Province of the Southeast with pH less than 5.0 
(at a pH less than 5.0 most clear water takes do not 
support sports fish) and very few with pH less than 
5.5. Most other sampled subregions show less than 
0.5 percent of the lake area and less than one per-
cent of the number of lakes with pH less than 5.0. 
The three subregions with the highest percentage of 
acidic lakes are the Adirondacks and the Upper Penin-
sula of Michigan where up to two percent of the take 
area and 10 percent of lakes have a less than 5.0, 
and the Florida subregion where 12 percent of the 
lakes and the lake area are acidic (pIt less than 5.0). 

Limited data suggest that surface water sulfate con-
centrations roughly track trends In sulfur emissions. 
In the Northeast, sulfur dioxide emissions have 
decreased in recent years; over the same period, sur-
face water sulfate concentrations have decreased. 

There is a strong positive correlation between lake pH 
and the probability of fish presence. At a p11 below 
5.0, serious deterioration in fish distribution occurs 
unless calcium or organic materials are abundant. 

Lake acidity can be neutralized for a period of 
months to years by application of limestone to the 
lake or to its watershed. Fish populations usually 
benefit. 

Effects of Addle Deposition on Materials 

In spite of a significant body of published research on 
the effects of acid rain on materials, the type of 
quantitative information required for an economic 
assessment is only now beginning to be available. 
These unknowns must be reduced and the uncertainties 
quantified before a credible economic assessment of 
the effects of acidic deposition to materials can be 
made.

Effects of Addle Deposition on Human Health and 
Visibility 

Recent controlled experiments have indicated that 
acidity, particularly titratable acidity, Is a factor 
which affects the toxicity of fine inhalable particulate 
aerosols. Studies with both animals and humans 
demonstrate that there are subgroups of responders 
that are particularly sensitive to sulfur dioxide, ex-
hibiting Increased bronchoconstriction from one-hour 
sulfur dioxide concentrations possibly as low as 100-
250 parts per billion. Hourly concentrations at these 
levels have been reported in some rural and urban 
locations In the United States that are affected by 
major point sources of sulfur dioxide. 

Controlled human studies using short-term exposure 
indicate that ambient levels of nitrogdn dioxide 
(maximum one-hour concentrations of 50 to 500 parts 
per billion) generally are not high enough to cause 
respiratory effects except in exercising asthmatics. 

The effects resulting from repetitive or long-term ex-
posures to these air pollutants has not been 
adequately addressed. 

It appears that all areas in both the eastern and 
western United States have some reductions in 
visibility as a result of sulfate and nitrate aerosols, 
carbonaceous materials (including soot from combus-
tion and organic carbon) and nitrogen dioxide. 
Visibility has improved recently in the Northeast but 
has deteriorated in the Southeast. 

## ## 
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RECENT GENERAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the 25th Automotive Technology Development Contractors' Coordination 
Meeting held In Dearborn, Michigan, October 26-29, 1987: 

Graves, R. L., "Technical Highlights of Alternative Fuels." 

Garrett, D., "DOE and Government Alternative Fuels Utilization Activities." 

Rollbuhler, R. J., "Combustion Characteristics of Gas Turbine Alternative Fuels." 

The following papers were presented at the 1987 SAE International Off-Highway and Powerplant Congress and 
Exposition held in Milwaukee, Wisconsin, September 14-17, 1987: 

Few, Dr., P. C., et at., "Dual Fuel Control of a High Speed Turbocharged Diesel Engine." 

Few, Dr. P. C., et al., "Dual Fuel Combustion in a Turbocharged Diesel Engine." 

Bertilsson, B., at al., "Experience of Heavy Duty Alcohol-Fuelled Diesel Ignition Engines." 

Kobayashi, S., et at., "A Comparison of Thermal Efficiency of Carbureted and Injection Methanol 
Engines by Means of Thermodynamic Cycle Simulation." 

Fritz, S. C., et at., "A Photographic Study of Cold Start Characteristics of a Spark Assisted 
Diesel Engine on Broad Cut Diesel Fuels." 

GENERAL - PATENTS 

"Flocculation of Particles by Polymers that Precipitate Out of Solution", Jay Donald - Inventor, Exxon Research and 
Engineering Company, United States Patent 4,696,750, September 29, 1987. A process for flocculating solid fines 
from a solution comprising said solid fines and an organic liquid which comprises the steps of: (A) adding with 
mixing about 100 to about SOD ppm of an unneutralized or neutralized sulfonated polystyrene to said solution of 
solid fines; and (B) adding with mixing about five to about 25 weight percent of an antisolvent to the mixture of 
the sulfonated polystyrene and said solution of said solid fines. 

"Process for the Removal of Solids From an Oil", Edward C. Hsu, Kevin P. Kelly, Sylvia M. Lacy, Philip Merchant, 
Jr., Dean L. Smith, Jr. - Inventors, Exxon Chemical Patents incorporated, United States Patent 4,692,237, Septem-
ber 8, 1987. A process for removing suspended solids, particularly difficultly filterable inorganic solids, from an oil 
obtained as a refinery process fraction from steam and catalytic cracking units, shale oil retorting process fraction, 
or from coal conversion progresses by adding to the oil an agglomerating agent which is a polyelectrolyte, usefully 
a water-in-oil emulsion of a water-soluble polymer whereby said solids are clustered together into readily separable 
agglomerates.
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COMING EVENTS 

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. 

FEBRUARY 17-19, DENVER, COLORADO - National Western Mining Conference and Exhibition. 

FEBRUARY 17-19, WASHINGTON, D.C. - Fifteenth Energy Technology Conference and Exposition. 

FEBRUARY 25-27, BEIJING, CHINA - Third Pacific Rim Coal Conference. 

MARCH 20-23, HOUSTON, TEXAS - American Association of Petroleum Geologists Annual Meeting. 

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

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

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

APRIL 17-21, GOLD COAST, QUEENSLAJ4D, AUSTRALIA -- Australian Coal Conference. 

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

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

APRIL 25-27, BIRMINGHAM, UNITED  1(1NGDOM - Gasification--Status and Prospects Conference. 

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

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

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

MAY [0-20, GA'FLINBURG, TENNESSEE - Tenth Symposium on Biotechnology for Fuels and Chemicals. 

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

JUNE 5-10, TIBERIAS, ISRAEl. - The Second International Congress on Energy. 

JUNE 5-1I, FRANKFURT AM MAIN, GERMANY -- International Meeting on Chemical Engineering. 

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

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

JUNE ia-is, MINNEAPOLIS, MINNESOTA - 29th U. S. Symposium on Rock Mechanics. 

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

PETROSIX PLANT GETS NEW DATA SYSTEM 

In July 1987, a new data acquisition system (DAS-301) 
was installed at the retorting unit of the Irati 
Prototype Plant, Petrobras' experimental shale oil 
plant in Parana state. The system permits monitor-
ing, recording and analysis of data pertaining to the 
process, whether acquired directly from the field or 
supplied by the operator. 

Initially designed to replace oil raultipoint temperature 
recorders, the D AS-301 had its scope expanded and 
modified to carry out various other functions with the 
aim of improving the quality of information about the 
retorting	 performance. 

Temperature readings inside the retort came from a 
set of 84 thermocouples. These temperatures as well 
as those of the gas heater used to be obtained from 
slow multipoint recorders which imposed restrictions 
on the quality of information. 

Now those temperatures are read much more quickly, 
accurately and reliably, facilitating analyses, change 
of conditions and studies. 

The DAS-301 was manufactured in Brazil and has the 
following basic functions: data acquisition, data input 
by operator, instant calculation of average values, 
alarm monitoring and recording, recording of historic 
values, output of reports, transfer of historic data and 
output of special charts. 

The hardware configuration is as follows; PCXT 
microcomputer, color video monitor, keyboard, printer, 
MICI000 supervisory unit and multiplexing modules, 
amplification and linear transformation of ther-
mocouple signals. 

The DAS-301 software basically consists of: 

- Control programs: time monitoring, triggering 
seasonal programs, printer control, built-in 
controls, priorization of simultaneous process-
ing programs 

- Data acquisition program: receives real-time 
data and stores it in specific tables 

- Alarm monitoring program: by fixing limits for 
variables, the system displays and prints the 
time when such limits are exceeded 

- Historical data processor: generates and up-
dates files of historical records 

- Others: manual data input, generating reports, 
data file transfer by means of diskette, gen-
eration of special charts. 

Data display on the monitor is made on over 
20 different screens, each showing in particular a

temperature level in the oil shale bed or simplified 
flow charts with values updated In real-time. 

In the future, the system can be expanded to acquire 
other variables.	 It will also be able to establish 
communication with other computers. Petrobras 
states that the DAS-301 installation marks the begin-
ning of a new era in the Petrosix process. 

UNOCAL SHIPMENTS NEAR HALF MILLION 
BARRELS 

Shale oil production from Unocal's Parachute Creek 
oil shale operations has reached nearly 500,000 barrels 
to date. 

According to the United States Treasury Department, 
shipments which qualify for government price support 
amounted to 445,560 barrels at the end of September. 
Monthly shipments since Unocal first began drawing 
on government price supports In December, 1986, are 
shown in Figure 1.

FIGURE 1
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RAMEX PILOT PROGRAM SUCCESSFUL 

On November 24, 1987, Ramex Synfuels International 
announced the completion of its oil shale gasification 
pilot project on leases located near Rock Springs, 
Wyoming. Ramex had Installed two specially designed 
burners in the Green River formation at a depth of 
approximately 70 feet. The formation was heated to 
approximately 1,200 degrees creating a high-BTU gas 
with little or no liquid condensate. The wells sus-
tained a production of 75,000 cubic feet per day for 
a period of three months, then were shut down to 
evaluate the heaters and the metals used in the 
manufacturing of the heaters. The test results indi-
cated a five year life in a 10 foot section of the 
shale, producing gas of 800 BTU or higher per stand-
ard cubic foot.

Ramex has announced the start of a commercial 
production program in the devonian shale in the east-
ern states of Kentucky and Tennessee. Ramex has 
isolated leases in both states and has arranged funding 
for the initial phase of development expected to begin 
by December 31 9 1987. Application of the Rnmex 
process in this region appears especially attractive 
because of the existing federal tax credit of ap-
proximately $0.70 per thousand cubic feet for gas 
production from devonian shales. This credit is avail-
able until 1990. 
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CORPORATIONS 

NEW PARAIIO CORPORATION ANNOUNCES LOSS 
FOR YEAR 

The New Paraho Corporation announced revenues for 
the fiscal year ended June 30, 1987 of $59,594, 
resulting in a net loss of $328,738, or a $.01 per 
share. New Paraho began business on July 23, 1986 
as successor by merger to Paraho Development Cor-
poration as part of Paraho Development Corporation's 
reorganization under Chapter 11 of the Bankruptcy 
Code. 

The New Paraho Corporation also announced that it 
received notice that The Oil Shale Corporation, a 
wholly-owned subsidiary of Tosco Corporation has ex-
ercised its right to purchase interests In certain shale 
oil properties which The New Paraho owns In Rio 
Blanco County, Colorado. Paraho will be entitled to 
receive approximately $6,354,000 for such properties 
payable $574,000 at the closing (which Is expected to 
occur in December, 1987) with the remainder payable 
In 15 annual principal payments of approximately 
$385,000 beginning in December, 1990, with interest 
at five percent. 

Under income certificates issued by The New Paraho 
Corporation in connection with the reorganization of 
Paraho Development Corporation, The New Paraho is 
obligated to pay 30 percent of payments received 
from The Oil Shale Corporation to the Income certifi-
cate holders until the income certificates are paid off 
or until December 1995, whichever occurs first. 
Payments remaining on income certificates at June 
20, 1987 total $1,064,940. 

SPP/CPM REPORT CONTINUING OIL SHALE 
ACTIVITIES 

In their latest quarterly reports, Southern Pacific 
Petroleum NL and Central Pacific Minerals NE of 
Australia report continued progress on various oil 
shale projects. 

The companies' program to test and evaluate the ap-
plication of the Taciuk process to Stuart oil shale 
continued on schedule during the report period. The 
Taciuk process, sponsored by the Alberta Oil Sands 
Technology Research Authority (AOSTRA), Is based on 
rotary kiln technology which was developed for the 
thermal processing of oil sands. 

Following satisfactory bench scale testing of the 
process's suitability for oil shale In 1986, a 100 tonne 
per day Tacluk process pilot plant in Calgary, Canada 
has been adapted for oil shale, and work-up trials are 
now underway. The previously shipped 2,000 tonne 
bulk sample of Stuart Oil shale from the Kerosene

Creek Member is being used In these trials. The 
formal tests, to be completed in November/December, 
1987, will be followed by a period of evaluation with 
a view to the construction of a 
demonstration/commercial oil shale plant at Stuart. 
As of October, a total of 1,150 tonnes of oil shale 
had been processed. Results so far have been good. 

Condor Oil Shale Project 

Oil shale ore from Condor, previously supplied to the 
Japan Oil Shale Engineering Corporation, provided the 
process material for trials of the new Japanese oil 
shale pilot plant which started up in May. The tests, 
using 17,000 tonnes of Condor ore in their 300 tonne 
per day plant, were to continue until October. The 
plant is located near Fukuoka in Kyushu. The com-
panies have arranged to receive samples of the 
product oil for quality analyses and market accept-
ance studies. 

Plans have now been formulated to carry out trials 
with Condor oil shale in the Taciuk Processor pilot 
plant where the Stuart tests have been conducted. 

Rundle Oil Shale Project 

Esso Exploration and Production Australia Inc., as 
operator of the Rundle Joint Venture, has continued 
its studies. Evaluation of last year's resource charac-
terization program was completed, and oil shale 
reserves have been modeled, along with geological and 
quality models for the proposed first stage mine area. 
The waste management monitoring program continued 
to operate satisfactorily throughout the period. 

Following completion of a major series of tests of 
Rundle oil shale in the Exxon shale retort pilot plant 
at Baytown, Texas, Esso (as operator) has commenced 
a detailed review of the 1984 Rundle Commercializa-
tion Study. 

Research 

Experimental work programs continued successfully, 
including a major program "Comparative Reactor 
Studies for Australian Oil Shales". This project is 
developing detailed data on the residence times 
required for retorting and combustion for use in op-
timally sizing different reactors to minimize capital 
costs. 

A project analyzing mineral reactions during retorting 
and combustion of oil shales has begun. This project 
aims to provide data to assist retort and combustor 
design. 

The experimental portions of the comparative reactor 
and mineral reactions programs have been sub-
contracted to the CSIRO Division of Energy 
Chemistry and are partly supported by grants from 
the National Energy Research Development and 
Demonstration Program. 
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CLIFFS ENGINEERING TO CLOSE 

Cleveland-Cliffs Inc. announced the closing of its 
Western Division and Cliffs Engineering Company of-
fice in Rifle, Colorado, early in 1988. 

The office was established for oil shale development 
but the staff has primarily been engaged In contract 
engineering and mine evaluation activities in recent 
years. The largest current activity, preliminary 
development work for a potential $10 million 
lightweight aggregate project in Colorado, will be 
terminated. 

Earlier this year, Cliffs announced the sale of much 
of Its Colorado oil shale and Wyoming uranium Inter-
ests, which were managed by the Division, and his-
torically involved numerous joint ventures with major 
energy companies. Cliffs has remaining oil shale in-
terests in Utah and Colorado.

The Rifle office currently employs ten people, who 
will be leaving through retirements, transfers to fill 
vacancies elsewhere, or separations. 

M. Thomas Moore, president and chief executive of-
ficer, said, "This unit has made Important technical 
advances in oil shale mining and processing over many 
years. We have decided that its current projects are 
not likely to achieve adequate market share and 
financial returns In commodity businesses." 

Cleveland-Cliffs Inc. produces and sells iron ore, coal 
and hardwood lumber and veneer, supplies turnkey 
contract services for oil and gas drilling, sells pur-
chased commodities, and owns 26 percent of MLX 
Corporation. 
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GOVERNMENT 

INDIANA TO TEST SHALE OIL ASPHALT 

The Indiana Department of Commerce, Division of 
Energy Policy, says that a newly developed process 
utilizing Indiana shale oil along with other binders and 
aggregates to make asphalt could produce a product 
which lasts substantially longer than conventional as-
phalts. The process also may provide a new and vi-
able use for Indiana's 40 billion barrels of shale oil 
located primarily in the southwestern part of the 
State. 

The Division of Energy Policy, in conjunction with the 
United States Department of Energy, will assist the

New Paraho Corporation in the development of this 
new technology. Plans include laying a one-mile as-
phalt test strip. Assuming that shale oil modified as-
phalts last five times longer than the currently used, 
conventional asphalts, the potential savings to Indiana 
could be as high as $130 million. 

Indiana could emerge as a leader in demonstrating the 
beneficial use of shale oil modified asphalts, as well 
as developing a strong market for this large Indiana 
resource. 
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ENERGY POLICY AND FORECASTS 

GOVERNMENT LEADERSHIP REQUIRED FOR OIL 
SHALE SAYS VAWTER 

Speaking to the Rocky Mountain Oil and Gas Associa-
tion Committee on Oil Shale, at the annual meeting 
held on October 7 in Denver, Colorado, R. C. Vawter, 
Vice-President of the Western Research Institute 
urged elected officials to exert leadership in long-
term planning for oil shale, lie noted that as late as 
1982, the nation perceived that it had a domestic 
energy supply problem that required bold governmental 
and industry action. However, the last five years 
have brought about a complete reversal in attitudes 
because of the drop in energy prices and the fact 
that there are no lines at gasoline stations. The only 
"lines" now are those of United States Naval ships es-
corting tankers through the Persian Cult. The fact 
is, however, that the domestic petroleum supply 
demand situation has actually worsened. From a na-
tional security standpoint, the United States is in as 
potentially a precarious situation as it was during the 
supply disruptions of the 1970s. 

Vawter acknowledged that the trade press and some 
outside experts are starting to raise the level of con-
sciousness of the public that a serious energy dilemma 
still exists. One such expert, William W. Hogan from 
Harvard University, recently stated the United States' 
"energy policy concentrates on what to do in an 
emergency and ignores what should be done to 
prevent one." He went on to say, "if the United 
States cannot encourage energy development, it should 
at least quit discouraging it." The study endorses a 
$5 per barrel import fee and says the government 
must quit ignoring "the true cost of imported oil." 

Vawter says that actually a great deal has been ac-
complished since 1974 to change the course of the 
United States energy matters. Although its efforts 
were overall unsuccessful, the United States Synthetic 
Fuels Corporation did either inherit or spawn a total 
of four projects that have moved forward. The most 
notable Is the Unocal Shale Oil Project, which, after 
a rough start, may now be on the road to success. 

Elsewhere, he notes, there are other signs of 
revitalization of oil shale. New Paraho Corporation is 
starting up its pilot plant at Anvil Points for 
demonstrating the economic viability of the use of 
shale oil as an additive to paving asphalt--a concept 
patented by the Western Research Institute. Shell Oil 
Company has purchased two major blocks of shale 
reserves from the Ertl Trust and others. Likewise, 
Tosco Corporation has decided to exercise its option 
to purchase claims recently patented after years of 
court litigation. However, industry has reported 
little, If any, research and development activity 
during the period. 

On the United States political scene, there is no 
broad based support for oil shale. In the past several 
years, the administration has even zeroed out research 
and development funding. The Congress has responded

each year by providing approximately $10 million 
earmarked for institutions like national labs, univer-
sities, and institutes like Western Research Institute. 

This marginal level of funding through the United 
States Department of Energy has been insufficient to 
produce any meaningful technological breakthroughs or 
demonstrate new processes. In fact, much of the 
funding has been geared toward environmental Issues. 

This year, under the auspices of the Associated 
Governments of Northwest Colorado, a tri-state initia-
tive was developed to stimulate additional funding—up 
to $15 million —for oil shale research and develop-
ment. The Senators and Governors of Utah, Colorado 
and Wyoming endorsed the plan of this Oil Shale Ac-
tion Committee to fund studies on (1) a generic test 
center and (2) an economic enhancement program, 
totaling $6 million. The plan endorsed an equal 
amount for Eastern Oil Shale Research. The initia-
tive if successful represents a start for increasing, 
even though modestly, a recognition of the value of 
oil shale in the domestic energy mix. it Is ironic, 
however, that the Clean Coal Program has garnered 
support for hundreds of millions of dollars for projects 
that do nothing to help the looming shortage of liquid 
transportation fuels. 

Vawter went on to state that all informed sources 
believe the United States wilt face another petroleum 
supply crisis in the 1990s, and yet little is being done 
to prepare for it. The debacle of the Synthetic Fuels 
Corporation era has left a bad taste for oil shale In 
the mouths of many. There Is a general view that it 
will never be economic because of earlier inflated 
cost estimates, and that it has insurmountable en-
vironmental and socioeconomic issues. 	 The question 
not being asked is: what other plentiful domestic 
supply of alternate liquid transportation fuels is better 
than oil shale? The answer is: oil shale Is the most 
viable alternative. The reserves are huge. It is 
much more economical than liquid fuels derived from 
coal or alcohol fuels, but, for mainly political reasons, 
emphasis Is shifting to the latter. 

Assuming then that another oil supply crisis Is loom-
ing on the horizon and that government will respond 
to stimulate alternate domestic sources, what role 
will oil shale play this time? Vawter's fear is that 
oil shale will be bypassed unless advocates begin 
working within the political process to get the mes-
sage through and to convince our elected officials 
that oil shale is at least as important as coal in our 
energy mix and deserves comparable attention and 
funding. Specifically, he says, we first must enlist 
the dedicated support of Congressional delegations and 
governors in western oil shale states and link them 
with the eastern oil shale constituency. Above all, a 
strong advocate from one of the western delegations 
needs to rise to the occasion and lead the effort in 
Washington. Next, we need a strategic program for 
oil shale, demonstrating that it supports long-term na-
tional security and economic aims. Lastly, we need 
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strong support from industry and the citizens of the 
oil shale states. 

It seems apparent that without a strong federal 
government commitment nothing will happen to ac-
celerate oil shale commercialization until a crisis oc-
curs. Then it will be too late because of the lead 
times required. The goal should be, therefore, to In 
some way follow the model of the Canadian Tar Sand 
Industry—a partnership of government and Industry 
that has been able to move forward in spite of 
energy pricing cycles and changes in elected officials. 
The Energy Security Act was not the solution, but 
other political vehicles could accomplish the goal of 
stimulating this pioneering industry. Of late, old 
ideas to accomplish this goal have been reincarnated 
in the press.	 They include an energy mobilization
board, import fees, a mandated percentage of shale

oil-derived fuels, a "clean shale" program and various 
tax Incentives. There may be no "correct" answer, 
but we need to be formulating a consensus and begin 
letting our collective voices be heard in Washington. 
Also, it is equally Important that research, develop-
ment and demonstration programs be strengthened to 
reduce the cost of shale oil production and solve 
remaining real or perceived environmental problems. 

In summary, Vawter states that, not unlike the con-
ventional oil business, oil shale has reached a low 
point In this cycle. Our challenge is to eliminate the 
cycles and insure that oil shale is again considered an 
indispensable part of the nation's future energy mix. 
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TECHNOLOGY 

BUREAU OF MINES DESCRIBES EXHAUST SYSTEM 
FOR DIESELS IN OIL SHALE MINES 

The United States Bureau of Mines held a Technology 
Transfer Seminar in Louisville, Kentucky In April of 
1987. One of the subjects covered was the use of 
diesel powered equipment in gassy mines. Bureau 
personnel described a dry exhaust conditioning system 
for use on large vehicles operating in an underground 
oil shale mine. 

Bac*gro.md 

Diesel-powered mining equipment offers a number of 
advantages over other types of materials handling 
equipment. Mobility, versatility, fuel economy, 
ruggedness, and long service life have allowed diesel-
powered equipment to gain wide acceptance in surface 
and underground noncoal mines. 

Methane and combustible dust present In gassy mines 
pose fire and explosion hazards that must be con-
sidered In the design of diesel-powered equipment. 
Hot engine and exhaust system surfaces, and the ex-
haust gases themselves must be cooled to prevent 
fires and explosions, and provisions must be made for 
preventing the discharge of flame or sparks to the 
mine atmosphere. 

Specifications for diesel equipment in underground 
coal mines have not been established, but equipment 
to be used in gassy areas of underground coal mines 
Is tested by the rune Safety and Health Administra-
tion ri 511 A) in accordance with C FR Title 30, part 
36, except the maximum allowable surface tempera-
ture is reduced from 400 0 to 302 0 F. New standards 
for classifying gassy 'nines and requirements for each 
nine classification are being prepared by MSIIA. 

Part 36, subpart B, gives construction and design 
requirements for diesel-powered equipment in gassy 
noncoal nines. Requirements for the exhaust system 
Include an exhaust flame arraster, surface tempera-
ture requirements, tight joints, exhaust gas dilution, 
Cie ability of the exhaust system to withstand an ex-
plosion, and an exhaust cooling system. Cooling must 
be obtained by passing the exhaust through a con-
ditioner that contains water or a dilute aqueous 
chemical solution, or a spray of water or aqueous 
solution. These conditioners, referred to as water 
scrubbers, are used in those areas of gassy noncoal 
mines and coat mines where permissible equipment is 
required. 

All equipment presently certified under part 36 use 
water scrubbers. While water scrubbers have proven 
to be effective in cooling exhaust and acting as flame 
traps, they do have a number of problems. These 
problems include (1) sludge and mineral deposit buil-
dup on internal baffles and passages, (2) premature 
failure at mounting points and welds, (3) severe corro-
sion of mild steel welds and components, and (4) pit-
ting corrosion of stainless steel components.

The use of water scrubbers has other disadvantages. 
Scrubber solution must be added frequently, and 
entrained water In the exhaust can condense when 
discharged to the atmosphere, obstructing visibility in 
the mine. Vehicle design and operator field of vision 
may be affected by their large size, and the back-
pressure induced on the engine by the scrubber can 
affect its performance. 

The need for exhaust controls for large engines (up to 
700 hp), such as those used in underground oil shale 
mines, requires alternative control systems. These 
engines have much higher exhaust flow rates, and 
would require a much larger scrubber than those cur-
rently in use with smaller engines. Methane, combus-
tible dust, and other combustible liquid or gaseous 
products that may be present in oil shale mines 
require that any exhaust controls used meet part 
36 requirements. 

Alternative for Fire and Explosion Control 

Any explosion-proofing system must have the 
capability to control surface and exhaust tempera-
tures, prevent sparks and flame from being emitted to 
atmosphere, and must maintain structural integrity in 
the event of an internal explosion. Four concepts 
were studied and were all judged to be capable of 
accomplishing these requirements, but three were 
rejected.	 Table I gives a comparison of the four
concepts. 

The air Injection concept with a mechanical flame ar-
rester uses a blower to inject air into the exhaust 
manifold in sufficient quantity to lower the exhaust 
temperature to 400 0 F. Spaced-plate or crimped-
ribbon type flame arresters are placed at both the air 
inlet of the blower and the outlet of the exhaust 
manifold.	 Sensors are provided for engine shutdown 
should an internal explosion or fire occur. 

The main drawback with the air injection concept is 
the need for active safety shutdown devices, and this 
is the primary reason why it was not selected as the 
preferred concept. 

The water spray concept with a mechanical flame ar-
rester consists of spraying water directly into the ex-
haust stream.	 A flame arrester would be required 
downstream of the water spray. While the water 
spray system is simpler than a conventional exhaust 
scrubber and would require less maintenance, it would 
still consume an estimated 200 to 400 gallons per 
shift of water, for each vehicle. The problem of high 
water consumption, and the likelihood of escaping 
water vapor causing fogging problems underground, 
resulted in this concept being rejected. 

The fluidized bed concept has the exhaust passing 
through a fluidized sand bed and a mechanical flame 
arrester. The sand bed is cooled by water flowing 
through tubes in the bed. The result is a system that 
would be very compact, have no water consumption, 
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TABLE 1 

COMPARISON OF FOUR EXHAIJST-cflIDlTlONltj3 CONCEPTS 

Cool, 
Air	 Injection Water Spray Fluidized Bed Arrest,	 Dilute 

Physical: 
Water Consurrption 

Gal/Shift None 200-400 None None 
Engine Backpressure Lowest Okay Okay Okay 
Bulk Small Big Medium Medium 
Rotating Components Fan Pimp Pimp, Fan Pimp, Fan 
Approx Power Lost Pet 2 None 2 2 

Capital Cost Lowest? Average Average Average 
Flame Arrester: 

Needed 2 1 Perhaps 1 
Maximum Temperature O F Cold and 400 400 400 570 
Temperature Control Response Fast Fast Fast Slow 

Maintenance: 
Uncormxrn Maintenance None Add Water Add Sand None 
Fouling Resistance Good Fair Good Very Good 
Cleaning Labor Low Low Low Low 

Risk: 
Operating (Worst Cause) Dependent on Low Water Detecting Sand Pimp 

014 Detector? Loss 
Development Moderate Moderate Higher Moderate 
Unknowns Durability, Durability, Sizing Details, Durability, 

Sparks Sparks Sparks, Flame Sparks 
Flame Trap

and would require n little maintenance. However, 
this technology would require an extensive develop-
ment effort before attempting to adapt it to mine 
vehicles. 

Heat Exchanger with a Mechanical Flame Arrester 
and Fume Diluter 

This concept has the exhaust gas passing through a 
heat exchanger, flame arrester, and fume diluter. It 
was selected as the preferred concept. 

Based on data on the ignition temperatures of oil 
shale dust, surface and exhaust gas temperatures of 
4000 F were considered to be conservative. A 
schematic of the dry exhaust conditioning concept is 
given in Figure 1 (the air intake side of the engine, 
with an air shutoff valve and intake flame arrester, Is 
shown for completeness). 

The Bureau notes that dry systems using heat ex-
changers, spark arresters, and flame arresters are 
being used in coal mines In Europe. Following is the 
Bureau's description of each part of the dry system! 

Engine exhaust manifold — The surface temperature of 
the exhaust manifold and exhaust pipe is maintained 
at temperatures below 400 0 F by water jacketing.

Turbocharger—The turbocharger, besides boosting en-
gine power output, also cools the exhaust gas by as 
much as 200 0 F. This can significantly reduce the 
cooling requirement of the heat exchanger. Water-
jacketed turbochargers are commercially available that 
limit surface temperatures to less than 400 0 F. 

Heat exchanger—A shell and tube heat exchanger was 
selected to reduce the exhaust temperature further. 
The exhaust gas cannot exit the heat exchanger at a 
temperature higher than 570 0 F, because that is the 
operating limit of the flame arrester. The gas-in-
tubes configuration was selected. 

Flame _arrester--Parallel-plate or spaced-plate flame 
arresters have been used by the mining industry in 
Europe on both the intake and exhaust systems. In 
the United States, they have been used only on intake 
systems, because water scrubbers function as the 
flame arrester on the exhaust side. At temperatures 
exceeding 275 0 F, the problem of plugging of the 
gaps by diesel particulate is greatly reduced. Another 
option considered for use with this system is a 
crimped-ribbon type flame arrester, which is much 
lighter and would provide for much easier changeout. 
Both of these flame arresters would have to be 
mounted In a water-jacketed housing. 
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FIGURE 1 

SCHEMATIC OF EXPLOSIONPROOF DRY EXHAUST CONDITIONING CONCEPT 
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Spark arrester — itather than have a separate spark ar-
rester, that function would be incorporated into the 
heat exchanger. The design would be based on the 
operation of baffled spark arresters, where diverting 
the exhaust around a band allows particles In the ex-
haust stream to be trapped. The tube and shell heat 
exchanger could incorporate this separation of par-
ticles from the exhaust in one or more end flanges. 

Fume diluter — If the increase in backpressure from the 
system were not excessive, the exhaust gas would 
pass through a venturi dilution device after leaving 
the flame arrester. This would cool the exhaust gas 
to less than 400 0 F by dilution. 

Cooling system —The water jacketing of exhaust com-
ponents and the waste heat from the heat exchanger 
could either by handled by a larger engine radiator or 
a separate smaller one. If the engine radiator was 
used, it would have to be larger than standard by as 
much as 40 to 60 percent. 

According the the Bureau, this concept for a dry ex-
haust conditioning system is intended to not only 
meet safety requirements, but optimize system per-
formance. For example, by allowing the highest pos-
sible exhaust temperature at the flame arrester, the 
problem of plugging by diesel particulates is reduced. 
The use of a turbocharger and fume diluter reduces 
the cooling requirement of the heat exchanger and 
radiator.

Status of Research Program 

During 1986, the Bureau entered into a cooperative 
research project with the Colorado Mining Association, 
the Caterpillar Tractor Company, Wagner Equipment 
Company, Union Oil Company, Long Ridge Oil Shale 
Mine, and MSHA. The aim of the project is to fabri-
cate, and laboratory and in-mine test a dry exhaust 
conditioning system for a 650-hp haulage truck, based 
on the concept described. The 29-month project Is 
being performed under contract to J. F. T. Agapito & 
Associates, and is scheduled to be completed in 1988. 

CSIRO PATENTS OIL SHALE RETORTING PROCESS 

United States Patent 4,617,107 issued to J. Mandelson 
et aL and assigned to Commonwealth Scientific and 
Industrial Research Organization and CSR Limited, of 
Australia, is titled 'Process for the Recovery of Oil 
From Shale". 

The stated object of this invention is to provide a 
continuous process for the recovery of hydrocarbon 
values from oil shale using as a heat carrier the hot 
shale solids residue. 
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It has been discovered that high yields and good 
quality of products, and a high thermal efficiency of 
the process can be achieved: by carrying out retorting 
in a retort in which the solids are well mixed, to 
which a purge gas which is also a reactant Is sup-
plied. Both the generation of a solid heat carrier and 
recovery of energy by combustion of spent shale take 
place in one fluidized bed reactor. The chemistry of 
the major inorganic constituents of shale, calcium and 
silica compounds, Is advantageously utilized by selec-
tive control of the operating conditions and of the 
reaction environment in both the retorting and com-
bustion zones. 

Selective withdrawal of coarser solids from the com-
bustion zone has been found to facilitate separation 
of solid wastes which are rich in sulfur compounds 
from the heat carrier solids and that inert solids 
suitable for disposal can be prepared by reacting with 
carbon dioxide rich gas while simultaneously recover-
ing excess heat. 

It has been also discovered that a substantial con-
tribution to the retorting heat requirement can be 
made by control of the temperature and the composi-
tion of the atmosphere in the retort. 

In addition, the retorting of raw shale, in mixtures of 
raw shale and particulate solids which contain free 
lime as either calcium oxide or calcium hydroxide, 
causes both the specific gravity and the sulfur con-
tent of the oil to decrease. It has further been dis-
covered that the proper selection of retorting condi-
tions, including selection of the chemical composition 
of the solids, leads to n substantial reduction In the 
production of acid gases and carbon monoxide during 
retorting. 

Generally, the invention comprises retorting the raw 
shale with a hot, recirculating, solid heat carrier 
which contains free line, preferentially in a rotary 
retort, screw mixer retort or fluidized bed retort. It 
is purged by steam or carbon dioxide using ratios of 
the three inputs to achieve proper retorting tempera-
tures without the need to apply external heat. The 
process is characterized in that: good heat transfer 
a.nong particles is provided, the residence time of 
solids Is controlled, retorting products are quickly 
purged out, and a significant amount of heat is gen-
erated by the reaction of steam with the lime in the 
solid heat carrier. The mixture of spent shale and 
heat carrier are separated from product gases and 
vapors after retorting, the volatile products are 
quenched to inhibit the progress of deleterious secon-
dary reactions such as cracking and polymerization. 
Combusting the non-volatile carbonaceous residue in 
the mixture of spent shale and heat carrier with air 
is carried out in a fluidized bed combustor under con-
trolled conditions where: the fuel value of the spent 
shale is efficiently utilized, the limestone and 
hydrated lime are decomposed, the lime or limestone-
silica or silicate reactions are promoted, and the sul-
fur in the spent shale is converted during combustion 
to calcium sulfite or sulfate. 

The coarser particles are selectively separated from 
the combustor zone overflow as a stream of heat car-

rier which is then transported back to the retorting 
step thus closing the cycle. Waste solids are 
withdrawn from the combustion zone while recovering 
the sensible and chemical heat by cooling in rotary 
bed steam generators in several steps and reacting 
the remaining lime with a gas rich in carbon dioxide, 
or steam or both. 

The process comprises mixing raw shale particles of 
which more than 90 percent by weight are under 
10 millimeters and less than 10 percent by weight are 
under 38 microns, at a temperature from ambient to 
300 0 C with the heat carrier solids and steam at 
temperatures between 600 0 000 0 C in a ratio which 
will result in a retorting temperature of the mixture 
between 4200_5500 C. The overall pressure in the 
retort and other main vessels is in the range 1-3 bar. 
The partial pressure of steam in the retort Is kept at 
0.1-1.0 bar and the residence time of solids between 
1-30 minutes. 

Excess air in the fluidized bed combustor is kept be-
tween 5-100 percent above the stolchiometrlc 
requirement and the average residence time of solids 
between 1-30 minutes, 

The ratios of fuel values to calcium, calcium to 
silica, and calcium to total sulfur must be controlled 
to achieve inter alia the required temperature of the 
heat carrier in the combustor at 700 0 -900 0 C, to 
compensate for the generally endothermic calcination 
reactions taking place in the combustor and to con-
vert organic sulfur compounds and sulfides to calcium 
sulfite or sulfate. This can be achieved by control-
ling additions of limestone and the quantity and 
quality of oil yield produced during retorting by selec-
tive absorption, on spent shale and other solids in the 
retort, of the high molecular weight portion of oil 
which is of low value. The important ratios referred 
to above can also be controlled by regulating the ad-
dition of limestone rich solids and providing sup-
plementary fuel to the combustor. Shale having an 
oil assay below the economic cut off grade for retort-
ing is an example of a possible fuel supplement. 

Regulated addition of calcium carbonate to the com-
bustor also ensures that there Is sufficient calcium in 
the heat carrier stream recycled to the retort to ab-
sorb sulfur compounds from the gases in the retort 
and for conversion to calcium hydroxide therein. The 
presence of sufficient calcium oxide or hydroxide in 
the heat carrier has been found to nearly eliminate 
the hydrogen sulfide, to markedly reduce the content 
of oxides of carbon in the retorting gas and generate 
heat by reaction with some species in the retort 
gases. 

Calcium silicates can be formed when materials con-
taining calcium carbonate, calcium oxide, free silica 
and various silicates are heated to temperatures above 
600° C for reaction times achieved in a fluidized bed 
combustor. The formation of calcium silicates partly 
offsets the endothermic heat of decomposition of the 
calcium carbonate which otherwise takes place. 
Therefore, control of combustion conditions to 
facilitate formation of silicates Is thermally benefi-
cial. Moreover, calcium silicates are environmentally 
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inert materials reducing constraints on the solids 
wastes disposal methods. 

The equipment preferred In the proposed process can 
be built in modular units and thus scale-up is 
facilitated. 

The process has been found to be particularly ap-
plicable to shales found In the Toolebuc Formation in 
Queensland, Australia to which Julia Creek shale is an 
example. These shales are specific in that they do 
not disintegrate upon retorting or combustion, and 
therefore they are suitable as a strong particulate 
heat carrier. The shales from the Toolebuc Forma-
tion contain large concentrations of silica and calcium 
carbonate when compared with most other shales. 

Figure 1 is a schematic illustration of one proposed 
manner of carrying out the invention. 

FIGURE 1

CSIRO/CSR OIL SHALE
RETORTING PROCESS 

K	
17 

7% 9 

Raw Julia Creek shale 1 having Fischer assay 70-
00 liter/tonne is fed from bin A to the rotary retort 
C together with particles of the heat carrier 2 at 
850 0 C from bin 3 in the mass ratio 1:1.8. The 
retort temperature is controlled at 480 0 C at its out-
let. Steam 3 purges the products of pyrolysis into 
the separator D. Spent shale solids S are separated 
from the gaseous and volatile products 4 and the 
solids and air 7 are transferred to the fluidized bed 
combustor F. 

The residual carbonaceous matter on the spent shale, 
representing about 40 percent of the amount entering 
the process in the raw shale, is burned with 
20 percent excess air which consists or two streams: 
air 7 carrying spent shale to the bed and air 6 
preheated in the heat exchanger 1 with flue gases 11 
fro ii the fluidized bed combustor F after separation

of fine carry-over particles 10 in the separators C 
and disposed as a waste 19 through bin Y. Sensible 
heat in the flue gases leaving the heat exchanger I is 
recovered in the waste heat boiler J. 

It is possible to control the temperature of the 
fluidized bed F at about 850 0 C by (i) variation of 
the flow of the two streams of air 6 and 7, (II) con-
trol of the average residence time of particles, and 
(iii) addition of extraneous fuel 8. The average con-
centration of carbonaceous matter in solids in the bed 
Is kept at a level of about one percent by weight. 
The stream of particles 12, free of excessive fines, is 
extracted from the bed F via bin K and transported 
as a mixture with steam 13. The larger portion of 
the solids recirculates as the heat carrier stream 2 
Into bin B, and the smaller part 15, about 75 percent 
of the total flow 14, is disposed of as a waste 18 
through bin H. Before disposal, the solids are cooled 
In a series of rotary coolers L, N fed through bins K, 
M generating steam 17. 

Depending on the degree of lime conversion in the 
bed F the excessive time in the waste solids stream 
15 may be reacted with a gas 16 rich In either 
carbon dioxide, or steam or both to contribute to the 
recovery of heat. The overall heat recovered from 
the waste solids is about 400 megajoules per ton of 
raw shale feed and compares well with about 
800 megajoules per tonne of heat recovered in the 
waste heat boiler J. The overall thermal efficiency 
of the process (including heat losses from equipment) 
exceeds 70 percent when no external heat source is 
used. Ninety-five percent of the carbonaceous matter 
entering	 the	 process	 is	 utilized	 and	 about
70 kilograms of raw shale oil per tonne of raw shale 
is produced. 

GASIFICATION OF EASTERN OIL SHALE IN 
FLUIDIZED BED REPORTED BY lOT 

The FIYTORT oil shale retorting process developed by 
the Institute of Gas Technology (IGT) requires particle 
sizes larger than three millimeters. However, a typi-
cal mining and crushing operation may produce 
20 percent fines (smaller than three millimeters). 
Therefore, lOT and 11 YC It JOE Corporation are inves-
tigating the potential for utilization of the fines in 
the IIYTi) ItT process. Gasification of shale fines to 
produce synthesis gas for making hydrogen has been 
identified as one potential method of improving 
resource utilization. 

Some results of this work were reported at the 1987 
Eastern Oil Shale Symposium held in Lexington, Ken-
tucky in November. 

Under the current program, lOT has determined the 
gasification characteristics of several Eastern shales 
in laboratory-scale batch and continuous tests. 
Fluidized-bed gasification tests were conducted in a 
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process development unit (P00) using steam and 
oxygen with the Indiana New Albany shale. 

The P1)0 system, used for shale gasification tests, has 
previously been used primarily for the study of steam-
oxygen gasification of coals in an ash-agglomerating 
fluidized bed. Detailed descriptions of the PDU in 
the coal configuration have been published. 

The operating conditions of 1,2500 K, three atmos-
phere pressure, and 30 minutes solids residence time 
were selected based on the results of laboratory-scale 
batch and continuous tests. The criterion for selec-
tion of the operating conditions was a desired overall 
carbon conversion of 95 percent. On the basis of 
thermobalance tests pressure was expected to have 
Little effect on conversion. 

Indiana New Albany oil shale was used In both PDU 
tests. Residue solids analyses show high conversions 
of all non-ash species and little change in particle 
size during gasification. 

During steady state, the average bed temperature was 
1,247 0 IC, and no residue agglomerates were formed. 
An eight-hour steady-state period was achieved, and 
the test was voluntarily terminated. Table 1 gives 
some of the results. 

The mole carbon-containing product gas species were 
carbon monoxide, carbon dioxide, and methane. 
Direct hydrogen production was achieved in these 
tests. Product gas contained about six mole percent 
hydrogen. Hydrogen plus carbon monoxide produced 
by steam-carbon gasification was about 11 mole per-
cent of the product gas. The yield of hydrogen plus 
carbon monoxide was about 109 cubic meters per ton 
of dry shale. Product gas contained about 1.5 mole 
percent of methane which corresponds to a methane 
yield of about 14.5 cubic meters per ton of dry shale. 
Higher hydrocarbons, observed as C+ compounds by 
gas chromatography, were 0.06 mole percent of the 
product gas. Methane and higher hydrocarbons 
produced were six percent and 1.4 percent, respec-
tively, of the feed carbon. 

Fines contained about five percent of the feed 
carbon, and residue solids contained about 6.5 percent 
of the feed carbon.	 The major sulfur-containing 
gasification product was hydrogen sulfide. Trace 
amounts of carbonyl sulfide were also detected. 
Fines contained 6.5 percent and residue solids con-
tained about 17.5 percent of the feed sulfur. Al-
though Stearn is converted in the reactor, the total 
amount of water collected downstraam of the gasifier 
Is higher than the steam fed. This Is because, In ad-
dition to the steam fed to the reactor, water is also 
produced in the reactor from shale moLsture and high-
temperature water. 

Oxygen was Led to provide process heat by combus-
tion. The molar reed oxygen to carbon ratio was 
about 0.72. The higher heating value of the product 
gas on a dry,	 nitrogen-free basis was about 
1,900 kilocalories per cubic eater. Removal of 
hydrogen sulfide as well as water and nitrogen from 
the product gas yields gas having a higher heating 
value of about 1,650 dlocalor[s per cubic meter.

Analysts of Results 

Reactions occurring In the fluidized bed PDU tests 
are assumed to be similar to those reported for coal 
and shale gasification with steam. The majority of 
carbon dioxide produced Is the result of carbon com-
bustion with feed oxygen. Carbon dioxide is also 
produced by the decomposition of mineral carbonate. 
Carbon monoxide production Is by the steam-carbon 
gasification reaction. Hydrogen is produced by the 
steam-carbon reaction and gasification of organic 
hydrogen. Some of the hydrogen is consumed in the 
formation of hydrocarbons and hydrogen sulfide, but 
on an overall basis, there is a net production of 
hydrogen.

TABLE 1 

STEAM/OXYGEN FLUIDIZED-BED PIll TESTS 

WITH INDIANA NV ALBANY SHALE 

Pressure, atm 3.06 
Bed Temperature, K 1247 
Freeboard Temperature, K 1155 
Shale Feed Rate, Kg/h 198.4 
Steam Feed Rate, Kg/h 3.62 
Oxygen Feed Rate, Kg/h 1.48 
Fines Rate, Kg/h 23.0 
Residue Solids Rate, Kg/h 139.5 
Product Gas Rate, Kg Mol/h 8.21 3 
Bed Density, Kg/rn 866 
Bed Height, m [.40 
Solids Residence Tine, min 32 
Inlet Superficial	 Velocity, m/s 1.46 
Product Gas Composition, ntl 96 

CO 4.7 
CO2 14.5 
U 2 5.8 
1120 53.7 
CU4 1.6 
CG 0.07 
N 2 17.5 
1125 2.1 

Product Gas [Lily , t kcal/m3 1970 
Product Carbon Distribution, % 

CX) 19.0 
CO2 58.5 
CU4 6.4 

1.7 
Fines 5.3 
Residue Solids 9.1 

Total 100.0 
Product Sulfur Distribution, % 

11 2 S" 72.7 
Fines 8.1 
Residue Solids 19.2 

Total 100.0

Dry, nitrogen-free 
** By difference 
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The results of the P00 tests show that 75 percent of 
the oxygen reacted with carbon to form carbon 
dioxide. The balance of the oxygen reacts with or-
ganic hydrogen to form water. About 76 percent of 
the total sulfur in the shale was converted to 
hydrogen sulfide. This reaction consumes about 
27 percent of the hydrogen produced by the steam-
carbon reaction and organic hydrogen gasification. 

Results from the P00 tests were used to estimate 
conversions and product gas composition for a concep-
tual commercial-scale, adiabatic, steam/oxygen, 
fluidized bed gasifier processing Indiana New Albany 
shale. Bed temperature (1,250 0 K) and pressure 
(three atmosphere) of the conceptual gasifier were as-
sumed to be the same as those in P00 tests. Shale 
residence time was raised to 60 minutes to give an 
overall carbon conversion of 95 percent. The concep-
tual design employs internal fines recycle, sensible 
heat recovery (exit streams cooled to 4350 K to heat 
inlet streams from 298°	 K), and inlet steam at 
423° K.

A summary of the experimental and calculated con-
version and product gas compositions Is presented in 
Table 2. Two separate cases were calculated. Con-
versions were determined at the average P00 condi-
tions and at the conceptual, commercial steam-oxygen 
gasifier conditions. 

The calculated hydrogen plus carbon monoxide yield of 
325 cubic meters per ton is more than three times 
the 106 to 112 cubic meters of hydrogen plus carbon 
monoxide per ton produced in the P013 tests. If 
20 percent of the mined shale is gasified, then the 
calculated value of hydrogen plus carbon monoxide 
produced by gasification would be sufficient to supply 
all of the hydrogen required in the HYTORT reactor 
to process the remaining 80 percent of the mined 
shale. 

TABLE 2 

COMPARISON OF EXPERIMENTAL AND CALCULATED 
CONVERSIONS AND rwnicr GAS COMPOSITIONS 

Calculated-
Calculated at Conceptual 
PDU Conditions Design 

Pressure,	 atm 3.07 3.07 
Bed Temperature, K 1255 1255 
Solids Residence Tine, min 30 60 
Feed Gas, moles/moles C 

11 20 1.788 0.305 
02 0.716 0.305 

Product Gas, nol 96 
03 5.9 35.0 
002 17.9 

-
9.6 

112 6.8 30.9 
1120 64.5 14.4 
C114 1.8 3.1 
C6 + 0.07 0.1 
N2 0.4 0.7 
1128 2.6 5.6 

Product 
?/Ton 

IIHV, kcal/m3 1930 2900 
03+112, m /Ton Dry Shale 107 325 
Carbon Conversion, % 

03 19.6 57.4 
60.0 30.2 

Cu4 6.0 6.0 
1.4 1.4 

Fines 4.8 0 
Residue 8.2 5.0 

Sulfur Conversion, % 
11 2 S 75.5 95.0 
Fines 8.5 0 
Residue 18.0 5.0 

Hydrogen Conversion, % 95.5 95.2 
Nitrogen Conversion, % 94.0 95.6
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MOBIL PATENTS SOLVENT RETORTING PROCESS 

United States Patent 4,698,149, "Enhanced Recovery 
of Hydrocarbonaceous Fluids Oil Shale" issued to 
T. 0. Mitchell and assigned to Mobil 011 Corporation, 
relates to a novel method for improving the recovery 
of hydrocarbon fluids from oil shale. The method 
comprises treating a mixture of oil shale and a 
hydrocarbon fluid at a temperature below the retort-
ing temperature of the shale. 

In the background discussion for the invention it is 
noted that while retorting Is the most common 
method utilized to recover hydrocarbon fluids from oil 
shale, it has several disadvantages, one of which Is 
that shale oil cracks to gas readily at conventional 
retorting conditions. 

Furthermore, retorting is not very successful on all 
types of oil shales. For example, eastern shales are 
known to contain an equal proportion of organic 
carbon as the western shales. However, upon retort-
ing, only about 30 percent of this carbon is converted 
to oil. This conversion is less than half of the con-
version achieved by retorting western shale. 

Several previous patents address the use of solvents 
when retorting oil shale, but the Mobil patent uses 
much milder process conditions. In the Mobil patent, 
a mixture of oil shale and a hydrocarbon fluid is 
brought to ii temperature below the retorting tem-
perature. The hydrocarbon fluids consist essentially 
of shale oil or petroleum or fractions thereof. The 
mixture Is maintained at a temperature In the range 
of about 300 0 C to about 450 0 C and substantially 
autogeneous pressure for a period of about 0.5 to 
about 30 minutes. When the added hydrocarbon fluid 
Is a hydrogen donor, the amount of fluid added does 
not exceed 25 weight percent of the shale to be 
treated. When the hydrocarbon fluid is not a good 
hydrogen donor, the amount of fluid added need not 
exceed 120 weight percent of the shale to be treated. 

Furthermore, high boiling point hydrocarbon fluids, 
having a bolting range greater than 330 0 C, are 
suitable. Subsequently the resulting oil Is recovered 
and separated from the host material. 

Specific Descriptions 

The ratio of added liquid hydrocarbon to shale 
depends on the type of shale being processed and on 
the liquid hydrocarbon utilized. 

Normally, the higher fractions of petroleum or shale 
oil, i.e. 625 0 F i-, are less desirable than lower frac-
tions. These higher fractions, however, are suitable 
for application in the present invention. 

The temperature should be below the retorting tem-
perature of the shale and accordingly should not be 
greater than about 450 0 C.	 The treatment can be 
carried out under initial ambient pressure. The 
treatment results In the recovery of hydrocarbon 
fluids from the shale in amounts greater than 
too percent of Fischer Assay, when carried out for a

duration in the range of 0.5 minutes to 30 minutes. 

As an example, Eastern shale samples from an out-
crop of the New Albany formation near Shepardsville, 
Sullitt County, Kentucky were used. This shale has a 
Fischer Assay of 17 gallons per ton. 

The oils utilized are listed In Table 1. The Paraho 
oils are cuts from a distillation procedure. The 
hydrogenated Paraho oil is the product of a shale oil 
dearsenatlon process wherein the oil was subjected to 
mild hydrotreatment with a conventional hydrotreating 
catalyst. Clarified slurry oil (CSO) was also utilized. 
A portion of the CSO was treated with conventional 
hydrotreating catalyst to produce the hydrogenated 
CSO. 

Stainless steel reactors were utilized, shaken in a 
fluidized sand bath. 

In experiments where 10 weight percent, based on to-
tal shale, of a 450 0 -850 0 F Paraho shale oil was 
added, more product oil was obtained at or below 
405 0 C than was obtained without the added oil. At 
higher severities (higher temperatures) less product oil 
was obtained than In runs without added oil. In fact, 
at 500 0 C. and 10 minutes, there was a negative 
product oil yield; that Is, less total oil was recovered 
than was obtained In the corresponding blank with no 
shale. Coking and cracking reactions consumed a 
weight of oil equal to all the product oil, some of 
which was certainly formed, plus more of the added 
oil than was consumed In the corresponding blank. 

When better hydrogen donors were used as added oils, 
higher product oil yields were obtained (Table 2). 
Hydrogenated Paraho oil, 850 0 F Paraho oil and 
clarified slurry oil (CSO) were equal to the 4500 
850 0 F Paraho oil as was pyrene which is a hydrogen 
transfer agent but not a net hydrogen donor. 
However,	 hydrogenated	 CSO	 and	 9,10-
dihydrophenanthrene,	 which Is known froni coal 
liquefaction work to be an excellent donor, were very 
effective.	 Product oil yields as high as 36.8 gallons 
per ton were achieved. 

It is important to note that this large yield enhance-
ment can be obtained under very mild conditions 
(Table 2). 

Table 3 shows the results of an experiment that gave 
almost complete conversion of a Green River shale 
(western shale) and an oil yield of 118 percent of 
Fischer Assay at 425 0 C for 15 minutes, and an oil 
to shale weight ratio of only 0.33:1. 

At very low severity there was essentially no heptane 
soluble product oil and a slight loss of heptane soluble 
added oil. With increasing severity, heptane soluble 
product oil increased, especially in the presence of 
added donors. At high severity, heptnne solubles 
decreased and again became negative in the presence 
of an added oil (Paraho 450 0 -840 0 F) that is not an 
excellent hydrogen donor. - It can be seen that the 
yield of heptane soluble product increased monotoni-
cally with kerogen conversion, except for the regres-
sive reactions at the highest temperature. 
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TABLE 1 

ADDED OILS USED IN MOBIL PWXESS

Full Range 
Hydro- Hydro-

450-850°F genated genated 
Paraho Paraho CSO CSO 

% C 84.47 84.55 88.27 89.61 
H 11.65 12,23 6.73 9.60 
N 1.90 1.71 0.09 0.03 
0 1.25 1.24 0.91 0.80 
S 0.83 0.27 5.27 0.90 
Basic N 1.24 1.18 0 0 
IBP°F 452 315 308 213 
saio 675 737 806 693 
FBP 854 1120 915 827 

TABLE 2

SOLVENT RUNS WITH K41JQCY OIL SHALE 

Hydrogenated 
Clarified Dihydro- hydrogenated 
Slurry phenan- Paratto Paratto 

Solvent Oil Oil threne Full Range 850+ 

Minutes 10 10 10 15 
Temperature,	 °C 405 405 405 425 
Kerogen Conversion, % 57.8 62.8 35.6 37.2 
Yield, Gallons/Ton 36.8 36.1 21.5 13.9

TABLE 3 

SOLVENT RLR4 WITh WESTERN SHALE
(Solvent = Hydrogenated Clarified

Slurry Oil) 

Shale 
Minutes 
Pressure (atm) 
Temperature, °C 
Gas 
Water 
Reptane Solubles 
Residue 
Total 
Gallons/Ton 
Loss 
Kerogen Conversion

Green River 
15.00 
1.0 

425.0 
0.47 
0.40 

13.81 
25.37 
40.05 
33.40 
0.02 

83.60 
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The pyridine soluble/heptane-insoluble product fraction 
oil decreased with Increasingly severity. Under mild 
conditions, the product was substantially polar, tunc-
tionalized material. Under severe conditions, regres-
sive reactions of product or added heptane solubles 
did not form heptane insoluble oil but formed mostly 
gas and some pyridine-insoluble residue. 

Gas yields increased with Increasing severity. The oil 
versus gas selectivity was constant at about nine 
weight percent oil yield per weight percent gas yield 
for any length of run at less than 425 0 C. For runs 
at 5000 C, gas yields Increased and oil yields 
decreased with time.

Hydrogen sulfide yields were typically less than 
0.5 weight percent of the shale. This is substantially 
less than the approximately one percent hydrogen sul-
fide produced from this shale in Fischer Assay. 
These results are consistent with the assumption that 
hydrogen sulfide is formed from the reaction of 
hydrocarbon with pyrite which reaction is favored by 
high temperature and the availability of easily 
donated hydrogen in the hydrocarbon. Maximal oil 
yields could be achieved at sufficiently low tempera-
tures and sufficiently low hydrogen availability, that 
hydrogen sulfide formation could be kept minimal. 
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INTERNATIONAL 

BRAZIL'S PETROBRAS/SIX OPENS PATENT EXHIBIT 
AND DEVELOPS NEW PROJECTS 

To celebrate its 33rd anniversary, the shale oil in-
dustrialization plant (Six) located In Parana state and 
owned by Petrobras has Inaugurated a permanent ex-
position of patents for processes and equipment 
developed by its engineers. 

Patents 

The following is a list of patents and applications for 
rights: 

- Process for extraction of oil, gas and 
byproducts from pyrobituminous shale - 
Petrosix Process. (P1 69422). 

- Discharging mechanism for aggregate flow 
control in treatment and conditioning vessels. 
(P1 69423). 

- Improved process for extraction of oil, gas 
and byproducts from pyrobituminous shale or 
other solid materials impregnated with 
hydrocarbons. (P1 7105857). 

- Antisegregatlonal mechanism for solid par-
ticles. (P1 1805842). 

- Mechanism for granulometric distribution of 
solid particles. (P1 9002400). 

- Mechanism for charging, discharging and seal-
ing vessels which operate with solids flowing 
by gravitation. (P1 8201725). 

- System for cooling, flushing, transport and 
disposal of processed solids and hydraulic seal-
ing of the bottom of vertical reactors.	 (P1 
8206171). 

- Improved mechanism for discharging solids and 
controlling their flow. (P1 8300425). 

- Process for retorting solids bearing hydrocar-
bons. (P1 8302810). 

- Cargo heating process for an Internal combus-
tion engine powered vehicle, as well as instal-
lation for execution of the process. 	 (P1 
8502105). 

- Process for water and solids separation from 
fuels,	 particularly from shale oil.	 (P1 
8504611).

Developing Oil Shale PinesPyrolysis Technology 

Six Is developing a spouted bed technology for oil 
shale fines pyrolysis. The spouted bed is a form of 
solid-gas contact which promotes a circular movement 
of particles Inside the bed. It is made up of two dis-
tinct regions: a central one, where particles are 
dragged by a gas Jet, forming the spout itself. The 
other region Is ring-shaped and surrounds the first, 
where particles move down In countercurrent flow 
with the gas. 

Six's work continues the basic studies Initiated by 
Ccnpes (Petrobras' research and development center) 
which researched the spouted bed for gasification and 
oil shale pyrolysis on bench units. The reactor has 
operated both autothermically, burning part of the or-
ganic matter in the reactor, and with an inert atmos-
phere, a condition in which all the pyrolysis heat Is 
supplied by the reactor wall. 

History of Spouted Bed 

The spouted bed was invented in Canada in the 
fifties. In the beginning, the technique was studied 
for drying of cereals. The spouted bed research is 
concentrated at universities such as the Federal 
Universities of Rio de Janeiro, Sao Paulo, UEM (at 
Maringa) and Sao Carlos (Sao Paulo). 

Following the first studies on drying, assessments 
began on the application of spouted beds for processes 
at high temperature such as gasification, combustion 
and pyrolysis of carbon materials like coal and oil 
shale. Cenpes was pioneer in these Investigations. 

In 1984, a round table was held with experts of the 
above universities to discuss the work of Petrobras. 
In 1985, tests were made on fines movement in OEM's 
semi-industrial soybean drying unit. In 1986, a basic 
project was designed for an industrial plant of fines 
pyrolysis in a spouted bed accompanied by a techno-
economic assessment. The good results at this re-
search stage have led to the erection of a pilot plant. 

Pilot Plant 

The fines pyrolysis pilot plant in a spouted bed has a 
30 centimeter diameter, two meters high stainless 
steel reactor with capacity to operate with three gas 
intake nozzles and two bed heights with a flow of 
150 kilograms per hour. Preoperation was set for Oc-
tober 1987. This plant aims at confirming the good 
results verified on the bench unit, and obtaining new 
Information about the process. 

A partially transparent vessel of the same size as the 
- Improved equipment and process for oil, gas	 pilot reactor assembled at Six is operating for cold 

and product extraction from pyrobituminous 	 assays.	 This vessel Is being used to observe and 
shale and other materials impregnated with	 quantify the performance of the spouted bed under 
hydrocarbons. (P1 8606369)4	 pilot plant conditions - except for temperature - in 

addition to personnel training. 
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STRUCTURE OF KEROGEN STUDIED IN COLORADO, 
YUGOSLAVIA, BRAZIL AND SCOTLAND SHALES 

At the American Chemical Society meeting in Denver 
last April, a paper from the University of Poitiers, 
France, the University of Belgrade and the Institute 
of Chemistry, Technology and Metallurgy, Yugoslavia 
discussed the characterization and classification of 
kerogens based on oxidation projects from multistep 
alkaline permanganate degradation. 

Elucidation of the structure of kerogen represents one 
of the most complex problems of oil shale chemistry. 
In this work, an oxidative degradation approach was 
selected for studying kerogen structure. This choice 
was aimed at maximizing the yields of identifiable 
degradation products with retained kerogen structural 
characteristics. The method of multistep oxidation 
with permanganate in alkaline solution was chosen be-
cause this method allows minimum exposure of the 
degradation products to the oxidant.

Oxidative degradation of the kerogens from four shale 
samples was compared in this paper: Green River 
shale from Colorado, Aleksinac shale from Yugoslavia, 
irati shale from Brazil and Pumpherston shale from 
Scotland. In each case, demineralization of the 
ground shale yielded the corresponding kerogen con-
centrate, which then was degraded. 

The elemental compositions of the kerogens in the 
kerogen concentrates are given in Table 1. 

All four kerogens were of Type 1. The first three 
kerogens were immature, having vitrinite reflectances 
of 0.3 percent, 0.3 percent and ca. 0.4-0.5 percent, 
respectively. The Pumplierston kerogen was of some-
what higher maturity, its vitrinite reflectance being 
0.59 percent.	 High total yields of oxidized products 
were obtained, as shown in Table 2. 

Detailed GC and GC-MS analyses of the oxidation 
products from the kerogens and precipitated acids 

TABLE 1

ORGANIC COMPOSITION OF THE KERIX]fliS IN THE KEROGEN CONCENTRATES 

Green River Aleksinac irati Punpherston 
Shale Shale Shale Shale 

% C 77.39 71.87 78.83 75.70 
% II 10.26 8.73 9.47 10.37 
% N 3.10 3.21 3.92 4.18 
% OtS	 (Diff.) 9.25 16.19 7.78 9.75 
H/C 1.59 1.46 1.44 1.64 
0/C 0.09 0.17 0.07 0.10 
% Kerogen in 49.61 65.57 51.49 81.98 

Concentrate

TABLE 2

YIELDS OF PRODUCTS 

Total	 Yields, % Relative to Kerogen 
Ether- Precipi- Acids, 

Degradation Neutrals Soluble tated Aqueous Total 
of Kerogens + Bases Acids Acids Solutions Yield 

Green River 0.86 24.32 51.20 8.12 84.50 
Aleksinac 1.00 27.97 45.57 18.30 92.84 
Irati 1.69 47.85 31.38 8.34 89.26 
Punpherston 3.73 35.94 22.14 3.33 65.14
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enabled the identification of all of the major products 
as the individual compounds. The proportions of the 
various identified acids were estimated, based on the 
results of the CC and GC-MS analyses. The quantita-
tive results revealed substantial differences among the 
oxidation products derived from the different kerogens 
(Table 3). 

Presuming that the oxidation products reflected struc-
tural differences between the kerogens, it was 
believed that the quantity and precise nature of the 
products obtained under identical experimental condi-
tions might serve as the basis for classification of the 
kerogens. Considering saturated unbranched acids and 
Isoprenoid acids as oxidation products from aliphatic-
type structures, aromatic acids as products from 
aromatic structures,	 and alkane UI- and tetra-



carboxylic acids as possible oxidation products from 
alicyctic- and heterocyclic-type structures, led to 
placing the data of Table 3 into the triangular 
diagram shown in Figure 1. 

For comparison, Figure 1 also contains data for the 
kerogens from the Toarcian shale, Paris Basin (Type II 
kerogen) and the Mannville shale, Canada (Type Ill 
kerogen) which, along with the Type I Green River 
kerogen, were studied by the same authors earlier.

On the triangular diagram the difference between 
Type Ill kerogen and Types I and II kerogen Is clearly 
expressed, while the structural distinctions between 
Type 1 and Type II kerogens are less pronounced. 

The four Type I kerogens demonstrated remarkable 
structural variations. The different locations in the 
diagram resulting from differences in the proportions 
of the various types of oxidation products reflect 
structural differences among the kerogens. Several 
other observations provided a basis for further struc-
tural differentiations: e.g., differences in the total 
product yields obtained from degradation of the 
kerogens or precipitated acids, including the yields of 
non-degraded residues; differences in the ratio of 
ether-soluble versus precipitated acids; diverse abun-
dances of various types of acids; and the changes in 
the composition of the oxidation products obtained at 
different points throughout the degradation procedure. 

The researchers conclude that the classification of 
kerogens, based on the products of oxidation under 
standard conditions, seems to offer more precise 
structural differentiation than classification on the 
basis of H/C - 0/C ratios only. 

TABLE 3 

COMPOSITION OF OXIDATION PRODUCTS 

% Relative to Total Oxidation Product 
Green River Aleksinac lrati Puzpherston 

Aliphatic Acids Shale Shale Shale Shale 

n-Monocarboxytic 27.64 18.80 56.81 54.32 
a,w-Dicarboxylic 58.06 55.77 21.04 36.75 
Moaocarboxyllc, br. - - 0.02 0.10 
Dicarboxylic,	 br. 0.04 - - - 
Isoprenold 1.95 0.68 5.74 - 

Alkane 
Tricarboxylic 5.26 6.05 5.26 1.37 
Tricarboxylic,	 br. 0.10 - - - 
Tetracarboxylic 4.08 10.77 - 3.67 

Aromatic Acids 2.87 7.93 11.13 3.79
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The obtained results were incorporated Into a general 
multiple reaction kinetic model, previously developed 
for the simulation of Alekslaac oil shale pyrolysis. 

Investigations were performed using the following 
samples: 

- Kajazevac oil shale from Yugoslavia (denoted 
as sample K), oil shale from Northern Korea 
(sample KOR) and oil shale from USSR-Estonia 
(sample E). 

- Bitumen extracted by toluene from oil shale 
after thermal treatment at 773 K (samples 
KOR-B-773, E-B-773). 

- Residue of thermally treated oil shale after 
bitumen extraction (samples KO[t-773, E-773). 

- Bitumen originally present in oil shale, ex-
tracted by toluene (samples K-B, C-B, KOR-
B). 

- Kerogen concentrate of the oil shale K 
(sample K-K). 

The compositions of the oil shales are given in 
Table 1.

TABLE 1

anPOSITI4s OF OIL SHALES STUDIED 

PYROLYSIS KINETICS FOR YUGOSLAVIA, NORTH 
KOREA AND ESTONIA SHALES DETERMINED 

At the Ninth International Congress of Chemical En-
gineering, held in Praha, Czechoslovakia, in Septem- 
ber, 1987 a paper from the University of Belgrade, 
Yugoslavia and the German Institute for Petroleum 
Research, Federal Republic of Germany, explored the 
kinetics and mechanism of oil shale pyrolysis. 

Oil shales originating from Yugoslavia (Knjazevac), 
Northern Korea and the USSR (Estonia), were inves-
tigated under nonisothermal conditions. The oil shale 
pyrolysis rates were measured using thermogravimetry 
(TG) and differential scanning calorimetry (DSC). The 
kinetic parameters were determined using a single 
first order reaction for a global representation of the 
complex pyrolysis process. For the determination of 
the kinetic parameters, the integral method was used 
for TG derived data, and the maximum rate method 
for DSC derived data. Additional kinetic Investiga-
tions were performed on samples obtained from each 
oil shale by chemical and thermal treatment.

Sample Yugoslavia Korea Estonia 

Minerals, %'itass 93.2 58.6 53.5 
Total Organic 

Material, 9lMass 6.8 41.4 46.5 
Kerogen, fllass 6.3 39.8 45.5 
Bitumen, 'ithlass 0.5 1.6 1.0

It was found that in the case of oil shale K, the as-
sumption of first order reaction holds in a wide tem-
perature and conversion region, while in the case of 
the other two oil shale samples (KOR and E), this as-
sumption is valid only in an interval of about 100 °K, 
where 70-83 percent of the total conversion observed 
in the region 573-873 K, takes place. 

Thermally generated bitumen samples were charac-
terized by wide temperature regions at the higher 
heating rates, and two separate temperature regions 
at the lower heating rates. Similar behavior of 
bitumen samples was observed In earlier studies in the 
case of Alekslnac (Yugoslavia) oil shale. 

The kinetic parameters derived from ther 
mnogravlmetrlc analysis at a heating rate of 10 0 K per 
minute are shown in Table 2. 
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TABLE 2 

KINETIC PARAMETERS DERIVED E 
ThE1AY IMFFRIC ANALYSIS 
(Heating Rate 10°K/Minute) 

Activation Frequency 
Energy Fact1r 

Sample kJ/mol mm 

10 10 
K 93.6 1.71x105 
K-B 78.9 2.04x104 
K-K 48.0 40.6 
KOR 125.1 7.54x107 
KOR-B-773 31.8 8.13 
KOR-773 114.1 1.04x107 
E 154.2 4.48x1010 
E-B-773 37.9 33.0 
E-773 137.2 1.70x109 

The highest activation energy values, obtained for 
sample E, are accompanied by the highest values for 
E-773 sample. The activation energies of bitumen 
pyrolysis appear much lower than values obtained for 
corresponding oil shales, as previously observed in the 
case of Aleksinac oil shale. 

The authors attempted to construct a	 multiple	 reac-
tion scheme to	 represent the	 data and to develop a 
mathematical model	 suitable	 for advanced	 process 
simulation. Their	 results are shown in	 Figures	 1,	 2 
and 3. 

The	 good agreement	 of experimental	 and simulated 
TO	 curves In	 the	 case of	 the	 Yugoslavia oil	 shale, 
and	 the moderate differences between the curves	 in 
the	 case of	 the	 Korea oil	 shale,	 indicate the	 model 
relevancy for	 mass	 loss during pyrolysis of these	 oil 
shales.

However, according to the authors, the poor simula-
tion in the case of Estonian oil shale, shows that the 
model is inappropriate for all oil shale types. The 
Knjazevac oil shale is characterized by a relatively 
high bitumen content (seven percent of the organic 
part), as well as somewhat unusual behavior during 
pyrolysis. Most of the organic material is pyrolyzed 
at temperatures near and above 773 K, while in the 
case of the other oil shales most of the material is 
pyrolyzed in the temperature interval 673-773 K. 
Obviously, the particular effects connected with this 
kind of pyrolysis are not properly taken into account 
by their model.

FIGURE 1 
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FIGURE 3 
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SOLID PHASE ANALYTICAL TECHNIQUES 
DEVELOPED FOR BRAZILIAN OIL SHALES 

Determi-ting the solid structure of the kerogen in oil 
shale is an extremely difficult problem in analytical 
chemistry. Some new approaches being used In the 
study of Brazilian oil shales were discussed by C. 
Costa Neto of the Instituto de Quirnica, Universidade 
Federal do Rio do Janeiro at the American Chemical 
Society meeting in Denver last April. 

Costa Noto points out that oil shales can be defined 
as "an intimate and apparently disorganized mixture 
of substances, among the most complex known (both 
the substances and the mixtures). They are, on one 
hand, made from an organic matter phase originating 
from the substance of different living organisms. 
They are a mixture of the remains of many different 
species, genus, families and even kingdoms--plants and 
urinals (many more plants than animals), that over 
millions of years underwent unknown processes of 
transformation, following pathways determined by 
varying environmental conditions of temperature, pres-
sure, catalysis etc. On the other hand, the inorganic 
phase of oil shales is mainly constituted of clays 
(clays constitute a very complex class of Inorganic 
matter) and carbonates, containing sometimes pyrite 
and other minerals, all intimately mixed with the or-
ganic phase, probably participating In or promoting 
the transformations of the organic matter."

In order to reach a chemical structure of oil shales, 
he states that four distinct levels of chemical infor-
mation are needed: 

1. The elementary composition - This is the simplest 
level and tells only which chemical elements (major 
and minor constituents) are present In oil shales and 
their proportion. This kind of knowledge is available 
for the majority of the oil shales known. 

2. The chemical functionatitles, that is, the connec-
tive arrangements of elements in small groups giving 
rise to characteristic "functions" (chemical or 
physical). They constitute the Functional Groups. In-
formation In the literature Is scarce about methods 
and results for determining functional groups directly 
on oil shales (bitumens and kerogens). 

3. The molecular composition: A further degree of 
connectivities among chemical elements defines 
molecules (minerals are to be considered as 
molecules). Characterization of the molecules present 
In oil shales Is one of the most active areas of re-
search in the chemistry of oil shales. The advent of 
capillary CC/MS/computing systems has allowed tile 
characterization of hundreds of molecules of varying 
complexity from simple linear saturated hydrocarbons 
to highly complex substituted polyterpenoid skeletons. 

The ultimate structure will be reached with the 
knowledge of 

4. The geochemical arrangement of the atoms--or 
more precisely of functional groups and molecules--In 
the rock, i.e., the relative position of the chemical 
species in the three dimensional network of the solid 
phase. Information at this level is curnntly almost 
non-existent for oil shales. 

Costa Neto's paper was directed at a strategy for 
determining chemical functionalitles in oil shales 
based on the use of solid reagents. 

The Solid Phase Approach 

In a first approximation, oil shams can be considered 
to be formed of: 

- An organic phase soluble in organic solvents: 
the (natural) bitumen 

- A second organic phase, Insoluble in organic 
solvents: the kerogen 

- A mineral aggregate, composed mainly of 
clays and carbonates and other minerals In 
minor amounts 

The phases coexist in an extremely high degree of in-
timacy in oil shales. 

The standard procedure to separate them Is to use 
solvent extraction of bitumens followed by the digest-
ion of the inorganic matrix of the residue leaving the 
kerogen unattacked. 
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In the new approach, the determination of the organic 
functionalities of bitumens and kerogens in oil shales 
has been approached by using chemical methods in 
which one solid phase is always involved. The Solid 
Phase Approach to the analysis of complex mixtures 
comprises three main methods: 

1. The Solid Phase Functional Group Analysis 
Method: used for the analysis (qualitative and 
quantitative) of soluble compounds (bitumens and tars); 
is based on colored products formed by chromogenic 
reactions of specific functional group reagents bound 
to the surface of a solid matrix, with the correspond-
lag groups of the substrate. 

2. The Solid Phase Extraction Method: used for 
separating a complex mixture Into fractions containing 
a specific functional group. It is based on the reac-
tion (reversible) of a solid phase functional group 
reagent with the corresponding compounds in a sub-
strate. 

3. The Functional Group Marker Method: , used for 
the functional analysis (qualitative and quantitative) of 
solid substrates (icerogen); is based on the amount of 
a marker incorporated in the solid phase by means of 
reaction with marked specific functional reagents 
(soluble). 

Costa Neto presents a tabulation of the advantages 
and disadvantages of these methods and concludes 
that they are useful in the determination of chemical 
fun ctiona tities. 

ELECTROLYTIC OXIDATION AND ULTRASONIC 
ENERGY USED TO DISSOCIATE STUART OIL SHALE 

Work carried out by A. S. Lee and T. P. Yen at the 
University of Southern California and reported to the 
American Chemical Society Symposium on Advances in 
Oil Shale Technology held in Denver, Colorado last 
spring has involved oil shale from the Stuart deposit 
in Queensland, Australia. 

This oil shale is high in noisture and usually as-
sociated with silt- and clay-sized silica and silicate 
minerals.	 Clay minerals are dominant in smectite 
(montmorillonite) and illite, 	 although quartz and 
opaline silica are present. Xaoliaite, calcite and 
trace amounts of albite, feldspar, pyrite and anatase 
occur as accessory minerals. 

In an alkaline aqueous environment, water and ex-
changeable cations can swell the montmorillonite layer 
structure and help the hydroxyl ion neutralize the 
acidic mineral layer and organic complex surfaces. 
This results in a dissociation of clay mineral and In-
terlamellar organic complexes. The reaction is ex-
tremely slow. Yen and Lee have attempted to speed 
up the reaction with ultrasonic energy.

Montmorillonite is only one of the major clay 
minerals in the Stuart oil shale. Illite and other 
minerals may be integrated with the organic matter 
in different forms. Therefore, electrolysis is an addi-
tional force to oxidize portions of these minerals to a 
colloidal (gel) form which can be released from the 
mineral matrix and suspended In solution. 

The researchers therefore used electrolysis on the 
Stuart oil shale in an alkaline environment subjected 
simultaneously to ultrasonic radiation. 

Mineral and Organic Characteristics of the Stuart Oil 
Shale 

The Stuart oil shale sample was found to contain ap-
proximately 19.4 percent (by weight) organic matter, 
6.6 percent moisture, 3.3 percent combined 'water and 
70.7 percent ash. Analysis of the ash showed that 
major metal elements are Si (65.9 percent by weight), 
Al (14.1 percent) and Fe (8.3 percent) associating with 
minor element., (less than five percent) such as Mg, 
K, Ca, TI and trace amounts of sodium. 

An x-ray powder spectrum of the Stuart oil shale 
shows mainly clay minerals although quartz Is present. 
Clay minerals are dominant (more than 30 percent) in 
smectite (montmorillonite) and illite. The accessory 
minerals (5-20 percent) include kaollnite and calcite. 
Small amounts (less than five percent) of albite, 
feldspar, pyrite and anatasc were also found. 

The soluble organic matter (bitumen) is about 
0.07 percent by weight of the total oil shale deter-
mined by Soxhlet extraction method. 	 The insoluble 
organic portion (kerogen) is approximately 
19.0 percent obtained from the acid destruction of 
the mineral phase. This showed good agreement with 
the ashing method. 

The elemental analysis of kerogen shows 71.5 percent 
(by weight) organic carbon, 8.7 percent hydrogen, 
11.3 percent oxygen, 3.0 percent sulfur, 1.4 percent 
nitrogen and 3.3 percent ash. The fl/C (hydrogen to 
carbon ratio) is 1.460 and 0/C (oxygen to carbon 
ratio) is 0.118. This places the Stuart kerogen be-
tween Type I and ii in the Van lirevelen diagram. 

Dissociation Phenomena 

It was found that 44-50 percent of the Stuart oil 
shale was dissociable by using electrolytic oxidation 
and ultrasonic radiation simultaneously in alkaline 
aqueous solution. The residual oil shale only contains 
about 15 percent organic flatter and the acidified 
precipitate	 from	 the	 solution	 contains	 about
22 percent organic matter. This shows clearly an en-
richment of organic matter in the solution. A certain 
amount of the dissociable organic matter was oxidized 
to carboxylic acids as Indicated by the gas 
chromatogram after esterification of the material. 

The physical evidence showed that major portions of 
montmorillonite and some other clay minerals were 
dissociated from the mineral matrix. This results in 
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a liberation of organic matter from the shale matrix 
as well as opening channels for other active species, 
such as ions, radicals, other organic reagents to react 
on the newly explored surfaces. This increases the 
dissociation of organic matter. Electrolytic oxidation 
was shown to oxidize part of the insoluble mineral to 
colloidal (or gel) form. The increase of calcite in the 
acidified precipitate Is good evidence. The other 
major function of electrolytic oxidation is to oxidize 
the kerogen material and it has shown an enrichment 
of organic matter in the solution.

The authors conclude that th dissociation phenomena 
are significant. Very likely, they will lead to a new 
technology for processing the organic matter as well 
as the mineral aggregates. 
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ENVIRONMENT 

DEPARTMENT OF THE INTERIOR DETERMINES 
TOAD-FLAX CRESS TO BE ENDANGERED SPECIES 

In a development of significance to future oil shale 
development in Utah, the United States Department 
of the Interior has determined Glaucocarpum suf-
frutescens (toad-flax cress) to be an endangered plant 
species under the Endangered Species Act of 1973. 
See the Pace Synthetic Fuels Report, March, 1086, 
page 2-37 for previous article. 

The adoption of the final rule was published in the 
Federal Register on Tuesday, October 6, 1987. A 
proposal to designate critical habitat for this species 
was withdrawn. 

The toad-flax cress is endemic in the Uinta Basin of 
northeastern Utah on shale barrens of the Green 
River Formation, in or adjacent to the Hill Creek 
drainage in southern Uintah County, and at the base 
of the Badlnnd Cliffs in adjacent Duchesne County. 
The nine known populations of the species total about 
3,000 individuals and have experienced a range and 
population decline since its discovery 50 years ago. 
The reasons for the decline are not fully understood, 
and may be due t9 habitat alteration, possibly from 
building stone removal, localized historic overgrazing 
and oil and gas develooment. oil. gas, and oil shale 
development enuld sig.iificantly jeopardize the species 
in the future. 

Background 

The toad-flax cress is a member of the mustard 
family; it is a perennial herb from a deep woody root 
and forms a clump of several slender simple stems, 
with elongated loose inflorescence and yellow flowers. 

Glaucocarpurn suffrutescens is limited to the Green 
River Formation in the Uinta Basin of eastern Utah. 
It survives with a few other species primarily on one 
calcareous shale stratum strongly resistant to erosion. 
The habitat of this plant Is disjunct knolls and 
benches resembling small extremely dry desert islands 
surrounded by sagebrush or pinyon-juniper woodland. 

Glaucocarpuin occurs in two main population groups 
near each other in Uintah County. One group is cen-
tered in the Gray Knolls between the Green River 
and lull Creek, with 800-1,000 plants in three popula-
tions. The other group is centered on Little Pack 
Mountain and along the flanks of Big Pack Mountain 
between iuiili Creelc and Willow Creek, with about 
2,000 individuals in five populations. 	 A small third
population center, about 20 miles to the west in 
Duchesne County, has 107 known plants. The in-
dividual populations range in size from three to per-
haps 1,000 plants. Most of the populations occur on 
federal land under the jurisdiction of the Bureau of 
Land Management (BLM) and tue Department of 
Energy (DOE) and on Indian land under the jurisdiction 
of the Bureau of Indian Affairs (BiA) and the Ute in-
dian tribe.

The toad-flax cress habitat is underlain by oil shale 
deposits. Building stone collecting may have sig-
nificantly altered the habitat of the species and 
decreased its range and population.	 Historic heavy
grazing may also have had an impact on some of the 
species' populations. Oil shale and oil and gas 
development without adequate provision for the 
species could destroy it in the future. 

Summary of Comments 

A public hearing was held on November 21, 1985, In 
Vernal, Utah. Four comments, one from the BLM, 
one from the Utah State University Cooperative Ex-
tension Service (UShJ Extension Service), one from the 
Uinta Basin Association of Governments, and one from 
the agent of the private landowner whose property 
had been proposed as critical habitat, stated that the 
Service has not proven that grazing and building stone 
removal have caused the decline in the range and 
abundance of Glaucocarpum suffrutescens. 

The population along the east flank of Big Pack 
Mountain harbored in excess of 3,000 individuals in 
1935. This population now comprises fewer than 
1,000 individuals. The Service, in an effort to deter-
mine what factors may have caused such a population 
decline, looked for human-induced changes in the 
habitat of Glaucocarpum since the first observation of 
the species 50 years ago. Heavy grazing and removal 
of the surface stone peculiar to the calcareous out-
crops to which Glaucocarpum is endemic occurred 
concurrently with the decline of the species. 

Three comments, one from the BLM, one from the 
USLJ Extension Service and one from the private land-
owner stated that listing of Glaucocarpum suffrutes-
cens should be deferred until the reasons causing the 
decline of the species are known. 

Given the rarity of Glaucocarpum suffrutescens, its 
consequent vulnerability to even trivial disturbance of 
its habitat, and the potential for the habitat distur-
bance, the Fish and Wildlife Service believes it is ap-
propriate to protect Glaucocarpum suffrutescens under 
the Endangered Species Act despite uncertainty as to 
the reasons for its decline. 

Two comments, one from the BLM and one from the 
private landowner, stated that oil and gas and oil 
shale development are not likely to be threats to 
Glaucocarpum suffrutescens under current energy 
market conditions. The Service acknowledges that 
fact. The future development of oil and gas and oil 
shale energy resources on the habitat of Glaucocar-
purn  however, does remain a potential 
threat to the species and Its habitat. Recently por-
tions of two populations of Glaucocarpum have been 
lost directly to energy development activity. Private 
land on which the species occurs was patented from 
the public domain to private ownership because of its 
oil shale value; other land supporting the species was 
set aside as a portion of the DOE's Naval Oil Shale 
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Reserve No. H; and the entire area of the population 
under federal Jurisdiction is under executive 
withdrawal for mineral entry because of its oil shale 
value. The Service continues to believe that some 
potential for oil, gas, and shale development exists 
and that this potential is properly considered as a 
contributing basis for listing the species. 

Six written comments and eight oral comments from 
the public hearing--one from the private landowner, 
three from regional economic development agencies, 
eight from private individuals, one from a county 
commissioner, and one from a livestock production 
group —stated that listing Glaucocarpum suffrutescens 
would adversely affect economic development of 
energy resources in Duchesne and Ulntah Counties, 
Utah. The Service is confident that the species can 
be conserved and that energy development with proper 
safeguards for the species may also take place. 

Four written comments--two from conservation or-
ganizations, one from a professional botanist, and one 
from a private citizen —supported the proposal of en-
dangered status. 

Three comments —one from the State of Utah, one 
from a conservation organization and one from a 
private citizen —were in general agreement with the 
Service's position in the proposed rule. 

Summary of Factors Affecting the Specie 

Removal of building stone and localized heavy grazing 
In a portion of the species' range are possible factors 
that may have contributed to the extirpation of this 
population. Current livestock grazing, as now 
managed by the BLM in the habitat area of 
Glaucocarpum suffrutescens, is not expected to ad-
versely affect the species. Any grazing threat would 
be a consequence of localized uncontrolled use by in-
sects, rodents, rabbits, and wild horses. 

The entire range of this monotypic genus is underlain 
by oil shale, which may be mined when economic 
conditions favor it, and by conventional oil and gas 
deposits that have begun to be developed. The 
largest population is partly on Naval Oil Shale 
Reserve No. II of the DOE, and partly on the Uintah 
and Ouray Indian Reservation, which is held In trust 
by the United States Department of the Interior for 
the IJte Indian tribe. The other four populations with 
70 or more plants are partly under BLM, private, 
State or Indian tribal management, while the three 
smallest populations are solely managed by one of the 
above entities. Portions of the species habitat are 
also now under lease by an oil shale development 
company. 

The estimated total number of individuals of toad-flax 
cress that currently exist is fewer than 3,000. Only 
five of the nine populations consist of 170 individuals 
or more, and three consist of fewer than 30 plants 
each. Only the largest populations may have suffi-
cient genetic variability to provide for long-term 
adaptation to natural changes in environmental condi-
tions.

The Service assessed the best Information available 
regarding the past, present, and future threats faced 
by this species and decided that the preferred action 
Is to list Glaucocarpum suffrutescens as endangered. 

Section 4 (a) (3) of the Act requires that critical 
habitat be designated to the maximum extent prudent 
and determinable concurrently with the determination 
that a species is endangered or threatened. Critical 
habitat was proposed to be designated for Glaucocar-
Pura  However, the Service no longer 
believes such designation would be prudent, because 
designating narrow areas surrounding individual local 
populations of the species could expose these popula-
tions to a significant risk of vandalism. 

WASTE WATERS FROM OIL SHALE BENEFICIATION 
PROCESS CHARACTERIZED 

Work at the Mineral Resources Institute (M RI) of the 
University of Alabama has involved the development 
of beneficiation processes for Eastern oil shale, and 
characterizing the environmental impacts of the 
processes (see Pace Synthetic Fuels Report, June, 
1987, page 2-35). A paper presented at the 1987 
Eastern Oil Shale Symposium held in Lexington, Ken-
tucky In November, summarized the waste water con-
siderations. 

The effect of ultrafine grinding on the oil yield of 
the flotation concentration of Alabama oil shale is 
given In Table 1. As the particle size decreases, the 
Fischer Assay oil yield of the flotation concentrate 
increases. By grinding below 10 microns, the oil yield 
of the flotation concentrate increases from 12 gallons 
per ton to 37 gallons per ton. Wet grinding below 
10 microns size liberates mineral matters from 
kerogen but also releases substantial quantities of 
soluble species Into the process water. Because of 
stringent federal and state regulations, the process 
water cannot be discarded without treatment. 

TABLE 

THE EFFECT OF UL1RAFINE GRINDING a THE 
OIL YIELD OF ALABAMA OIL SHALE 

Oil Yield Oil Recovery 
Feed Size Gal/Ton	 Percent 

Minus 10 Micron 37 87 
Minus 20 Micron 26 95 
Minus 38 Micron 21 95 
Minus 74 Micron 13 98 
10 Mesh Feed 12 --
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In addition to flotation process water, substantial 
amounts of water will be generated from the natural 
leaching of discarded mine overburden, flotation tail-
ings, and retorted spent shale. 

The objective of the current Mineral Resources In-
stitute environmental research program Is to: 

- Identify the major and minor dissolved species 
released into the process water during ultra 
fine grinding and flotation. 

- Evaluate the effect of soluble species on the 
process performance. 

- Remove the dissolved species from the process 
water using selected physico-chemical 
processes. 

The oil shale used in this investigation was obtained 
from Madison County, Alabama. Experiments were 
conducted in a closed loop test to determine the ef-
fect of recycled process water on flotation. 

Process Water From Grinding 

Quantities of major dissolved species released into the 
process water during ultrafLne grinding are given in 
Table 2.

TABLE 2 

PROCESS WATER ANALYSIS GENERATED
IIJRIPC THE ULTRAPINE (ahirei?C 

OF OIL SHALE
Particle Size: 9096 Minus 10 Micron 

Dissolved	 Concentration, 
Species

BU) 1.08 
COD 73 
ThS 1384 
SO4 515 
NO 3 2.2 
PO4 73 

Oil & Grease 5.3 
Phenols 0.4 
Ca 336 
Co 2 
Fe 2 
K 90 
Mg 140 
Mn 24 
Na 18 
Ni 30 
P 72 
Si 10 
U 37 
Zn 2

Analysis of the raw oil shale showed the presence of 
7.8 percent total sulfur with about five percent being 
pyritic sulfur. It can be expected that the sulfate 
formed In the process water is from pyritic sulfur. 
On a stoichiometric molar basis, it can be shown that 
the iron concentration in solution should be at least 
one fourth of the sulfate concentration. The presence 
of 515 ppm of the sulfate in the grind water cor-
responds to 125 ppm of dissolved iron. On the con-
trary, the total iron concentration was only two ppm. 

The p1l of the process water was in the range of 5.5 
to 5.8. At that pH, It is believed that Iron would 
precipitate from the solution and consequently the 
concentration of dissolved iron in the process water 
would be significantly low. 

In order to test this concept, an oil shale siimple was 
ground and conditioned at different pH values con-
trolled by hydrochloric acid addition. The concentra-
tion of the dissolved iron released from the ground 
pulp is given In Figure 1. As the pH increases, the 
precipitation of ferric hydroxide increases and the 
free Iron concentration in the process water 
decreases. The apparent low iron concentration In 
the oil shale process water was due to the precipita-
tion of ferric hydroxide during grinding. 

Recycled Process Water 

To establish the effect of recycled process water on 
grinding and flotation, locked cycle tests were con- 
ducted. Five batches of raw oil shale were processed 
by grinding and flotation using the recycled water col-
lected from the preceding tests. 

FIGURE 1 

SOLUBILITY OF IRON IN 
GRINDING PROCESS WATER 
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The coefficient of separation is a parameter which 
can be used to describe both the grade and recovery 
in a flotation system. The coefficient of separation 
ranges from zero (no separation) to unity (ideal 
separation). 

The coefficient of separation was calculated for each 
flotation test using the organic carbon content of the 
products. The effects of recycled process water on 
the coefficient of separation are given in Figure 2. 
The recycled process water seems to have a positive 
effect on the separation efficiency. 

FIGURE 2 

EFFECT OF RECYCLE FLOTATION ON 
THE COEFFICIENT OF SEPARATION

TABLE 3 

DISSOLVED SPECIES IN TAILIIC SANDS 

Dissolved Process First Second 
Species Water Wash Wash 

Ca 31 24 15 
Co 0.2 0.1 0.1 
Fe 0.1 0.2 0.2 
K 8 6 5 
Mg 13 11 9 
Mn 2.1 2 1 
Na 1.8 9 4 
Ni 3 1 0.5 
Zn 0.1 0.03 0.02 

TABLE 4 

0431 
r	 I 
1	 I 

'a	 I 
In	 I 
-	 I 
0 0A9 

L	 I o	 I 
0.471 

o	 1 o	 I
2	 3	 4 

NUMBER OF CYCLES 

Water from Tailings Disposal 

One of the major concerns during oil shale beneficia-
tion Is the disposal of tailing sand. To determine the 
amount of dissolved species remaining In the tailing 
sands after flotation, the laboratory flotation waste 
tailings were subjected to a counter current wash 
with fresh water. The tailings were washed twice. 
The filtrate from each wash was analyzed and com-
pared to the analysis of the process water generated 
from the previous laboratory flotation tests. Results 
are given in Table 3. Each wash decreased the con-
centrations of dissolved species. Mill concludes that 
counter current washing can remove the soluble 
species from the flotation tailings. 

Comparison of Process Water with Specifications 

In Table 4, the elemental composition of the recycle 
process water was compared with the published 
specifications of the Resource Conservation and 
Recovery Act (RCRA) as well as the Maximum Con-
taminant Levels for Public Drinking Water Supplies 
published by the Alabama Department of Environmen-
tal Management (ADEM).

COMPARI SON OF PROCESS WATER WITH THE 
RtZA AND ADM SPECIFICATIONS

Recycled 
Elements	 RCRA	 ADThI	 Process Water 

Arsenic 5 0.05 <0.05 
Barium 100 1 <0.05 
Cadmium 1.0 0.01 <0.05 
Chromium 5 0.05 <0.10 
Chloride 250 3 3.5 
Copper -- 1 0.30 
Cyanide -- 0.2 - -
Iron -- 0.03 0.26 
Lead 5 0.05 (0.10 
Manganese -- 0.05 3.9 
Mercury 0.2 0.002 N/D 
Nitrate -- 10 0.1 
Phosphate 0 1 60 
Selenium 1.0 0.01 <0.10 
Silver 5 0.05 <0.05 
Sodium -- 270 7 
Sulfate -- 250 81 
Zinc -- 5 2

All of the elements in the process water (after being 
recycled five times), meet RCRA's federal specifica-
tions. On the contrary, chloride, iron, manganese, 
and phosphate in the recycled process water fail to 
meet the state ADEM's specifications. Nevertheless, 
Mill has found that the process water treated with 
Ion exchange resin met both RCRA's and ADEM's al-
lowable limits for water discharge. 
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WATER 

FISH AND WILDLIFE SERVICE PROPOSES 
RELOCATING COLORADO SQUAWFISH 

The Colorado Squawfish is an endangered species 
whose presence may affect future developments on 
the Upper Colorado River in Colorado. The United 
States Fish and Wildlife Service of the Department of 
the Interior recently proposed to relocate an ex-
perimental population of the squawflsh into the Lower 
Colorado River in Arizona, as a means of furthering 
the recovery of the species. 

Background 

Among the significant changes made by the 1982 
Amendments to the Endangered Species Act (Pub. L. 
97-304) was the creation of a new section 10(j), which 
established procedures for "experimental populations." 
Previous to the 1982 Amendments, the Service was 
permitted to translocate populations into unoccupied 
portions of a listed species historic range if such an 
action would foster the conservation and recovery of 
the species. However, local opposition to transioca-
Lion efforts severely handicapped the effectiveness of 
translocation as a management tool. This opposition 
stemmed from concerns about restrictions and prohibi-
tions on private activities as a result of the presence 
of endangered species. Under the 1982 Amendments, 
transloeated populations established outside the cur-
rent range, but within the species' historic range, may 
now be designated as experimental. Experimental 
populations of species that are otherwise listed as en-
dangered may be treated as only threatened. 
Moreover, populations found to be nonessential to the 
continued existence of the species would not be af-
forded protection under section 7 (a) (2) of the Act, 
which required federal agencies to refrain from ac-
tivities that are likely to jeopardize the continued ex-
istence of species or adversely modify its critical 
habitat. 

The Colorado Squawfish was once widespread, occupy-
ing the entire Colorado River system including the 
Gila River system in Arizona. Squawfish were also 
present in tributaries of the Gila River, including the 
Salt, Verde, and San Pedro Rivers and likely several 
other rivers. The last specimen known from the 
Arizona waters was collected in the early 1950's. 
The reasons for the decline of the Colorado Squawfish 
are dewatering, dams, and competition with exotic 
species of fish.

Recovery Plan 

Recovery actions, detailed in the Colorado Squawfish 
Recovery Plan, include the reintroduction of the 
species into selected streams within the historic 
habitat. Establishing several, isolated populations 
would ensure protection from extinction due to 
catastrophic destruction of a single population. 
Recent reintroduction efforts have Included stocking 
of captive reared Colorado Squawfish in the Salt and 
Verde Rivers in Arizona. Because potentially good 
habitat remains in the Lower Colorado River, the es-
tablishment of an additional population in the Lower 
Colorado River also seems possible. This additional 
population, if successfully established could contribute 
to the recovery of the species. 

Sufficient brood stock is available at Dexter National 
Fish Hatchery, where successful techniques for 
propagating and rearing this species have been 
developed and are In progress. Creation of the 
proposed experimental population from captive breed-
ing stock would not affect the survivorship of the 
remaining native populations. 

Location of Reintroduced Populations 

The site for this proposed reintroduction of Colorado 
Squawfish is the Lower Colorado River, upstream 
from the Imperial Dam to Parker Dam in Yuma and 
La Paz Counties, Arizona, and in Imperial, Riverside 
and San Bernardino Counties, California. The 
reintroduction site is within the historic range of the 
species, and is isolated from all other populations of 
Colorado Squawfish.	 This proposed population is 
500 miles from the nearest native population, which is 
in the upper reaches of Lake Powell. The closest 
designated experimental population In the Verde River 
near Perkinsville, Arizona, is located about 300 river 
miles distant. 

Present plans call for annual stocking over the next 
10 years.	 The first stocking would consist of as 
many as 100,000 individuals. All of the fish will 
come from hatchery stock spawned and reared at 
Dexter National Fish Hatchery, Dexter, New Mexico. 
Fish from Dexter National Fish Hatchery will be 
reared to fingering size by the State of Arizona at 
Page Springs Stage Fish Hatchery, Cornville, Arizona. 
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RESOURCE 

OIL SHALE ACTIVITIES ON UTAH STATE LANDS 
NOTED 

Activities Involving oil shale lands and leases noted by 
the Utah Director of the Division of State Lands in 
the last six months include: 

Oil Shale Lease to be Canceled 

The following leases are to be canceled for non-
payment of 1987 rental.

Account 
Nwre	 Nter 

Geokinetics Inc. M142361 Oil Shale 
John M. Wallace ML41529 Oil Shale 
Prehlad S. Vachher ML40646 Oil Shale 
Prehlad S. Vachher ML40647 Oil Shale

Oil Shale Lease Expired 

The mineral leases listed below have reached the end 
of their terms and have expired. These leases will be 
terminated and the lands offered for lease by tile 
Division's Simultaneous Filing Procedures. 

Lease No.	 Lessee	 County/Acres 

ML 24593	 Paul Tovey Lengyel	 Duchesne 
40.00 acres 

ML 24464-B Pete & Louise Brennen Duchesne 
40.00 acres 

ML 24464-fl Joseph Dickinson 	 Duchesne 
40.00 acres 

ML 24464-E Carl F. Krauss 	 Duchesne 
40.00 acres 

ML 24464-F Paul T. Lengyel et al. Duchesne 
120.00 acres 

Request for Reinstatement 

Dr. Prehlad S. Vachher requested the reinstatement of 
three mineral leases: ML 40508, ML 40646, and ML 
40647 which were not paid by the cancellation date 
of July 3, 1987. In accordance with Division Policy, 
the Director denied the request for the reinstatement. 

Total Assignment - Oil Shale Lease 

Upon recommendation of Mr. Prince, the Director ap-
proved the assignment of the Oil Shale Lease ML 
24276-A to Geokinetics Inc., 391 Chipeta Way, D-2, 
Salt Lake City, Utah 84108, by Seep Ridge Shale Oil 
Company. No override, but subject to one percent 
overriding royalty previously reserved. (Four percent 
was previously reserved to Geokinetics Inc., but one 
percent was previously reserved under ML 24276).

SENATE COMMITTEE CONSIDERS OIL SHALE 
CLAIMS LEGISLATION 

The Senate Energy Committee, Mineral Resources 
Subcommittee held an oversight hearing on oil shale 
mineral rights claims October 16, 1987 in Washington. 
The Committee should mark up early next year either 
a Rouse-passed oil shale bill (HR 1039) or a bill 
which Senator Wirth of Colorado may introduce to 
prevent the patenting of virtually all remaining oil 
shale claims in Colorado, Utah and Wyoming. 

Subcommittee Chairman John Meicher of Montana, 
Wirth and Representative Ben Campbell of Colorado 
denounced as a "giveaway" and "a fire sale" the 
patenting last year of oil shale mining claims in 
Colorado covering about 82,000 acres of land. The 
federal government retained a mineral interest in any 
oil, gas and coal present on the claims. 

The patenting of the oil shale claims resulted from a 
settlement agreement that the Departments of Justice 
and the interior entered into with the claimants on 
August 4, 1986, after the United States District Court 
in Colorado issued a ruling In favor of the claimants 
in 1985. 

Subsequently the House of Representatives passed on 
June 2 of this year a bill (HR 1039) by Chairman 
Nick Rahall, Virginia, of the House Mining Subcom-
mittee. It has three major provisions. It prohibits 
patenting of oil shale claims unless all patent 
requirements have been net and an application for 
patent was pending on February 5, 1987. It provides 
for the conversion of a mining claim to a lease under 
the 1920 Mineral Leasing Act, it allows a claim 
holder to maintain his claim under the general mining 
law if he meets due diligence requirements. 

Senator Melcher on February 26 introduced a bill 
(S 597) that placed a moratorium on processing ap-
plications for patents on oil shale claims. The Senate 
on May 27 adopted an amendment by Ileleher and 
Wirth to the 1987 Supplemental Appropriations bill 
(HR 1827-P.L. 100-71) which ultimately became law 
that prohibits the Interior Department from issuing 
patents for oil shale mining claims until March 31, 
1988, with the exception of pending patent applica-
tions. 

Action by Interior Department 

With the legislative moratorium in effect on issuing 
most new oil shale patents until the end of March, 
the Interior Department says that it has begun to ex-
amine the criteria under which remaining oil shale 
claims are to be processed. According to the 
Department, a key part of the 1986 settlement was 
an agreement that the ruling in the Tosco case be 
vacated as moot, thereby not allowing it to be estab-
lished as a precedent by which the remaining claims 
would be Judged for validity.	 According to a Sub-



committee staff memo, the Department Is in the 
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land actions, he added. The state never consented to 
that arrangement. 

process of developing annual assessment and discovery 
standards to be used when processing the remaining 
mining claims.

Savage Position 
Of these remaining claims, 561 covering 82,770 acres 
are In Colorado; 635 covering 99,772 acres are in 
Utah; and 345 covering 54,400 acres are in Wyoming. 
Six patent applications are pending on 68 claims total-
ing 11,000 acres, all in Colorado. 

Much of the oversight hearing was a heated discussion 
between Wirth and M elcher, on the one hand, and 
Senator Malcolm Wallop, Wyoming, on the other, with 
regard to handling of the 1986 settlement agreement 
by the Interior Department. A regional Interior 
solicitor had recommended that the Department ap-
peal the 1985 decision of the United States District 
Court, but was overruled by the top officials at Inte-
rior and Justice. 

Wirth called Interior's decision "flaky". He said some 
officials In Interior felt the settlement agreement 

an absolute outrage," a view that he said he 
shared. "Congress should intervene ... and straighten 
out this chaotic mess," Melcher stated. 

Wallop pointed out that the Court had ruled clearly In 
favor of the claimants, If Congress does not like the 
law allowing these oil shale claims to be patented, 
Wallop pointed out, it should change the law, which It 
has not done to date. The initiative lies with 
Congress, not the Department. 

Colorado Testimony 

Ron Cattany,	 deputy director of the Colorado 
Department of Natural Resources, testified that 
federal land policies demand consultation with state 
agencies and a sixty-day delay before large tracts of 
public land be sold or transferred. 

A formal environmental study also should have been 
performed, he said. 

Instead, he claimed that the Interior Department ne-
gotiated secretly with holders of shale claims, and 
state officials were startled to learn of the con-
troversial deal. 

"The state's first glimpse of the agreement came 
after it was signed, from the press" Cattany told the 
Subcommittee. 

In addition, Cattany alleged that when state officials 
asked that they be given advance notice of additional 
shale land transfers, as required by law, the Justice 
Department responded with an offer that bordered on 
blackmail. 

A Justice Department official indicated his agency 
would comply with the request only if the state first 
dropped a lawsuit filed to protect state interests in 
the shale dispute, Csttany said. 

The state further would have had to promise not to 
testify in Congress against the administration's shale

Representative Campbell, whose Third Colorado Con-
gressional district contains much of the richest oil 
shale lands stated, "Congress has the responsibility to 
ensure that multiple use public lands ... are not disposed 
of for the price of a six-pack of cheap beer." lie 
charged that many holders of oil shale claims had 
used the savings clause of the Mineral Leasing Act of 
1920 "for land speculation." He said the government 
had received about $200,000 for the patented oil shale 
land which is worth, according to estimates given him 
by Colorado officials, $t64 million. If the lands were 
ultimately developed, "the potential lost royalty 
revenue would range from $34 billion to $210 billion," 
so the settlement agreement represented "a huge 
giveaway," lie charged. 

But John W. Savage, Jr., of Rifle, Colorado, whose 
family has held oil shale claims on Colorado's Western 
Slope for 70 years, presented diametrically opposite 
testimony. He strongly opposed enactment of legisla-
tion that would prevent the patenting of his family 
oil shale claims. He said his family had located their 
unpatented oil shale claims under the 1872 mining 
law, and they are held under that law. "Those rights 
were routinely acknowledged by the Issuance of 
patents until 1960, when, with no change in the 
statute, the government attempted to deny those 
rights.	 After 25 years of fruitless litigation, the 
cases were settled.	 He said he didn't like the
settlement but had no alternative but to go along 
with it.	 The Savage family wants their remaining
claims patented as well, he testified. 

Savage appealed to the Subcommittee for equity. He 
said his family wants "to go ahead and build an oil 
shale Industry... We do not want the lands to build 
condos." "It may be time to change the 1872 mining 
Law, but only prospectively ... It is not right, legally or 
morally, for you to take those rights away," he in-
sisted. 

James Cason, Deputy Assistant Secretary of Interior 
of Lands and Mineral Management, stated the Interior 
Department is on record as opposed to the House-
passed Rahall bill. He spoke of Interior's willingness 
to work with Congress on formulating standards "that 
will protect private property rights while serving the 
public interest" in managing and patenting oil shale 
claims, lie said the Department had created a task 
force to work on the problem. 

Environmental Groups Back Legislation 

The Colorado Wildlife Federation (CWF) by letter and 
the National Wildlife Federation (NWF) by testimony 
strongly supported the House-passed bill. There 
should not be further erosion of the public land base, 
the CWF stated. "Oil shale claims must not be con-
verted to private speculation. There are too few op-
portunities (i.e., open spaces) left to allow this to 
happen," it said. 

2-32	 SYNTHETIC FUELS REPORT, DECEMBER t987



Thomas D. Lustig, director and staff attorney of the 
NWF Rocky Mountain Natural Resources Clinic at 
Boulder, Colorado, listed six reasons "why Congress 
most act," through the passage of the House-passed 
bill or other legislation, "to insure that oil shale 
development does not continue to be a public lands 
giveaway program,' 

He said that court decisions have been over generous 
to claimants, who have received "unique and unwar-
ranted public benefits," There are 240,000 acres of 
public oil shale lands in "jeopardy from oil shale 
privation." 

In his view, patenting oil shale land will impair mul-
tiple use values of the land. Campbell and Cattany 
made tile same points in their testimony.

TOSCO TO EXERCISE OPTION TO PURCHASE OIL 
' SHALE PROPERTY 

The New Paraho Corporation announced that it 
received notice that The Oil Shale Corporation, a 
wholly-owned subsidiary of Tosco Corporation has ex-
ercised its right to purchase interests In certain shale 
oil properties which The New Paraho owns in Rio 
Blanco County, Colorado. Paraho will be entitled to 
receive approximately $6,354,000 for such properties 
payable $574,000 at the closing (which Is expected to 
occur in December, 1987) with the remainder payable 
in is annual principal payments of approximately 
$385,000 beginning In December, 1990, with interest 
at five percent. 

The location of the oil shale properties involved Is 
shown in Figure 1. The block of claims has been 
known as the Ertl block, or Ertl-Dutton claims. They 
are adjacent on the north to the large block of 
claims patented by Unocal in last year's settlement 
agreement with the United States Department of the 
Interior. 
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FIGURE 1 

OIL SHALE PROPERTY PURCHASED BY TOSCO 
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RECENT OIL SHALE PUBLICATIONS/PATENTS 

The following report has been published by the Naval Research Laboratory: 

"Mechanisms of Syncrude/Synfuel Degradation. Fourth and Final Report for October 1, 1984-
December 31, 1985." 

The following papers were presented at the 1987 Eastern Oil Shale Symposium, held in Lexington, Kentucky, 
November 18-20, 1987: 

Benton, J. B., "Overview of Environmental Monitoring Data Developed at Four Synthetic Fuels 
Facilities." 

Barr, S., "A Comparison of Atmospheric Transport Considerations in Eastern and Western Oil 
Shale Operations."	 - 

Essington, M. E., "Modeling Fluoride Chemistry in Hydrated and Recarbonated Spent Western Oil 
Shales." 

Davis, G., et al,, "Environmental Aspects of Beneficiating Eastern Oil Shale.' 

McWhorter, D. B,, "Retardation of Flow in Oil Shale Residues Affected by in Situ Hydration." 

Shamsi, A., et al., "Catalytic Effect in Oil Shale Pyrolysis: An Investment of the Role of Low-
Temperature Ashed Shale on HDN and LIDS Reactions of Nitrogen- and Sulfur-Containing Com-
pounds." 

Barnhisel, R. I., et al., "Oil Shale Reclamation and Leaching Studies: Results from the Third 
Year of the Hope Creek Field Project." 

Chong, K. P., et al., "Relationships of Oil Content and Rock Density for New Albany Reference 
Oil Shale and Sound Velocity Measurements." 

Chong, K. P., et al., "Ultimate Tensile Strengths and Strain-Rate Dependent Mechanical 
Properties of New Albany Oil Shale." 

Chou, M. I., et al., "Organic Chemistry of Anna and Energy Shale Members of the Carbondale 
Formation (Pennsylvania), Illinois Basin." 

Beier, J. A., "Geochemistry of Carbon and Sulfur in the New Albany Shale (Devonian-
Mississippian) of Southern Indiana: Evidence for Variations In Depositional and Early Diagenetic 
Environments." 

Senftle, J. T., "Analyses of Mixed Kerogen from Upper Devonian New Albany Shale." 

Matthews, R. D., "Bulk Sampling of Eastern Oil Shales-Methods and Stratigraphic Documenta-
tion." 

Miller, M. F., et al., "Permian Black Shales of the Central Transantarctic Mountains." 

Killingley, J. S., et al,, "Inorganic Geochemistry and Mineralogy of Some Tertiary Oil Shales, 
Queensland, Australia," 

Lamont, W. E., et al., "Alaska Oil Shale-A Potential Energy Resource?" 

Conkin, J. E., "Olentangy Shale and Its Correlatives in Eastern United States," 

Feng, R. .1., et al,, "Fluidized-Bed Gasification of Devonian Shale." 

Lau, F. S., et al., "Fluidized-Bed Gasification of an Eastern Oil Shale." 

Killingley, J. S., et al., "Combustion Studies on an Australian Oil Shale (Rundle)." 

Carter, S. D., "The Kentort Ii Concept: A Process Description." 
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Macdonald, K. A., et at., "The Physical Conditions for Post Fluidization of Nova Scotia Oil 
Shales." 

Gregoire, C. C., "Simulation of a Staged Fluid Bed Retort Using the Aspen Simulator.' 

Rubel, A. M., et al., "Evaluation of the Gasification Potential of Kentucky Oil Shale Char 
Produced Under ugh Yield Fluid Bed Conditions." 

Durslci Batista, A. R., et al., "Petrosix Process Operated Successfully in a New Oil Shale Mine.' 

Miknis, F. P., et al., "Isothermal Decomposition of New Albany Oil Shale." 

Wood, K. V., et al., "Solvent Extraction of an Indiana Shale and Characterization of the Oil Ex-
tract." 

Roberts, M. J., et al., "Synthesis Gas Retorting of Eastern Oil Shales." 

Hanna, J., at al., "Effect of Sulfur and Particle Size on Fischer Assay Oil Yields from Oil 
Shale." 

Camp, D. W., "Enthalpy Relations for Eastern Shales." 

Lot, A. P., et al., "Development of Energy-Transfer Model (Xelamp) for Oil Shale Pyrolysis in 
Fiashiamp Reactor." 

Lamont, W. E., et al., "Improvements In Eastern Oil Shale Reneficiation." 

Misra, M., et al., "Power Requirements for Ultrafine Grinding of Oil Shale." 

OIL SHALE - PATENTS 

"Enhanced Recovery of Hydrocarbonaceous Fluids Oil Shale", Thomas 0. Mitchell - Inventor, Mobil Corporation, 
United States Patent 4,698,149, October 6, 1987. The present invention relates to a novel method for Improving 
the recovery of hydrocarbon fluids from oil shale. The method comprises treating a mixture of oil shale and 
hydrocarbon fluid at a temperature below the retorting temperature of the shale and for a period of time sufficient 
to recover product hydrocarbon fluids in amount equivalent to at least 100 percent Fischer Assay. 

"Extraction of Hydrocarbon-Containing Solids", Philiman N. He - Inventor, Union Oil Company of California, United 
States Patent 4,695,373, September 22, 1987. Hydrocarbon liquids are recovered from oil shale and other solids 
containing organic material by heating the solids to a temperature below about 000 0 F, preferably between about 
550° F and about 900° F, in the absence of an added liquid organic solvent and then contacting the heated solids 
with a liquid organic solvent in such a manner that the solids and solvent do not form a slurry and under conditions 
such that hydrocarbons are extracted from the heated solids into the organic solvent. The extracted hydrocarbons 
are then recovered from the solvent by fractionation. Normally, the solids will be heated by contacting them with 
a hot, nonoxidizing gas, preferably an oxygen-free flue gas generated within the process. 

"Method of Recovering Hydrocarbon From Oil Shale", Robert H. Friedman - Inventor, Texaco Incorporated, United 
States Patent 4,692,239, September 8, 1987. Hydrocarbons may be recovered from crushed oil shale by contacting 
the coarsely crushed oil shale material with a hydrogen donor solvent such as tetralin, alone or in combination with 
high pressure gaseous hydrogen for a period of time sufficient to cause disintegration of the oil shale lumps, after 
which the pretreated material is Introduced into a vessel containing a free oxygen containing gas such as air in a 
fluid environment at a temperature range from 300 to 43 0 C to remove organic fragments from the polymeric 
kerogen component of oil shale by oxidative scissions. The oxidation is conducted using a liquid phase solvent for 
the organic fractions removed from the kerogen. Preferred solvents are naphthalene, tetralin and phenanthracene. 
The solvent-organic fraction solution is then separated into solvent and organic fraction by sublimation with the sol-
vent being recycled. The residual solids comprising oil shale material and unoxidized kerogen is then subjected to a 
bake-off to recover additional organic material from the kerogen. In addition to recovering a portion of the or-
ganic content from the kerogen, the oxidative scission reaction increases the susceptibility of the kerogen to 
recovery by pyrolysis under milder conditions than the unoxidized oil shale material. The pyrolysis Is conducted at 
a temperature from 400 0 F to 750 0 F for a time period up to two hours. 

"Apparatus for Shale Oil Retorting", Wayne H. Everman, Joseph H. Gilbert - Inventors, Combs Enterprises Incor-
porated, United States Patent 4,690,732, September 1, 1987. A shale oil retorting system and novel continuous feed 
means for retorting oil shale within a retort housing employs a tilted circular conveyor within the housing which al-
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lows for continuous feeding of crushed oil shale within the conveyor for subsequent immersion in a hot process oil 
bath and unloading from the housing. The retort housing is constructed of side body members arranged to provide 
primary refluxing action of flammable process oil vapors evolved during retorting to prevent explosion. Safety Is 
further augmented by providing an overhead vapor outlet and a sufficient level of process oil in the bath to 
produce a slight overpressure In the free board region conducive to quickly exhausting shale oil vapor from the 
housing into an overhead condensing unit. The spent shale particles discharged from the housing are immediately 
quenched to recover process oil coating the particles and minimize generation of flammable vapors from the hot 
particles. Ultrasound waves propagated through the liquid oil bath increase production of shale oil vapors. 

"Steam Stripping Process for Solids Separation in Oil Shale Processing", William G. Moon, John F. Patzer, II - In-
ventors, Chevron Research Company, United States Patent 4,687,569, August 18, 1987. A process for separating 
solids from hydrocarbons in a slurry of hydrocarbonaceous solids and solvent is disclosed comprising atomizing the 
slurry, introducing and mixing the atomized slurry and superheated steam in a stripping zone, vaporizing the 
hydrocarbons, and separately removing the vapors and the solids. The process Is particularly useful in an oil shale 
recovery process. 

"Process for Producing Lubrication Oil of High Viscosity Index From Shale Oils", Eric L. Moorehead, Sidney Y. Shen 
- Inventors, Union Oil Company of California, United States Patent 4,699,707, October 13, 1987. Full-range shale 
oils or fractions thereof, after hydrotreating, are hydrodewaxed and then hydrogenated to produce lubricating oil 
fractions boiling above 650 0 F, having a pour point at or below +100 F, and a viscosity index of at least 95. 
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1987) 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco Shale Oil Com-
pany MS, 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 moms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall-1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the lease 
suspension request. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the 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) ('l'SS, R98W, 6PM) (S-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 (5Th) retort process. Information obtained from the semi-works project will allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

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

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

COLONY SHALE OIL PROJECT - Exxon Company USA (TSS, R95W, 6PM) (S-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 OPT shale from a 60-foot horizon 
in the Mahogany zone. Development suspended 10/4/74. Draft EIS covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final EIS has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired 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, 
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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 - SO percent (S-fl) 

Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. (SPP/CPM) announced the completion on June 30, 1984 of 
the Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a 
development of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 
Since that date, SPP/CPM have confirmed their studies of shale characterization and processing behavior, but further work has 
been suspended. 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants 
and supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
avenge operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
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 'fines' process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 50, tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels per 
day upgrading plants were incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce accommoda-
tion, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is favored for transfer of 
product oil from the plant site to marine tankers. The study indicates that there are no foreseeable infrastructure or environmen-
tal issues which would impede development. If a design and construction schedule of 12 years were chosen, allowing a steady but 
progressive build-up to full production, then an on-site peak construction and operations workforce of up to 3,000 people would 
be required. Operation of the plant would need 1,700 on-site people at full production. 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Thus a selling price of about US$33 FOB Mackay was assumed. Average cash operating cost at 
full production is estimated at US$20 per barrel of which more than US$9 per barrel represents corporation taxes and royalty. 
Capital costs were estimated to an accuracy of +/- 25 percent, mainly by independent international engineering companies. Of 
the total estimated capital costs of US$2,300 million, almost US$1,700 million is accounted for equally by the three major 
elements—mining, retorting, and upgrading. The remainder covers supporting plant, infrastructure, administration, and various 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, SPP/CPM mined 39,000 tons of oil shale between August and Novem-
ber, 1984 from the Condor oil shale deposit at the site of the previous bulk sample. The oil shale was crushed to produce 
20,000 tons of material sized from 15 millimeters to 120 millimeters. This material was railed to Townesville and shipped to Japan 
on December 12, 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in early 1987 and began processing of the Condor shale and carrying out 
related investigations. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars)
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EDWARDS ENGINEERING - Edwards Engineering Corporation (5-33) 

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 (5-35) 

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 (JP4) to the Air Force over a four year period. 

The processing scheme that Gary will use to process the shale oil is geared toward maximizing the yield of JP4. The blocking 
operation is due to the Air Force requirements that JP4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Force requirement, 
the shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. JP4 
product will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 
diesel will be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Union Oil plant. 

Project Cost: Not Disclosed 

IUVITER PROCESS - Union of Soviet Socialist Republics (S-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons are retorted to produce shale oil and gas. The Kiviter process, continuous operating 
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 Ki/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 
semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by 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.

SYNTHETIC FUELS REPORT, DECEMBER 1987 
2-40



STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1987) 

COMMERCIAL PROJECTS (Continued) 

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 S 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 PROJI3CI' - Mobil Oil Corporation (T65, R95W, 6PM) (S-40) 

Mobil is currently evaluating development plans for its shale property located on 10,000 acres five miles north of Parachute. The 
project is planned to have initial production of 10,000 to 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 13 for the Moroccan oil shale retorting process was derived. 
In February 1982, the Moroccan Government concluded a $43 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a 
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 13 process. More than a dozen single retort tests have been conducted 
so far to prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests will continue 
through 1985 and the double retort 13 process tests will start in early 1986. The pilot plant utilizes the T3 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. 

The 13 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and 
abroad and made a recommendation in several categories based on the results from the economic analysis. An oil-shale 
laboratory including a laboratory scale retort, computer process model and computer process control, has been established in 
Rabat with assistance from Science Applications, Inc. 

Project Cast: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL 76(8-70) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres 
of oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since 
the early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for 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 110,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 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 test 
operations and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 
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In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en- 
courage commercial shale oil production in the United States. The puce Will be the market price or a contract floor price. If the 
market price is below the DOE contract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. 
Treasury Department in January, 1987 under its Phase I support contract. 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FEC) technology 
at its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FEC technol-
ogy. A key reason for the decision, the company said, was the unexpectedly big)' cost of the FEC facility. Preliminary cost and 
engineering studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. The 
decision does not affect Unocal's plans to proceed with the current operations of its shale plant. 

Project Cost: Phase I - Approximately $700 million 

PE1'ROSIX - Petrobras (Petroleo Brasileiro, S.A.) (5-90) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used 
for optimization of the PETROSIX technology. Oil shales from other mines can be processed in this plant to obtain data for the 
basic design of new commercial plants. 

A PEFROSIX pilot plant, having a 20 inch inside diameter retort, has bàn in operation since 1982. The plant is used for oil 
shale characterization and retorting tests, developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale fines. The plant 
uses a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant is being started u p in December 1987. A one foot diameter cylindrical reactor is being used. It 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 stiles of tests since 1972. A United States patent has 
been obtained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per 
day of crude oil and 14 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being constructed 
and will produce 2,950 barrels per day of oil, 40 tons per day of LPG, and 60 tons per day of sulfur in December 1989. 

35 hectare of the mined area has been rehabilitated since 1977. The schedule for 1987 is to rehabilitate 40 hectare. Rehabilitation 
comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back the local conditions 
for farming and recreational purposes. 

Current shale oil production is sent by truck to a refinery 150 kilometers from the plant and is stabilized through the FCC unit in 
a mixture with heavy gasoil. 

Sulfur production is sold directly to clients from local paper mill industries 

Project Installed Costs: $68.4 (US) Million (industrial module) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-95) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The plant is located on property leased 
from 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 reserves. 

The pilot plant consists of two specially designed burners that will burn continuously in an underground oil shale bed at a depth 
of 70 feet. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 
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Project Cost: Approximately $1 million for the pilot tests. 

RIO BLkNCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company (wholly owned by Amoco Corporation) (125, R99W, 
6PM) (S-100) 

Proposed project on federal Tract C-a in Pittance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30'x 30'x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater 
resource recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without 
additional federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily 
suspended operations on its federal tract after receiving as year lease suspension from the United States Department of Interior. 
The project is still in suspension until a lease can be obtained or the five 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 Fall 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. 

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, E.sso 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 for 1985/7 was A$13 mil-
lion.
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l3sso funding all work program expenditures for a maximum 0(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 off take to 
cover that funding. 

Project Cost: See above 

TOSCO SAND WASH PROJECT - Tosco Corporation (nS, R2IE, SLM) (S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site en-
vironmental assessments have been completed and applications for tight-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 fore 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 11,000 tons per day TOSCO II 
pyrolysis unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil. 
During the third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 tons per day mine, producing a nominal 
50,000 barrels per day of shale oil. Contemporaneous development of Phases 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 Pacific Minerals N.L, Southern Pacific Petroleum N.L., and 
Peabody Australia Pty. 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 

billion barrels in situ extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

The Yaamba Joint Venture comprises Peabody Australia Pty. Ltd., with 83.3% percent interest, Beloba Pr y. Ltd. with 10%, 
Central Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L with 3.3%. Peabody Australia manages the Joint 
Venture which now holds two "Authorities to Prospect" for oil shale in an area of approximately 1,080 square kilometers in the 
Yaamba and Broad Sound regions northwest of Rockhampton. The "Authorities to Prospect" were granted to the Yaamba Joint 
Venture by the government of the State of Queensland for a five year 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. Further investications aimed at determining methods for maximum utilization of the to-
tal energy resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of addi-
tional data on the existinc environment are continuinc. 

Project Cost: Not disclosed
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1987) 

COMMERCIAL PROJECTS (Continued)

R&D PROJECTS 

DUO-EX SOLVENT EXTRACTION PILOT PROJECT - Duo-Ex (a wholly owned subsidiary of SOIV-EX Corporation) (5-152) 

Duo-Ex is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to 
shalt oil recovery. The Duo-Er approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Ex has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Ex process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on 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-Es is discussing the project with interested investors. 

Project Cost: $1,000,000 

EASTERN OIL SHALE IN SITU PROJECT - EASTERN SHALE RESEARCH CORPORATION (S-250) 

In 1985, Eastern Shale Research Corporation commenced a project to study the in situ processing of Eastern oil shales, on New 
Albany Shale in Indiana. Test blasts were carried out, followed by the design and blasting of a shot to produce a retort bed for 
burning in the horizontal mode. 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used by Geokinetics Inc. for shallow 
oil shales in Utah. 

The nroiect is currently in the permitting stage. Environmental control methods and eq uipment designs are being reviewed by the 
involved regulatory agencies. 

The project is located in southern Indiana and uses the uppermost member (Clegg Creek) of the New Albany oil shale. 

Project Cost: Not disclosed 

JAPANESE RETORTING PROCESSES — Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cross flow type) of retorts were built at a scale of about 3 tons per day. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales from the United States, 
Australia, China, and Morocco. 

In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion zone. To 
prevent flow of gas from the combustion zone to the retorting zone, a seal zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical counterfiow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, 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.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1987) 

R & D PROJECTS (Continued) 

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 pre-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 kin 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. (5-175) 

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 has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 

Successful demonstration can pave the way to sirnificant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning is expected in 
1989. 

Project Cost: $25 million for combustion demo plant 

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. 

The 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. 

Project Cost: Yet to be determined
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1987) 

R & B PROJECTS (Continued) 

NEW PARAHO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at 
Western Research Institute (WRI) and elsewhere have discovered that certain types of chemical compounds present in shale oil 
cause a significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This 
is particularly true for shale oil produced by direct-heated retorting processes, such as Paraho. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result 
in (1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion 
of a comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-
based commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $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. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shalt oil will be 
produced in Paraho's existing pilot plant facilities, located near Rifle, Colorado. A small pilot plant with an output of 17 barrels 
per day will be used. In October a 10-da y test run was completed, producing 150 barrels of shale oil at 93% of Fischer Assay 

facility is expected to be fully operational in time For the 1988 highway construction season. 

The one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. 
Once constructed, the test strip will be evaluated over a period of several years, during which time Paraho will complete site selec-
tion, engineering and cost estimates, and financing plans for a commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per 
day of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving, 

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 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (5-205) 

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. (S-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since September 1987) 

R & I) PROJECTS (Continued) 

The new process, named the WE 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 sm.i 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 3.5 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1951. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Aicksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. 
The retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS 
retorts would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the T3 retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the 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. 

The main problem in the design evaluation stages was consideration of the environmental impact on open streams and the fertile 
agricultural surroundings in the basin. The present solution, utilizing the IMIS method, promises an environmentally acceptable 
approach. 

Project Cost: US$12,000,000
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsors Last Appearance in SFR 

American Syncrude Indiana Project American Syncrude Corp. September 1987; page 2-53 
Stone & Webster Engineering 

Baytown Pilot Plant Exxon Research and Engineering September 1987; page 2-60 

BX In Situ Oil Shale Equity Oil Company March 1984; page 2-52 
Project 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
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 Cell 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 S-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 8-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 248 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 247 
Facility 

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page 8-3 

Unnamed Fracture Test Talley Energy Systems September 1978; page 134
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White River Shale Project 	 Phillips Petroleum Company	 March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Ornnization Project Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-43 

Beloba Pty. Ltd. Yaamba Project 2-44 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-38 

Central Oil Shale Pty. Ltd. Yaamba Project 2-44 

Central Pacific Minerals Condor Project 2-39 
Rundle Project 243 
Yaamba Project 2-44 

Chevron Shale Oil Company Chevron Clear Creek Project 2-38 

Conoco Inc. Chevron Clear Creek Project 2-38 

CSR Limited Julia Creek Project 246 

Duo-Ex (Solv-Ex Corporation) Duo-Ex Solvent Extraction Pilot Project 245 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-45 

Edwards Engineering Company Edwards Engineering 240 

Esso Australia Ltd. Rundle Project 243 

Exxon Company USA Colony Shale Oil Project 2-38 

Gary Refining company Gary Reflneiy 2-40 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 247 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 245 
(JOSECO) 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 241 

New Paraho Corporation Painho Asphalt From Shale Oil 247 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-38 

Office National de Recherche et Morocco Oil Shale Project 2-41 
d'Exploitation Petrolieres 
(ONAREP) 

PAMA Inc. Israeli Retorting Development 246 

Peabody Australia Pty. Ltd. Yaamba Project 2-44 

Petrobras Petrosix 2-42 

Ramex Synfuels International Ramex Oil Shale Gasification Process 243 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 241 

Science Applications, Inc. Morocco Oil Shale Project 241 

Solv-Ex Corporation	 - Duo-Ex Solvent Extraction Pilot Project 245
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Company or Organization Proiect Name 

Southern Pacific Petroleum Condor Project 2-39 
Rundle Project 243 
Yaamba Project 2-44 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 243 

Tosco Corporation Tosco Sand Wash Project 244 

Triad Research Inc. Triad Donor Solvent Project 247 

Unocal Corporation Parachute Creek Shale Oil Program 241 

Union of Soviet Socialists Republics Kiviter Process 240 

U.S. Department of Energy Duo-Ex Solvent Extraction Pilot Project 245 

United Nations Yugoslavia Inclined Modified In Situ Retort 248 

Yaamba Joint Venture Yaamba Project 2-44

SYNTHETIC FUELS REPORT, DECEMBER 1987 
2-52 



Vt



PROJECT ACTIVITIES 

WOLF LAKE 2 CONTRACT AWARDED TO FLUOR 

BP Canada has awarded the contract for the Wolf 
Lake 2 central plant to Fluor Canada Ltd. The con-
tract, valued at approximately $60 million, involves 
the detailed engineering, procurement and construction 
of facilities for steam generation, oil separation and 
water recycling. 

Construction jobs are expected to peak during 1988 at 
about 300, while engineering and procurement staffing 
will reach 100 In early 1988. In total, the contract 
will provide over 500,000 hours of direct employment. 

The Wolf Lake 2 project, a major expansion of the 
existing Wolf Lake in situ oil sands production 
facilities, Is a joint undertaking of UP Canada and 
Petro-Canada. In addition to the central plant, the 
project includes the drilling of 250 wells and con-
struction of associated field gathering facilities. 
Costing $200 million In total, It will increase bitumen 
production to 24,000 barrels per day when It comes 
on stream late In 1989. 

Wolf Lake is located 250 kilometers northeast of Ed-
monton and 50 kilometers north of Bonnyville, Al-
berta. The project is in the heart of the Wolf Lake 
leases, covering an area of 30,000 hectares 
(117 square miles). These lenses contain an estimated 
3.8 billion barrels of bitumen In place. 

Development History 

The first three wells were drilled in 1964 and the 
first pilot project was started later that year. 
Through a series of pilots over the following 18 years, 
It was demonstrated that bitumen could be recovered 
from the sands by injecting high-pressure steam into 
the formation. The culmination of this effort was 
the construction and operation of Wolf Lake 1, one of 
the first commercial In situ oil sands projects in 
C anada. 

Wolf Lake 2 

Wolf Lake 2 Is a 15,000 barrel per day integral ex-
pansion to the Wolf Lake 1 facility. The Wolf 
Lake 2 central plant will be located adjacent to the 
existing plant both to enhance the combined operation 
and minimize environmental impact. 

Recovery Process 

The bitumen contained In UP's Wolf Lake oil sands 
leases is produced by cyclic steam stimulation. 
Steam is injected and the bitumen produced through 
the same well. Steam is injected down the well for 
several weeks. The steam is then turned off and the 
bitumen flows freely up the well for about two 
weeks, after which It has to be pumped to the sur-
face. Pumping Is continued for several months before 
more steam must be injected.

Ongoing research at BP's Phase A pilot operations has 
now advanced the development of in situ combustion 
technology to the point where commercial application 
can be considered. This technology has the potential 
to almost double ultimate recovery. After the 
recoverable oil available through cyclic steam stimula-
tion has been exhausted, it Is planned to convert the 
wells to combustion. A demonstration satellite is 
planned to begin operation in 1988 using one of the 
existing Wolf Lake 1 pads. 

Environment 

To minimize water requirements, a $35 million water 
reuse plant will be built to recycle water for both 
Wolf Lake 1 and 2. Vent gases will be gathered and 
incinerated at each satellite. As with Wolf Lake 1, 
UP will minimize environmental disturbance by situat-
ing the wells in clusters on gravel pads with ap-
proximately 18 wells directionally drilled from each 
pad. 

SUNCOR PLANS 10,000 BARREL PER DAY 
EXPANSION 

Alberta Energy Minister Nell Webber and Suncor Oil 
Sands Group Executive Vice President Michael Supple 
jointly announced that Suncor plans to invest ap-
proximately $150 million in an expansion of the 
production and upgrading capacity of Suncor's Fort 
McMurray oil sands operations. 

The planned debottlenecking will add approximately 
10,000 barrels per day of synthetic crude production 
capacity, bringing total capacity to 63,000 barrels per 
day. Suncor will also Increase Its upgrading capacity 
by an additional 10,000 barrels per day to a total of 
73,000 barrels per day. 

Suncors planned upgrading capacity would be In 
excess of its bitumen extraction capacity. Dr. Web-
her expressed the hope that the expanded upgrading 
capacity would stimulate additional projects for field 
bitumen extraction. 

The project Is expected to create 750 construction 
jobs and 130 engineering jobs. 

Dr. Webber also announced a change in Suncor's 
royalty regime. Since May 1086, Suncor has been 
paying one percent royalty as the result of a royalty 
relief program. Following expiration of the royalty 
relief in June 1987, Suncor agreed to a new royalty 
structure based on the generic Cold Lake formula ap-
plied to in situ oil sands projects. Rather than a 
revenue-based flat royalty, Suncor now will pay a 
profit-sensitive royalty like other oil sands projects. 
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The announcement was made prior to the fire which 
occurred at the oil sands plant on October 11. it Is 
not known what effect the fire will have on the ex-
pansion plans. 

SHELL PLANS 40,000 BARREL PER DAY 
EXPANSION AT PEACE RIVER 

Shell Canada Ltd. has filed an application with the 
Alberta Energy Resources Conservation Board for a 
$570 million expansion of its Peace River in situ oil 
sands project. 

The expansion would increase production to 
50,000 barrels per day from the present 10,000 barrels 
per day. 

Shell says that no decision has been made on a con-
struction start. The company is still negotiating with 
the Alberta government on financial terms. 

Shell began a pilot project at the site in 1979. The 
$185 million first phase of the commercial steam in-
jection operation began in 1985. It is now producing 
4,500 barrels per day with a target of 10,000 barrels 
per day within the next year. 

SUNCOR PLANT TO BE OUT OF COMMISSION 
UNTIL APRIL 

Preliminary estimates released by Sun Company 
projected that damage sustained in the October 11 
fire at its Suncor oil sands plant in Alberta, Canada 
will amount to between $38 and $45 million (US) 

The company further said that it projected the tire 
will result in a net loss of about $8 million (US) in 
the fourth quarter for Suncor's Oil Sands Group after 
adjusting for intercompany profit elimination. 

Sun anticipates that partial production at the plant 
will be restored by the end of January, 1988, with 
full production expected by early April. 

After the fire, Suncor decided to go ahead with a 
maintenance program that originally had been 
scheduled for next year. 

Work on the maintenance project and repair of the 
damaged extraction plant began almost immediately. 
Most of the damage was reported to be to the 
facility's roof and electrical wiring system. The 
cause of the blaze is still under investigation.

NEWGRAOE UPGRADER PROJECT HITS PEAK 
EMPLOYMENT PHASE 

The number of workers at NewGrsde Energy Inc.'s 
heavy oil upgrader project in Regina, Saskatchewan 
was scheduled to hit its peak value In November of 
approximately 2,000 on-site workers. 

The Co-op Upgrader is the largest single industrial 
project in the history of Saskatchewan, and one of 
the two biggest petrochemical projects currently under 
construction in the free world. When it is finished —
about a year and a half from now--its total cost will 
be approximately three quarters of a billion dollars. 

So far the job is on time and on budget: The biggest 
unknown is the weather for this winter. It could 
make or break both the budget and the schedule. 

Engineering Is now 90 percent or more complete on 
four of the five major units. 

Most of the major equipment has already been in-
stalled. Project progress is shown In Table 1. 

TABLE 1

STATUS OF NADE UPGIADER 

ENGINEERING 
Units/Areas	 %Crçlete 

Atmospheric Residual 
Desulphurization (ADDS) 	 96 

Hydrogen Recovery (HRC)	 94 
Distillate 

Hydroprocessing (DHU)	 93 
Hydrogen Generation Unit (UGU) 	 91 
Sulfur Block	 47 
Revamps (To Existing Refinery)	 61 
Offsltes and Utilities	 74 
Cumulative (Overall 

Engineering Complete) 	 79 

CONSTRUCTION 
Atmospheric Residual 

Desulphurization (AMOS) 36 
Hydrogen Recovery (HRC) 36 
Distillate 

Hydroprocess lag (DRU) 24 
Hydrogen Generation Unit (HGU) 21 
Sulfur Block 4 
Revamps (To Existing Refinery) 13 
Offsites and Utilities 36 
Cumilative (Overall Construction 

Complete) 30
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SCEPTRE RESOURCES KICKS OFF TANGLEFLAGS 
NORTH PROJECT 

Sceptre Resources Limited held opening ceremonies 
for its Tangleflags North project on October 15, 1987. 
The project, located some 35 kilometers northeast of 
Lloydminster, Saskatchewan, near Paradise Hill 
(Figure 1), involves the first horizontal heavy oil well 
In Saskatchewan (see Pace Synthetic Fuels Report, 
September 1987, page 3-7). 

Production from horizontal oil wells is expected to 
dramatically improve the recovery of heavy oil in the 
Lloydminster region. 

The Tangleflags North Pilot Project Is employing drill-
ing methods similar to those used by Esso Resources 
Canada Ltd. in the Norman Wells oil field of the 
Northwest Territories and at Cold Lake, Alberta. 
Project design data are shown in Table 1. 

Sceptre is acting as project operator for itself and its 
partner, Murphy OH Company Ltd., in the venture. 
The combination of the 500-meter horizontal produc-

tion well and steamflood technology is expected to 
increase recovery at the Tangleflags North Pilot 
Project from less than one percent of the oil in place 
to up to 50 percent. 

The governments of Canada and Saskatchewan are 
providing up to $3.8 million in funding under the 
terms of the Canada-Saskatchewan Heavy Oil Fossil 
Fuels Research Program. 

In developing the Tangleflags project, Sceptre was 
faced with extracting heavy oil lying above a water 
bed (Figure 2). Water beds commonly occur beneath 
Saskatchewan oil reserves, making production by con-
ventional methods difficult since high volumes of 
water, rather than oil, are produced. 

To reduce oil viscosity, Sceptre will inject steam into 
the top of the reservoir through tour vertical wells. 
Since the horizontal well penetrates as much oil 
reservoir as several vertical wells, significant produc-
tion increases over conventional production methods 
are anticipated. Cyclic steam injection was tested in 
late 1985 at Tangieflags, but too much water was 
produced with the oil. Continuous steamfiood will be 
used for the pilot instead, with steam continuously in-
jected high up in the reservoir thinning the oil and 
driving it towards the horizontal well bore. 

The horizontal well drilled at Tangleflags starts verti-
cally and gradually curves 90 degrees to penetrate the 
producing zone for one-half kilometer. 

The Tangleflags project is designed for an early 
production response so that expansion potential can be 
evaluated by 1990. Current estimates indicate suffi-
cient reserves exist in the vicinity of the pilot to 
support commercial development with a peak gross 
production rate of 6,200 barrels of oil per day. 
Project life is estimated at 15 years. 

The Tangieflags pilot, with one producing well in 
place, will produce 300 barrels of oil per day of 
primary production. Once steamflooding is com-
menced (June 1988), and a production response is 
seen, production rates are expected to Increase to 
1,200 barrels of oil per day by the end of 1989. At 
that time a decision will be made with respect to ex-
panding the pilot to a commercial operation involving 
five horizontal wells or more. 

Total pilot cost, including capital, operating and pre-
pilot investment is expected to reach $10.2 million by 
1990. 

Sceptre Resources Limited is an independent oil and 
gas exploration, development and production company 
headquartered in Calgary. Sceptre currently produces 
about 5,500 barrels of oil and liquids per day and 
45 million cubic feet of natural gas per day from 
properties in Western Canada. Sceptre's involvement 
in the Tangleflags field which began in the mid-
1970's, holds significant potential for the company 
and, if successful, would result in significant addi- 
tional oil reserves and production. 
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TABLE 1 

TMGLEVLM3S NORTH PKOJECF DATA 

Total Project Area: 115.3 hectares (285 acres) 
Steamflood Pilot Area: 6.9 hectares (17 acres) 
Site Area: 3.2 hectares (8 acres) 

Production Facilities 
- Tankage for oil storage 
- Tankage for water disposal 
- Electrically driven water disposal pump connected 

to two water disposal wells which are corpleted 
at a depth of 500 meters 

- Free water knock out: pressurized vessel that reliEves 
nmjority of water frcn the oil 

- Final product will be treated in facilities on south 
side of the North Saskatchewan River or hauled 
directly to crude purchaser 

Steam Generation 
- Steam Injected at 1,000 to 1,200 PSI 
- Two generators: one rated for 50 W4BTU/hour, the 

other rated for 25 r.IlBTU/hour. This translates to 
feed requirertnt of up to 4,500 barrels of water 
per day (both generators combined) 

- Water source: North Saskatchewan River 
- Water is filtered and then softened using sodium 

zeolite process 

Special Equipment 
- MeasurenEnt-while-drilling tools: inprove operator's 

control of the well bore path 
- Damhole notors: longer life expectancy lowers 

drilling costs, and casing wear is reduced 
- Uneermnted, slotted liner 
- Intermediate casing cerrented to surface 
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FIGURE 2 

SCHEMATIC OF TANGLEFLAGS NORTH PRODUCTION SCHEME 

3-5	 SYNTHETIC FUELS REPORT, DECEMBER 1987



Fully developed on a commercial basis, the project 	 royalties and taxes and considerable economic ac-
will require a further investment by Sceptre and Mur-	 tivity, primarily in the Lloydmlnster region, over a 
phy of approximately $50 million. 	 The commercial	 projected 15 year life. 
project is forecast to generate over $80 million of

A schedule for the pilot project is shown in Table 2. 

TABLE 2

TAMII.EPLM3S PEWH PROJECT SUIEIIJEE 

Mid-September 1987 Begin Site Work for Production Facilities 
Late September 1987 Begin Drilling Horizontal Well 
October and Construct Production Facilities 

November 1987 
Mid-November 1987 Begin Horizontal Well 	 Production 
February and Equip, Complete and/or Convert Wells for Steam 

March 1988 Injection, Observation, Water Disposal, 	 and Gas 
Supply 

April and Construct Steam Facilities 
May 1988 

June 1988 Begin Steam injection 
December 1988 Steamflood Response Expected, With Oil Rate 

Gradually increasing to Approximately 1,000 
BOPO Between Six and 12 Months Later 

Early 1990 Evaluation of Pilot Project,	 and Decision on 
Possible First Stage of Expansion

AOSTRA PUBLISHES SURVEY OF HEAVY OIL AND 
OIL SANDS PROJECTS 

The Alberta 3i1 Sands Technology and Research 
Authority (AOSTRA) has published its Fifth Annual 
Survey of Experimental Oil sands, Heavy Oil and En-
hanced Recovery Pilot Projects. 

Predictably, in the year since the previous edition of 
this survey, a difficult year for the petroleum in-
dustry in general, heavy oil and oil sand activity has 
declined. One quarter of the projects which were ac-
tive a year ago are no longer operating. 

On the positive side, AOSTRA notes that this cutback 
in activity has been smaller than may have been an-
ticipated given industry conditions and the expense of 
experimental methods. Many of the projects which 
were terminated or suspended were single well 
projects which had been scheduled for rapid comple-
tion	 and	 three	 large	 projects	 passed	 from
"experimental" to "commercial" status. 

The starting point for this survey is the January 
supplement of the Alberta Energy Resources Conser-

vation Boards list of active oil sands, heavy oil and 
EOR (enhanced oil recovery) projects. AOSTRA con- 
tacted all the operators which the Board designates 
"experimental" although several of these operate at 
what may be considered commercial production levels. 
For the purpose of this survey AOSTRA adhered to 
the Board's designation and those which are considered 
commercial and were therefore excluded from the 
survey are: 

Amoco - Lindbergh (Elk Point) 
Dome - Lindbergh 
Dome - Primrose 
Esso - Cold Lake 
Murphy - Lindbergh 
PanCanadian - Lindbergh (Frog Lake) 
Suneor - Primrose 

and the Suncor and Syncrude mining projects. 

Table 1 lists those projects utilizing thermal or other 
techniques applicable to heavy oil and oil sands. 
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TABLE 1 

ACTIVE PILOT PROJECTS IN ALBERTA 

Sector 

ipiatik Lake 
Suffield I 
Athabasca 

Gregoire Lake 

Marie 
Marguerite Lake A 
Wolf Lake 
Allen Buffalo 
Mana t ok an 
Morgan 
Kearl Lake 
Atlee Buffalo 
Morgan 
Archore 
Fisher Creek (new) 
Leming 
May/Ethel 
Boole 
Pelican 
Kit scoty 
Fort Kent 
Wolf Lake 
Kits coty 
Lindbergh 
Morgan (new) 
Provost 
Wildatre (new) 

Countess 
Lindbergh 
llangingstone I 
Hangingstone II (new) 
Hangingstone Ill (new) 
Viking Kinsella 
Fort Kent 
Buffalo Creek 
McLean 
Lindbergh I 
Lindbergh II 
Lindbergh Ill

Technology 

Cyclic Steam 
Wet Combustion 
Underground 

Shaft and Tunnel 
Steaniflood With 

Additives 
Steam Fracture 
Wet Combustion 
Stem 
Cyclic Steam 
Cyclic Steam 
Fireflood 
Steam Drive 
Combination The rnul 
Cyclic Steam 
Steam Drive. 
Cyclic Steam 
Cyclic Steam 
Cyclic Steam 
Steam Stimulation 
Steam and Oxygen 
Cyclic Steam 
Cyclic Steam 
Cyclic Steam 
Therm l Drive 
Cyclic Steam 
Cyclic Steam 
Cyclic Steam 
Electromagnetic 

Heating 
Combination Thermal 
Combination Thernnl 
Cyclic Steam 
Cyclic Steam 
Cyclic Steam 
Oxygen Ccnbustion 
Steam Stirmlat ion 
Cyclic Steam 
Cyclic Steam 
Cyclic Steam 
Cyclic Steam 
Steam Drive 

Upstater 

Mc Oil and Gas Company 

Alberta Oil Sands Technology 
and Research Authority 

Ajmco Canada Petroleum Cct,pany Ltd 

Bow Valley Industries Ltd. 
BP Canada Inc. 

Canada Northwest Energy 
Canadian Occidental Petroleum Ltd. 

Canterra Energy Ltd. 
Dom Petroleum Limited 

Drunmond Oil & Gas Ltd. 
Esso Resources Canada Ltd. 

Gulf Canada Corporation 

HonE Oil Company Ltd. 
Koch Exploration Canada Ltd. 
Mobil Oil Canada, Ltd. 
Mobil -Q 
Murphy Oil Company Ltd. 

Norcen Energy Resources Limited 
Ors Canada Ltd. 

Pancanadian Petroleum Limited 

Petro-Canada Resources 

Suncor Inc. Resources Group 
Unocal Canada Ltd. 

Westmin Resources Limited
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CORPORATIONS 

WORKING GROUP ON LABORATORY STANDARDS 
FOR TAR SANDS HOLDS MEETING 

The UNITAR/UNDP Information Centre for Heavy 
Crude and Tar Sands was created on a recommenda-
tion made at the First International Conference on 
the Future of Heavy Crude and Tar Sands held in 
1981, in Edmonton. Since its creation one of the 
primary activities of the Centre has been the collec-
tion and dissemination of technical information 
through publications, conferences, seminars and work-
ing groups. In the past, the Centre has held working 
groups on the definitions of heavy crude, tar sands 
and natural asphalts among others. However, it was 
felt that a laboratory collaborative study for the 
standardization of methods for characterizing heavy 
crude and tar sands would be of great value to the 
industry. In 1986, It was decided that the first meet-
ing would be held in 1987, with voluntary participa-
tion from those laboratories that were interested in 
the collaborative study. According to the Heavy 
Oiler the first meeting was well attended and the 
study was defined as follows: 

Objective and Scope 

To establish a continuous round-robin program in order 
to evaluate analytical methods and techniques for 
heavy crudes and tar sands characterization and 
laboratory performance. 

The program will provide for: 

- Cross checking analytical data 

- Definition and measurement of laboratory per-
formance 

- Definition of quality standards 

- Evaluation of accuracy and precision of 
laboratory analyses 

- Identification of tests, instrumentation and 
samples which may have detrimental effects 
in obtaining high quality reliable results 

Follow-up meetings will be held after each round of 
tests to review and discuss results and to define fur-
ther action. 

The immediate goal is to present a paper at the 
Fourth international Conference on Heavy Crude and 
Tar Sands in Edmonton, Alberta, Canada, in August 
1988. The paper would describe the program and 
analysis of results. 

Sampling 

It was decided that the crudes to be tested should be 
naphthenic and the following five different samples 
were selected.

Crude	 Source 

Topped Mixture of a	 Amoco (USA) 
Venezuelan Crude 
Approximately 12 0 API 

Cold Lake	 Husky Oil 
"Pipeline Grade"	 (Canada) 

Vacuum Residue	 Englehard 
Approximately 12 0 API	 Corp. (USA) 

Indonesian	 LEMIGAS/ 
"Pipeline Grade"
	

Englehard 
Corp. (Indo-
nesia/USA) 

Topped Venezuelan 	 I NTEVEP/ 
Crude	 Champ lin 

Ref. Co. 
(Venezuela/ 
USA) 

One drum is to be prepared for each sample crude. 
A one liter sample will be sent to all participating 
laboratories. 

Tests to be Performed 

The following tests were suggested for all samples: 

- API Gravity 

- Total Sulfur 

- Total Nitrogen 

- C/H, Carbon and hydrogen 

- Metals: Vanadium and Nickel 

- Simulated Distillation, ASTM proposed method, 
HIP 0.5 percent up to 95.5 percent if possible, 
every five percent in between 

- Viscosity (100 0 , 120 0 9 t40 0 F) 

- Asphaltenes (Cs insoluble) 

- Aromaticity (NMR) 

In addition, for the "pipeline grade" crudes, BS & W 
(Bottom Sediments and Water Content) will be deter-
mined. 
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SUNCOR AND SYNCRUDE RESULTS RELEASED The steady accumulation of unused byproduct coke at 
the two plants Is indicated in Figure 3 for Suncor and 
Figure 4 for Syncrude. Production statistics for synthetic crude oil from oil 

sands by Alberta's two commercial oil sands mining 
and extraction plants are published by the Alberta 
Energy Resources Conservation Board. 

Syncrude production by year through 1986 is shown in 
Figure 1 for the Suncor plant and in Figure 2 for the 
Syncrude plant.
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FIGURE 5 

SYNTHETIC CRUDE OIL 
PRODUCTION AT SUNCOR 
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Production at Suncor was halted on October 11, 1987 
after a fire broke out in the extraction plant. It 
required 25 hours to extinguish the fire, which was 
speculated to have been started by an overheated rol-
ler on a conveyor belt. 

Prior to the fire, Suncor had been headed for a 
record year. The Company's first half results showed 
dramatically improved second quarter earnings of 
$32 million compared to a loss of $15 million for the 
same period of 1986. For the first six months of 
1987, Suncor's profit rose to $55 million from a loss

of $12 million in the 1986 period. Revenues were 
$677 million for the first six months of 1987 com-
pared to $628 million for the same period In 1986. 

Thomas H. Thomson, president and chief executive of-
ficer, said several factors contributed to make this 
Suncor's best first half since 1980.	 "The production 
rates at the oil sands plant were outstanding. The 
plant produced more synthetic crude during the first 
half of 1987 than during any other comparable period 
in its history." 

"Crude oil prices are higher and Suncor Is benefiting 
from improved markets for petroleum products," said 
Thomson. "At the same time, expenses have been 
reduced throughout the company." 

Daily production during the first half of 1987 was 
61,291 barrels, 12 percent higher than a year ago. 

It is apparent that both the Suncor and the Syncrude 
plants have achieved dramatic Improvements in their 
cost of operations. Suncor reports that operating 
costs were reduced from C$33.50 In 1985 to C$17.50 
In 1986, declined to less than C$15.00 for the first 
half of 1987, and had been expected to fall another 
one to two dollars. In U.S. dollar terms, this repre-
sents about $11 per barrel. 

Syncrude, meanwhile, has reported its current operat-
ing costs to be even lower than Suncor's--about 
C$15 per barrel, down from C$18 for 1986. In U.S. 
dollar terms, Syncrude expects to be able to get 
below $10 per barrel in operating costs. 

GULF CANADA NOTES CONTINUED OPPORTUNITIES 
IN OIL SANDS 

Gulf Canada Resources Limited in its Annual Report 
dated September 21, 1987, notes that In addition to 
its involvement in conventional oil in Western Canada, 
Gulf also has significant opportunities for growth —
including both short-term and long-term opportunities 
for additional production —in the Alberta oil sands. 

The company's major Involvement in the oil sands is 
through Its 9.03 percent interest In Syncrude. Gulf is 
a founding partner in the project. 

In 1986, Syncrude moved to reduce costs to offset 
lower oil prices. One measure to reduce capital ex- 
penditures was the decision to delay completion of 
the Capacity Addition Project (CAP) by one year, to 
1988. CAP, which was 54 percent complete overall 
at year-end 1986, will increase Gulf's share of total 
Syncrude capacity to about 13,500 barrels per day. 

Syncrude also managed to reduce direct operating 
costs by 15 percent from the previous year, and con-
tinued to make Improvements in t987. 
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Planning and engineering for a further major plant 
expansion is also under way. This expansion could 
add another 7,000 barrels per day to Gulf's share of 
Syncrude production by the mid-1990s.

struction approval for a $325 million expansion of its 
Cold Lake heavy oil recovery project, which will 
result in a need for increased pipeline capacity. 

Gulf also has interests in other oil sands properties. 
It has a 52 percent and 20 percent interest, respec-
tively, in the Sandalta and Other Six Leases Operating 
Agreement (OSLO) properties, either of which could 
be brought on stream as mineable oil sands prospects 
in the 1990s, if economic conditions warrant. 

The company also continues to support and develop 
technology that might be applied to its resource base 
to enhance its worth. Two examples are the 
RTR/Gulf extraction process used to extract bitumen 
from oil sands, and the Donor Refined Bitumen (DRE) 
upgrading process used to upgrade bitumen and heavy 
oil to synthetic crude. In 1986, a lower-cost, en-
vironmentally preferable system of waste disposal was 
developed for the RTR/Gulf process. Work also con-
tinued on development of the DRH process. Tests 
were conducted on Athabasca bitumen at a research 
refinery in Lyon, Prance, and commercial viability 
assessments were carried out in 1987. 

MAXWELL PARTNERSHIP TO MINE UTAH TAR 
SANDS 

According to proceedings before the Utah Division of 
State Lands, James Maxwell owns operating rights 
upon the top 500 feet of earth leased under Mineral 
Lease 41160. James and Jack Maxwell, doing business 
as Maxwell Development Partnership, intent to com-
mence mining for tar sands under this lease. They 
have flied an approved plan of operations with the 
Division, and staff has set a bond requirement of 
$15,000 to assure compliance with the plan and with 
all other terms and conditions of the lease. 

ALBERTA ENERGY REPORTS INCREASED HEAVY 
OIL PIPELINE FLOWS 

Alberta Energy Ltd. reports that six-month throughput 
on the Cold Lake Heavy Oil Pipeline averaged 
116,000 barrels per thy compared with 80,000 barrels 
per day in 1986. Construction of a new $6 million 
pump station at Hollis was virtually completed. 
Start-up of this technologically advanced, variable-
speed pumping unit will increase the capacity of the 
bitumen blend line by almost 50 percent, to 
185,000 barrels per day. The line is the main system 
for moving heavy oil from Cold Lake to Edmonton. 
Esso Resources Canada Ltd. recently announced con-

First-half 1987 throughput for the Alberta Oil Sands 
Pipeline, which transports Syncrude production to Ed-
monton, averaged 135,000 barrels per thy compared 
with 114,000 barrels per day in the prior period. 
Relocation of a 13-mile section of pipeline near the 
Syncrude plant site was completed on schedule and 
below budget. 

AEC Pipelines is participating in a joint venture to 
demonstrate and develop an oil-in-water emulsion 
technology which could prove to be a viable alterna-
tive to using condensate diluent in the pipeline 
transportation of heavy oil. The joint venture plans 
to spend about $2 million in 1987 for the initial trials 
of a demonstration program to evaluate this new 
TRANSOIL technology (see Pace Synthetic Fuels 
Report, September 1987, page 

DOME ACCEPTS TAKEOVER BID BY AMOCO 

Dome Petroleum Ltd. accepted a takeover proposal by 
Amoco Canada Petroleum Company, Ltd. after Amoco 
Canada raised the amount to be paid to Domes 
lenders and shareholders to about C$5.5 billion. 

Amoco Canada had raised the acquisition price 
$500 million from its original offer. 

Dome Chairman H. Macdonald said the company 
'remains in a precarious financial position' despite 
improved financial results in the third quarter of 
1987. The improvement does not reflect any fun-
damental change in Dome's situation, Macdonald said. 

Amoco Canada's new offer for Dome set a deadline 
for binding consent by Dome's secured lenders at 
January 31, 1988. 

In the new offer, secured lenders who are owed a to-
tal of $3.4 billion will receive an average of 
95.4 percent of the principal outstanding, compared 
with 88.5 percent in the original offer. 

Unsecured lenders, who are owed $2.1 billion, will get 
45 percent, up from 35 percent. 

About $800 million of Dome's debt will continue to be 
paid in accordance with original loan terms. 

Dome or Amoco Canada can terminate the agreement 
if secured lender consents are not received by the 
deadline or if the takeover is not completed by June 
30, 1988. 
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GOVERNMENT 

DOE SMALL BUSINESS INNOVATION PROGRAM 
ISSUES TAR SANDS SOLICITATION 

The United States Department of Energy's Office of 
Small Business Innovation Research has issued a 
Program Solicitation, closing January 22, 1988, for in-
novative methods and concepts that will allow more 
efficient, effective, economical, and environmentally 
acceptable enhanced oil recovery (EOR) and recovery 
of syncrude (bitumen) from tar sands. Research in-
volving tar sands Is sought in only the following 
subtopics: 

New Processes for Fluid Diversion - In recovery 
processes for oil and tar sands, one of the major 
problems is the preferential flow of injected fluids 
through high permeability layers causing the bypassing 
of lower permeability, oil containing zones, thus 
reducing recovery efficiency. Novel processes are 
sought that will effectively alter relative per-
meabilities and direct the injected fluids toward low 
permeability, oil containing regions. These processes 
should control injected fluid without plugging zones of 
low or medium permeability. In addition, proposals 
are invited for development of techniques that modify 
and control the relative permeabitittes surrounding 
producing wells so as to increase oil production rela-
tive to the efflux of brine and injected fluids. 

Innovative Tracking of Flood Fronts in Recovery 
Processes - Methods are sought that will enable track-
ing of injected fluids in chemical, miscible, and ther-
mal recovery processes. Tracking may be ac-
complished through measuring properties of reservoir 
fluids to detect injected fluids or through measure-
ments of saturation changes (oil, water, gas or 
additives). Presently, the means of detecting flood 
fronts is through sampling of produced fluid and/or 
logging at observation wells drilled at intervals from 
the Injection wells. Methods or processes that can 
make these measurements at the surface, without 
drilling additional wells, are especially desirable. 

Improved Recovery Effectiveness in Heavy Oil and 
Tar Sand Reservoirs - Two of the most difficult 
problems in the recovery of heavy oil and tar sand 
bitumen from reservoirs through the use of injected 
fluids are: (1) low displacement efficiency and (2) low 
volumetric sweep efficiency (areal and vertical) when 
a low-miscibility fluid, such as steam In steam flood-
ing or air in in situ combustion, is used. New ap-
proaches such as a combination of steam flooding and 
In situ combustion with other processes are sought to 
accomplish more effective displacement of the heated 
heavy oil or bitumen. Also, new ideas are needed for 
surface extraction processes for the recovery of tar 
sand bitumen or heavy oil. 

Biological Conversion of Fossil Energy Resources - 
Types of resource modifications may Include, but are 
not limited to, conversion of fossil energy resources 
to liquid or gaseous fuels, viscosity reduction of high

viscosity materials, and release of organic materials 
bound in inorganic matrices, such as kerogens bound 
in oil shales. All fossil energy resources are of in-
terest under this subtopic; i.e., coal, natural gas, 
heavy oils, tar sands, and oil shale. Microorganisms, 
enzymes, or other products of microorganisms that 
have the ability to modify the structure of fossil 
energy resources and result in a fuel form that is 
more amenable to processing or utilization are sought. 
Biocntalysts in nonaqueous systems are especially in-
teresting. Proposals are solicited for research on the 
biochemical mechanisms by which these conversions 
occur. 

Program Awards in 1987 

Two proposals related to tar sands and heavy oil 
received Small Business Innovation Research Program 
Phase I awards of $50,000 each as a result of the 
1987 solicitation. They are described in the follow-
lag. 

A Novel, Insulated, Double-Walled Tube Design for 
Thermally Enhanced Oil Recovery - Carbotek, Inc., 
Houston, Texas. A novel, double-walled, vacuum-
insulated tube Is planned for efficient transmission of 
hot water or steam for enhanced thermal recovery of 
heavy oil from deep oil reservoirs. This design im-
proves the structural reliability while providing Im-
proved thermal insulation having a low manufacturing 
cost. Phase I of this program involves the detailed 
analysis, design, and optimization of the tubing. A 
plan will be prepared for the testing necessary to 
prove feasibility and manufacturing techniques. This 
test and development plan will then be Implemented 
in Phase U. 

Successful development of this technology should 
provide reliable, efficient, economical insulated 
tubulars for enhanced oil recovery systems using vary-
ing amounts of steam or hot water with temperatures 
up to 700 0 F. 

High Efficiency Tar Sam! Oil Recovery - Energy 
Recovery Technology, Naperville, Illinois. The Coun-
ter Current Solid Streams Heat Transfer (CCSSIIT) 
retort is a new process for efficient oil recovery 
from tar sands and oil shale reserves. The CCSSIIT 
unit is a single vessel rotating kiln that (1) preheats 
ore, (2) retorts the ore, (3) generates procesA heat 
from the coke combustion, (4) cleans the coke from 
the sand; (5) recovers the heat from the clean sand, 
and (6) cools the oil vapor to avoid oil coking. These 
six functions, all regulated by the kiln and stream 
flowates, provide a simple, efficient, and low cost 
process. Besides producing clean cool ash, the system 
Is also ecologically attractive for use with carbonate 
ores such as oil shale because it generates less 
alkaline ash than other processes. 

Based on rotary fluidization, the CCSSUT retort is 
expected to operate nearly as effectively as gas 
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fluidization. Oil recovery Is expected to exceed that 
of ash recycling systems by more than 20 percent. it 
enables high efficiency heat recovery from ash In a 
new approach that avoids the need for capital-
intensive boilers and power generators. The Phase I 
study will (1) construct.a batch reactor (two to eight-
pound sample size), which will process an element of 
ore through the stages of heat-up, retorting, coke 
combustion, and coot-down,	 thus simulating the

CCSSHT continuous-process unit; (2) investigate condi-
tions contributing to high oil yield; (3) investigate the 
performance of the CCSSHT concept with a variety 
of ores; and (4) generate heat transfer data for the 
design of a process development unit. During Phase 
U the performance of the CCSSHT continuous-flow 
retort will be demonstrated in a one to five ton per 
day process development unit. 
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ENERGY POLICY AND FORECASTS 

SHORTAGE OF REFINING CAPACITY FOR 
CANADIAN HEAVY OIL AND BITUMEN PREDICTED 

Speaking at the Petroleum Society of CIII 38th An-
nual Technical Meeting in Calgary, Alberta, Canada, 
C. M. Todd of Amoco Canada Petroleum Company 
Ltd. outlined the factors pointing to a shortage of 
refining capacity for Canada's heavy crudes in the 
199013. 

The complexion of the Canadian oil industry will 
change rapidly in the next ten years as a dramatic 
increase in heavy oil production replaces dwindling 
conventional oil reserves. This sharp rise in Canadian 
heavy oil production will result In unique demands on 
the downstream sector of the industry. Downstream 
concerns specifically include a potential diluent 
shortage, pipeline capacity restrictions and availability 
of markets. 

Potential solutions including upgrading and others must 
be viewed from the producer's perspective. The 
Issues are large in scope and practical solutions may 
take years to develop. Significant planning and tech-
nical creativity, as well as cooperation among 
producers and with the downstream sector, will be 
required in order to resolve the issues. The heavy oil 
producer must be prepared to address the key 
downstream questions if heavy oil development is to 
proceed. 

With the decline of conventional crude oil reserves In 
Canada, Alberta's large reserves of heavy oil and 
bitumen are becoming increasingly attractive. Al-
though the recent price collapse has had a dampening 
effect on many producers' current operations, Todd 
said that the overall prospect of heavy oil develop-
merit has not been severely impacted. Technology 
advancements (along with moderate price gains) are 
expected to result in attractive economics for many 
large heavy oil projects by the early 1990s. Based on 
current Energy Resources Conservation Board (ERCB) 
forecasts (Figure 1), bitumen production levels are 
projected to reach over 400,000 barrels per day by 
the year 2000, an ambitious expansion from current 
levels of approximately 100,000 barrels per day. A 
review of existing, planned and potential projects 
demonstrates that such expansion is likely (Table 1). 

Thus, in the space of little more than ten years, the 
nature of Alberta's oil industry will change dramati-
cally (Figure 2). Conventional light and medium 
crude oil from Alberta will decline from over 
850,000 barrels per day in 1986 to less than 
400,000 barrels per day In 2000 (a 55 percent 
decline).	 Conventional heavy oil and bitumen will 
move	 from	 a	 current	 production	 level	 of
210,000 barrels per day to 500,000 barrels per day (a 
140 percent Increase).	 Heavy oil will become the
cornerstone of Alberta's oil industry moving into the 
21st century. Such a dramatic swing in production 
will have tar-reaching impacts on all aspects of the 
Canadian oil industry.

TABLE 1

SUWARY OF ALBERTA HEAVY OIL PIWJECFS 

Expected Peak 
Project Production 

Esso Cold Lake 150,000 BPD 
BP Wolf Lake 40,000 BPD 
Shell Peace River 40,000 BPD 
Dom Primrose 25,000 BPD 
Suncor Burnt Lake 25,000 BPD 
Lindbergh (5 Projects) 50,000 BPD 
Expansion of Existing Pilots 50,000 BPD 
New Projects 20,000 BPD

Total	 400,000 BPD 

The Diluent Shortage 

Before heavy oil can be transported, its viscosity 
must be reduced. In Canada, the primary means of 
viscosity reduction used is dilution with gas conden-
sate. Condensate supplies are limited, however, and 
increasing demands for diluent caused by rising heavy 
oil production are expected to soon exceed available 
supplies. In the absence of upgraders, demand for 
diluent will reach approximately 200,000 barrels per 
day by the year 2000 (Figure 3).	 This will exceed
the available supply by over 125,000 barrels per day. 
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Alternate viscosity reduction methods will be required 
for 65 percent of bitumen and heavy oil production. 

Due to the long lead time and high capital cost, 
upgrading is not expected, by Todd, to be the im 
mediate answer to the industry's diluent shortage. lie

estimates that up to seven full-scale upgraders the 
size of that proposed by Husky would be required to 
alleviate the shortage. Instead, upgrading will serve 
on a project-specific basis to aid individual companies 
with viscosity reduction. 

Pipeline Capacity Limitations 

Most of the heavy crude and bitumen produced In 
Canada Is exported to northern United States markets. 
The Interprovincial Pipe Line (IPL) system Is the main 
pipeline used to reach these markets. IPL originates 
in Edmonton and accesses refining centers in Min-
nesota, Chicago, Sarnia and Montreal. 

An alternative to IPL is the TransMountain Pipeline. 
TransMountain is a smaller system moving from Ed-
monton to Vancouver and the Puget Sound area of 
Washington, where it is possible to access tankers for 
overseas shipment. TransMountain does not normally 
transport heavy crude. 

Another alternative Is via Rangeland Pipelines, a 
small system which accesses refineries in Montana. 
Since 1985, Imperial has shipped some heavy crude to 
Montana via this system. 

The total volume of Alberta and Saskatchewan 
blended heavy crude is expected to exceed 
800,000 barrels per day by the year 2000. Some of 
this heavy crude will be processed in western 
refineries and upgraders. External transportation will 
still be required for approximately 675,003 barrels per 
day of blended heavy oil. It is likely that tip to 
50,000 barrels per day will be transported in Ran-
geland and TransMountnin Pipelines, leaving a total of 
625,000 barrels per day for transport in IPL. 

In order to resolve capacity restrictions, IPL in 1985 
embarked on a three-phase expansion program. 
Blended heavy oil capacity will be increased to be 
approximately 400-500,000 barrels per day. By 2000, 
this capacity will probably be somewhat higher, as 
decreased light crude supplies will make room for 
some heavy production. However, a capacity shortfall 
of at least 100,000 barrels per day is still expected 
(Figure 4). And if Beaufort Sea production begins 
before 2000, the shortfall will be even greater. 

Limited Refining Capacity 

Of the forecasted supply of 800,000 barrels per day 
of Canadian blended heavy crude, western Canadian 
refineries and upgraders are expected to consume 
125,000 barrels per day, eastern Canadian refineries 
50,000 barrels per day and western United States 
markets a further 50,000 barrels per day. This leaves 
o total of 575,000 barrels per day for export to tradi-
tional United States Northern Tier markets by the 
year 2000. 

The traditional market for Canadian heavy is basically 
made up of tour Northern Tier refineries: Koch at 
Pine Bend, Minnesota; Amoco at Whiting, Indiana; 
Mobil at Joliet, Illinois; and Union at Lemont, Illinois. 
These refineries have on estimated combined coking 
capacity of 134,000 barrels per day and an asphalt 
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capacity of 95,000 barrels per day. This leads to an 
estimated blended heavy oil capacity of approximately 
400,000 barrels per day.

Thus Todd computes that increasing Canadian heavy 
oil production is expected to saturate existing markets 
by the mid-1990s. This will result in an oversupply 
of Canadian heavy oil which will lead to lower prices 
(wider heavy oil differential). 	 The oversupply could
be as much as 175,000 barrels per day by the 
year 2000. As the heavy oil differential widens, 
refiners in traditional markets will undertake debot-
tlenecking projects which may reduce the oversupply 
by up to 50,000 barrels per day. Additional price 
drops would likely result in construction of a pipeline 
to Wood River, Illinois and the processing of up to 
100,000 barrels per day of Canadian heavy at that 
location. At the same time, investment on Trans-
Mountain Pipeline will likely occur, which would allow 
the shipment of an additional 50,000 barrels per day 
to Pacific Rim markets. 

These actions should be enough to handle the over-
supply situation. Unless heavy oil production Is even 
higher than forecast, the heavy oil price differential 
will probably not increase to such a level as to make 
grassroots investment In upgrading (either in Canada 
or traditional United States markets) attractive. 
Upgrading projects in Canada may proceed if addi-
tional incentives are available (such as a severe con-
densate shortage, security of supply concerns or sig-
nificant government incentives). 
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ECONOMICS 

ECONOMICS OF DOWNIIOLE STEAM GENERATORS 
DEPEND ON FLUE GAS BENEFITS 

Downhole steam generators are an emerging technol-
ogy for the in situ recovery of oil sands. The major 
advantage of downhole steam generation Is that It 
eliminates both surface and wellbore heat losses. In 
addition, the downhole injection of the combustion 
gases can create the advantages of a steam plus addi-
tive process. 

The economics of downhote steam generation were 
discussed in a paper by Nouyen, Singh and Wong at 
the 38th Annual Technical Meeting of the Petroleum 
Society of CIM. 

Steam is conventionally produced in oil field steam 
generators. They differ from industrial boilers in 
their ability to produce low quality steam from saline 
water with mineral treatment. They can endure rapid 
load changes and provide unattended operation. They 
may be either skid-mounted or completely portable. 
Finally, they can utilize a wide range of fuels, Includ-
ing lease crude oil. In Alberta, natural gas Is the 
primary fuel source for steam generators. These gen-
erators create less pollution problems than the 
California generators which burn lease crude. 

Downhole steam generators (DSGs) have been 
developed because steam generated in conventional 
surface boilers suffers Its large heat losses as it flows 
through the surface piping and down the weilbore. 
Heat lost In the wellborn can be significant In the 
case of deep wells. The DSG can eliminate surface 
and weilbore heat losses. In addition, the reinjection 
of combustion gases with steam In some DSGs may 
provide some of the advantages observed in steam 
plus additive processes.

A comparison of the advantages and disadvantages of 
DSG was given by the authors as shown in Table 1. 

The various downhole steam generators which have 
been developed are listed In Table 2. Of the eleven 
DSG designs listed, six were tested either at the 
wellhead or downhole in an actual producing field. 
They were the Sandia, Roeketdyne, Coreo, Sullair, 
Vapor Energy and Enhanced Energy systems. The 
remaining five reported "simulated field tests", 
"surface tests" or "tests at an unnamed field". 

Sandia National Laboratories, which ran Project 
DEEPSTEAM reported that corrosion In their field 
tested units would be a persistent problem for long 
term running unless better materials are found. 
Roeketdyne indicated that its generator Is 
"commercially viable" following tests at a Texaco well 
in California although the unit was reported to be 
much more expensive than a conventional boiler. The 
effect of combustion gases on oil production was un-
determined. 

Corco's Initial tests involved cyclic steam stimulation 
at Kern Riven Oil production was reported to in-
crease by many times. The Sullair field test suffered 
a severe setback. Its IOFDSG (indirectly-fired 
downhole steam generator) was lost when the tail pipe 
corroded. Vapor Energy claimed complete success in 
field testing Its propane fueled DFDSG (directly-fired 
downhole steam generator) at Shell's Kern River field. 
Enhanced Energy systems reported that its generators 
were reliable tools under oil field conditions. Their 
tests were conducted at the Wilmington Field, 
California, In San Joaquin Valley, California and in 
Medina County, Texas. 

TABLE 1

ADVANTAGES AND DISADVANTAGES OF IXW4UOLE STEAM GENERATORS 

Advantages Disadvantages 

1)	 Elimination of Heat Losses 1) Limited Flexibility	 in Steam 
Stimulation Process 

2)	 Reduction of Air Pollution 2) Maintenance Problems Associated 
With Downhole Generators 

3)	 Potential for Deeper Steaming 3) Gas Override in Reservoir From 
Injection of Combustion Gases 

4)	 General Applicability 4) Combustion Control Problems at 
High Pressures 

5)	 Enhanced Oil Recovery:	 Additives 5) Corrosion and Packer Problems 
Effects Downhole 

6)	 Low Capital Requirements/No Built 6) High Compression Costs 
in Overcapacity
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TABLE 2 

LTh*4WtE STEAM GENERATORS 

Output 
Name Types (a) Fuels (W4BTIJ/hr) 

Enhanced Energy DF Natural Gas, 9 
Systems Lease Crude 

Foster Miller DF No.	 2 Fuel Oil 5-10 
Rocketdyne DF,	 IDF Methanol, 4,	 11.4,	 23 

No.	 2 Fuel Oil 
Sandia OF Propane, 4.5 

Diesel 
British Pulsed Methane, 23 

Petroleum Kerosene 
Corco OF No.	 2 Fuel Oil 7.16 
Eng Inc. N/A N/A N/A 
Hi-Ko Electric Electricity 1-2 
Mohtadi OF Methane 2 
Sullair IDF No.	 2 Fuel Oil 3.75,	 7.5,	 15 
Vapor Energy OF Propane 5

OF = Direct Fired 
IOF = Indirect Fired 

All the field tests reported above are of short dura-
tion, the longest being "several months". A number 
of technical problems were unresolved. Corrosion 
seems to be the most severe and common problem 
among nil DSGs. However, more recent designs have 
apparently minimized this problem. 

Equipment Costs 

The authors note that detailed equipment cost data 
are rarely reported in literature. When available, its 
quality may vary from actual vendor quotes to "off-
the-cuff" estimates.	 Costs vary with location and 
time. Locational factors include the price and 
availability of fuel, water and other raw materials, 
pollution standards, proximity to population centers, 
and the well characteristics. Temporal factors in-
clude technological improvements, effect of inflation 
and the general state of the economy. 

Most of the United States data were published in 
1980-1982. In the paper these were updated to 1985 
dollars. 

Because conventional oil field steam generators are an 
established technology, the cost data should be fairly 
reliable.	 A cost of between $7,000-$10,000/(million 
BTU per hour) is a satisfactory range.	 Canadian
costs are higher, due to local factors. 

Downhole steam generators are an emerging technol-
ogy. The cost data thus are largely conjectural, and 
are subject to a wide variation. Based on the data 
available, the capital cost of the DSG alone will 
probably be in the range IJS$2,800$8,700/(milliOn BTU 
per hour).

Other major costs which ,nust be considered aret 

- Water treatment costs 

- Crude treatment costs If lease crude is used 
as DSG fuel 

- Combustion gas treatment costs depending on 
local environment 

- Site preparation and foundation 

- Installation 

- Piping, valves and structurals 

- Pumps and ancillaries 

- Insulation 

- Air separation (for 02/diesel) 

Steam Generator Comparative Economies 

It is difficult to provide a fair comparison between 
the DSG and surface steam generation since one is 
comparing an emerging technology with that of an es-
tabLished technology. 

Using the lowest cost for net heat to the 
payzone as the criterion, DSG proponents claim DSG 
Is competitive at high steam injectivities and deeper 
reservoirs.	 Surface generators with insulated tubing
are better at shallower depths and lower injectivity. 
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Using the cost per barrel of oil produced as the 
criterion, one study indicates that DSG and surface 
generation are comparable in shallow reservoirs. in 
deep reservoirs, 050 holds a substantial cost advan-
tage. Another study concludes that DFDSG is 
cheaper than portable —conventional but more expen-
sive than stationary —conventional steam generation. 
However, if the CO 2 injection resulted in a 
100 percent Improvement in oil/steam ratio, the cost 
for DSG would be drastically reduced. 

On the other hand, a study from opponents to DSG 
technology indicates that, on an equivalent net heat 
injection into the reservoir, the 050 approach is 
$200-$500,000 costlier than a conventional boiler with 
Insulated piping/tubing. 

An independent study on the feasibility of DSG ap-
plication In Canada used the annualized steam gener-
ation costs criteria to suggest that steam costs for a 
gas-fired 050 would be twice that of a gas-fired 
conventional once-through boiler. 

All the above studies were preliminary and generic in 
nature. In order to arrive at an honest conclusion, 
the authors felt that a site-specific process economics 
study was necessary. In order to establish economic 
criteria for the use of USC in Canada, specifically in 
Alberta, a hypothetical field operation In Cold Lake 
was selected. An economic model developed at the 
Alberta Research Council was used. 

The supply price for the oil was used as the basis for 
comparison between different steam generators. 
These prices are not absolute and may depend on the 
chosen productionprofile. 

The hypothetical project would produce 10,000 barrels 
of bitumen per day over a life of 20 years. Reser-
voir depth is 2,000 feet. A steam drive process was 
selected and steam (air for 050) is injected at 
1,500 psi. All produced water must be treated and 
recycled.

The following cost assumptions were made: 

- Infrastructure for a 10,000 barrel per day 
bitumen plant, $10.9 million 

- Surface steam generator, $18,500/(million BTU 
per hour) 

- Water treatment plant, $25,900/(million BTU 
per hour) 

- DSG (Corco type) including air compressors 
(unit compressor cost: $75 0/hp), 
$77,600/(million BTU per hour) 

- Drilling and completion, $240,000 per well 

- Well operation, $22,500 per well per year 

- Natural gas price, $2.00 per million cubic feet 

- Diluent and bitumen handling, $1.50 per barrel 

To evaluate the economics of USC versus surface 
steam generation, five different cases were developed. 
Case 1 Is a base case where steam is generated using 
conventional surface steam generators. Case 2 repre-
sents a DSG case where there is no flue gas effect. 
Steam delivered to the sand face is the same for 
case 1 and case 2; hence, the production profile 
would be the same. The capital cost of a 050 in-
cluding air compressors Is about 4.2 times higher than 
a conventional surface steam generator. Cases 3, 4 
and 5 represent USC cases with different assumptions 
on flue gas effects - increasing OSR (oil steam ratio) 
100 percent, 50 percent and 33 percent respectively. 

Comparisons were made on the basis of supply price, 
which represents a break-even price which must be 
received to recover all operating costs and capital 
costs as well as realizing a 10 percent rate of return 
on the capital used. Supply prices for the five cases 
are shown in Table 3. The general conclusions drawn 
in the study are: 

TABLE 3

SUPPLY PRICES FOR PR(IXJCn) OIL 

Supply 
IncrcflEn- Price 

Case Description OSR tal	 0511 $/BBL 

1 Surface Steam Generation 0.13 Base 23.6 2 DSG (No Flue Gas Effect) 0.13 Base 29.3 
3 DSGt - Flue Gas Effect 1 0.26 +100% 17.8 
4 DSO2 - Flue Gas Effect 2 0.20 +50% 20.7 

05W - Flue Gas Effect 3 0.18 +33% 23.2
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Without any beneficial effect of flue gas, sur-
face steam generation is much more economi-
cal than USG. This Is primarily due to the 
high air compression cost for USG. 

If the effect of flue gas Is to increase OSR 
by 100 percent, DSG Is much better than sur-
face steam generation. Case 5 represents the 
break-even point. In other words, If the ef-
fect of flue gas is to increase 0511 by 
33 percent then the economics of USC and 
surface steam become comparable.

- The oil recovered in a steam flood project 
was calculated, taking into account heat losses 
in the weilbore and to adjacent formations. 
Surface heat losses were shown to be insig-
nificant. Oil recovery was calculated using a 
modified M arx-Langenhei m model. 

- The oil recovered in an in situ combustion 
project was calculated based on laboratory 
combustion tube and field operating data. Oil 
recovery was calculated using the Gates and 
Ramey oil recovery—volume burned method. 

- The oil recovery schedules and thus cash flows 
for a project were optimized for both tech-

iS iS iS iS niques. The economic evaluation was based 
on a standard discounted cash flow analysis to 
calculate a net present value (or net present 
worth), 

SUPRI COMPARES ECONOMICS OF IN SITU 
COMBUSTION WITH STEAM INJECTION 

A recent report from the Stanford university 
Petroleum Research Institute, SUPR1-TR-56 is devoted 
to calculating the relative economics of in situ com-
bustion and steam injection for the thermal recovery 
of heavy oil. 

The study first attempts to predict the oil recoveries 
for the two thermal recovery methods. The Marx and 
Langenheim model was used to determine the ultimate 
oil recovery in a steam-injection project, while the 
Gates and Ramey oil recovered volume burned model 
was used to determine the oil recovery for an in situ 
combustion project. Second, on economic analysis 
using the Monte Carlo simulation technique was done 
for both methods. A discounted net present value 
calculation showed that both methods are economi-
cally competitive. 

While both steam injection and in situ combustion will 
enhance ultimate recovery, the contrasting natures of 
the two processes entails greatly different costs and 
cost-patterns. Steam injection is more energy 
intensive —water must be heated at the surface to 
generate high-quality steam, necessitating the use of 
steam generators with their attendant fuel, feed-water 
treatment, maintenance, and operating costs. There 
are also heat losses accompanying the entire 
operation: in the generator, in the surface lines, in 
the wellbore, and to adjacent rock formations from 
the heated reservoir. In contrast, in situ combustion 
requires the treatment and compression of the In-
jected air.	 In general, in situ combustion projects 
require higher initial capital costs but lower operating 
costs than steam floods. One study concluded that 
the energy requirements per barrel of oil produced 
from typical California heavy oil operations are two 
or more times greater for steam injection than for in 
situ combustion. 

Study Approach 

The purpose of the SUP RI study was to evaluate the 
potential of steam injection versus in situ combustion. 
The study was accomplished by the following steps:

- The method was applied to the South Beiridge 
field using reservoir and operating data from 
the published literature. 

Net Present Value 

The discounted net present value (at 15 percent) for 
combinations of injection rates and pattern sizes were 
calculated from steam injection (Figure 1) and in situ 
combustion (Figure 2).

FIGURE 1 

SUPRI NET PRESENT VALUE FOR
STEAM INJECTION 
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FIGURE 2 

SUPRI NET PRESENT VALUE FOR 
IN SITU COMBUSTION 
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The highest average net present value (NPY) for 
steam Injection was obtained with a combination of 
20-acre spacing and a 1 9 000 barrel per day Injection 
rate. The mean NPV is 133 million dollars, and has a 
standard deviation (based on 50 runs) of 90. 

The highest net present value for in situ combustion 
was obtained with a combination of 20-acre spacing 
and an Injection rate of 7.5 million standard cubic 
feet per day. The mean NPV is 80 million dollars, 
and has a standard deviation of 55. The fuel used is 
gas. Using gas-fueled compressors generates the 
highest net present value. The highest values within 
a given pattern size are generally seen at low injec-
tion rates. The cumulative probability functions show 
cases of high injection rates that showed a few net 
losses (I.e., negative net present values).

Comparing the results shows that steam injection 
gives a generally higher average net present value 
than in situ combustion for the conditions used in this 
study. However, the efficiency factor for the steam 
injection model was set a 1.0 for these calculations. 
This Is not realistic. A lower efficiency, such as 33 
to 38 percent would lower the total oil recovery and 
the net present value for steam injection. For nearly 
all cases, the in situ combustion results show a higher 
relative variance than the steam Injection results. 
There are two reasons for this. First, the number of 
compressors for any given pattern size is far greater 
than the number of steam generators required. For 
example, the 20-acre pattern at maximum injection 
rates requires 54 compressors but only five gener-
ators. This directly affects the calculation of initial 
investments: the In situ combustion projects have a 
higher capital investment. Second, and lass impor-
tantly, the operating costs used for an Injection well 
in an in situ combustion project are about one-and-
one-half times the costs for a steam flood. These 
factors combine to give a larger relative spread of 
the resulting values. 

The authors state that many of the cases considered 
are clearly not practical or real. Results also appear 
to contradict current results from in situ combustion 
and steam injection. 

An important factor neglected in this study Is injec-
tivity. Increasing the rate and pattern area requires 
an Increase In injection pressure for both processes. 
High pressure can have a dramatic effect on steam 
injection that is not observed in in situ combustion. 
High pressure requires high temperature for two-phase 
steam and thermal efficiency drops rapidly. This 
causes a rapid drop in present worth as injection rate 
increases for steam Injection. 

The study concludes that In situ combustion Is 
economically competitive with steam injection as an 
alternative thermal recovery method. If evaluation of 
a reservoir indicates that both methods are techni-
cally feasible, then projected cash flows should be ob-
tained under a number of operating parameters for 
both thermal methods. Given the proper input 
parameters, it should be possible to determine which 
method will yield the highest return. 	 However, in 
Pace's opinion, the obvious shortcomings of the 
results presented make It unlikely that the study will 
prove of significant value to the industry. 
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TECHNOLOGY 

BITUMEN FROM TAR SANDS COULD MAKE 
SUPERIOR ROAD ASPHALT 

The Tar Sand Subcommittee of the Enhanced 
Recovery Committee of the Interstate Oil Compact 
Commission met at Coeur d'Alene, Idaho in June. 
The	 subcommittee	 heard	 a	 presentation	 by
J. C. Petersen of Western Research Institute on the 
use of United States tar sands for road asphalt. 

Thus far, the commercial application of tar sand 
bitumen as a paving material in the United States has 
been limited to the direct use of the tar sand as a 
surfacing material. Tar sands from the Asphalt 
Ridge, Utah, deposit are quarried and blended with 
dry sand to pave county roads, parking lots, and 
driveways. Petroleum asphalt is added to limestone 
tar sands from the Uvalde, Texas, deposit to prepare 
a paving material. Through the 1930's, crushed tar 
sand from the Santa Rosa, New Mexico, deposits were 
used to pave roads, streets, and airport runways as 
far away as Seattle, Washington; and during the 1940's 
tar sands from deposits in Utah, California, and Ken-
tucky were quarried for application as paving 
materials. These tar sands as obtained from quarries, 
however, do not meet existing specifications as a 
highway construction material. 

Tar sand asphalts prepared from different material 
sources and by different recovery methods were dis-
cussed by Petersen. They are 1) an asphalt prepared 
from sandstone deposits near San Luis Obispo, 
California (Edna), and recovered using a light oil-
assisted, hot (alkaline) water separation process; 2) 
two asphalts recovered by a similar process from 
Utah tar sand deposits near Price (Sunayside) and 
Vernal (Asphalt Ridge), Utah; 3) two asphalts prepared 
from bitumen recovered during the Laramie Energy 
Technology Center's United States Department of 
Energy (DOE) in situ combustion project (TS-2C) con-
ducted at Utah's Northwest Asphalt Ridge deposit; and 
4) two asphalts prepared from bitumen recovered 
during the Laramie Energy Technology Center's DOE 
in situ steamflood recovery project (TS-13), also con-
ducted at the Utah Northwest Asphalt Ridge deposit. 

Asphalt Properties Used fair Specifying Paving 

Paving asphalt specifications, which have evolved over 
the years, deal with easily measured asphalt 
properties that define suitability for use in paving 
mixtures. Consistency measurements (e.g., viscosity 
or penetration) are probably the most important 
primary specifications. They are important in deter-
mining the properties of the paving mixture during 
preparation and during pavement construction as well 
as the properties of the finished pavement. Many 
Important performance properties of paving asphalts 
such as long-term durability and factors related to 
pavement moisture damage are not adequately defined 
by standard specifications.	 Thus, additional special 
tests are often necessary.	 However, these special

tests have not been standardized for use in current 
paving technology. 

Although each state or local unit may impose unique 
restrictions or modifications regarding specifications, 
general specifications have been adopted at the na-
tional level. 

Petersen presented data on tar sand asphalts prepared 
by distillation of oils it necessary, to meet consis-
tency specifications (penetration or viscosity) followed 
by the measurement of other propertiei to compare 
with those of specification petroleum asphalts. 

Tar Sand Asphalts from Hot Water Process 

The properties of the three tar sand asphalts 
recovered by the hot water process (from tar sand 
deposits in Edna, California, and Sunnyside and Vernal, 
Utah) were compared with the properties of three 
petroleum asphalts prepared from different crude oil 
sources. The consistency of all three petroleum as-
phalts was 80 penetration at 77 0 F; penetration values 
of the Edna, Sunnyside, and Vernal tar sand asphalts 
were 80, 84, and 84, respectively. Both viscosity and 
penetration measurements at temperatures other than 
770 F for the tar sand asphalts compare favorably 
with those of the petroleum asphalts and fait within 
the normal range of variability expected for materials 
from different sources. 

Results of the ash determinations, spot tests, and loss 
on heating measurements for the tar sand asphalts, 
however, were different than for the petroleum as-
phalts. The ash content of the tar sand asphalts (0.5 
to 2.0 percent) was considerably higher than that of 
the petroleum asphalts. 

Loss on heating data were obtained from a test in 
which an asphalt film was exposed to the atmosphere 
at 325 0 F for a specified period of time. The test 
detects asphalts with volatile components that might 
be lost both during the hot mix operation and possibly 
during the service life of the pavement. Volatile loss 
leads to undesirable hardening of the asphalt. The 
asphalt also hardens from air oxidation during the 
test. Both the Edna and Sunnyside tar sand asphalts 
showed relatively high volatile loss compared with the 
petroleum asphalts. This loss undoubtedly contributed 
to the relatively high drop in penetration for the tar 
sand asphalts (80 to 66 and 84 to 57) during the loss 
of heating test. 

Tar Sand Asphalts from in Situ Steacuflood 

The properties of two tar sand asphalts prepared from 
bitumen obtained by in situ steamflood which meet 
the consistency requirements of AC-5 and AC-30 
paving asphalts were compared with ASTM specifica-
tions for the corresponding grades of petroleum as-
phalts. The tar sand asphalts easily met both sets of 
specifications. A high 770 F penetration value (223) 

3-22	 SYNTHETIC FUELS REPORT, DECEMBER 1987



for the tar sand AC-5 asphalt suggests that it has a 
low temperature susceptibility in the lower tempera-
ture range. This property could be desirable since it 
often relates to better pavement resistance to low-
temperature cracking. A relatively high ductility 
(105) for the AC-30 tar sand asphalt also suggests the 
potential for good low temperature flow properties. 

Tar Sand Asphalts from In Situ Combustion 

Two tar sand asphalts prepared from bitumen obtained 
by in situ combustion were prepared to AC-10 grade, 
one by vacuum distillation and the other by flash 
evaporation. Ash contents of these asphalts were 
high at near five percent. Both asphalts showed rela-
tively high 77 0 F penetration values of 196 and 208 
compared with the minimum of 70 and 60 in the 
ASTM specifications. Penetration values measured at 
39.2 0 F were also relatively high, indicating a softer 
asphalt at lower temperatures. Softening points of 
the asphalts, on the other hand, were relatively high, 
Indicating greater resistance to flow at somewhat 
higher temperatures. 

Viscosity data at 275 0 F show that the viscosity tem-
perature susceptibility of the tar sand asphalts was 
relatively high at high temperatures. This Is 
evidenced by a relatively low viscosity (below 
specifications) in this temperature region. This tem-
perature region is used during mixing and pavement 
laydown. 

Finally, the results of the thin film oven test show 
that both tar sand asphalts lost weight on heating as 
a result of volatile loss, while the petroleum asphalt 
showed negligible loss. 

Temperature Stwceptibflity of Tar Sand Asphalts 

The susceptibility of asphalt to physical property 
change with varying temperature is an important 
performance-related variable. In general, a high sus-
ceptibility to a change in consistency with tempera-
ture is undesirable because this can lead to unstable 
pavements at high temperatures, which may deform or 
rut; and to highly brittle pavements at low tempera-
ture, which may crack from thermally-induced stress. 
The temperature susceptibilities of the tar sand as-
phalts were computed by a number of different 
methods and compared with corresponding calculated 
data for several petroleum asphalts. The results of 
these calculations are shown in Table 1. 

The viscosity temperature susceptibility through the 
temperature range of 140 0 F and 275 0 F is shown by 
data in the first two line entries of Table 1. Greater 
numerical values indicate greater temperature suscep-
tibility. In general, data for the tar sand asphalts 
were similar to data for the petroleum asphalts, ex-
cept for the two in situ combustion asphalts which 
showed higher temperature susceptibilities. According 
to Petersen, the possibility exists that the high 
mineral fines contents of these asphalts may con-
tribute to the increased viscosity temperature suscep-
tibility of these asphalts in the high temperature 
range.

In summary, the tar sand asphalts, except for the two 
in situ combustion asphalts, showed similar tempera-
ture susceptibilities to petroleum asphalts. The two 
in situ combustion tar sand asphalts, on the other 
hand, seemed to have greater temperature suscep-
tibility In the higher temperature range and lower 
temperature susceptibility in the lower temperature 
range. 

Aging Chanetertsthm of Tar Sand Asphalts 

Age-hardening of asphalts in pavement service. 
primarily from reaction of the asphalt with atmos-
pheric oxygen, is a major factor contributing to 
reduced durability, poor performance characteristics, 
and a shortened service life of asphalt pavements. 
Petersen's data suggest that some tar sano asphalts 
might exhibit better than usual aging characteristics. 
Data in Table 2 show the properties of the two Utah 
in situ steamflood asphalts and four petroleum as-
phalts before and after being subjected to the thin 
film accelerated aging test (TFAAT). The TFAAT 
was specifically designed to match, In the laboratory, 
the level of oxidative aging and the level of volatile 
loss normally experienced by an asphalt in a typical 
pavement after 10-15 years of service. In the test, a 
thin asphalt film (0.16 millimeters) is exposed at 
235° F to air under conditions of restricted volatile 
loss for a period of 72 hours, followed by recovery of 
the asphalt for evaluation. Because volatile loss is 
controlled, data obtained on asphalts from this test 
should be more indicative of actual pavement aging 
than data obtained from the thin film oven test in 
which volatile loss Is significantly greater than that 
which occurs during pavement service. 

From the viscosity data in Table 2, the log viscosity 
increase on aging and an aging Index (viscosity after 
aging divided by viscosity before aging) were calcu-
lated and are reported in the table. As seen in the 
table, the viscosity increase of the tar sand asphalts 
on aging was significantly lower than the viscosity in-
crease of the petroleum asphalts. The aging index 
data also suggest superior aging characteristics for 
the tar sand asphalts. The reduced hardening rate, 
together with favorable ductility In aged tar sand as-
phalts suggest that tar sand asphalts should exhibit 
excellent durability in pavement service. 

Asphalt-Aggregate Mixes From Tar Sand Asphalts 

Asphalt pavement mixtures were prepared in the 
laboratory using the two TS-2C in situ combustion as-
phalts and the laboratory standard petroleum asphalt. 
The laboratory mixtures were prepared using graded 
gravel and limestone aggregates which met specifics-
tions for paving mixtures. The wet and dry strengths 
of standard specimens fabricated from these mixtures 
are shown In Table 3. Tensile strengths of dry mix-
tures prepared using the petroleum asphalt were 
higher than those prepared from the tar sand asphalt; 
however, this Is not unexpected because of the higher 
Initial viscosity of the petroleum asphalt. Values for 
the mixture prepared from the tar sand asphalt are 
acceptable. Of particular significance, however, are 
the tensile strengths of the specimens after soaking in 
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TABLE 1 

COMPARISON OF TEMPERATURE SUSCEPTIBILITIES OF TAR SAM) ASPHALTS
WITH PKILflJM ASPHALTS 

Parameter 

VTS2 , 3 (140, 275°F) 
60, 135°F) 

VTS4 , 3 (210, 275°F) 
( 99, 1350C) 

VTS5 , 3 (77, 1400F) 
(25, 60°C) 

Penetration Ratio6,7 

Penetration Index8,7 

Pen/Vis Number9,7

Petroleum 
Tar Sand Asphalts Asphalts 

Sunny- TS-2C TS-2C 
Edna, side, Vernal, TS-1S TS-1S Vac Flash Lab 
Calif. Utah Utah (AC-5) (Ac-30) Resid Resid Standard 

-- -- -- 3.68 3.77 4.22 4.23 3.45 

3.57 3.00 3.42 -- -- -- --

-- -- -- -- -- 3.50 3.52 3.61 

17.5 27.4 17.2 -- -- 28 31 22 

-0.92 0.28 -0.74 -- -- 4.3 3.7 -1.4 

-1.05 0.49 -1.27 -- -- -1.20 -1.20 -0.10 

1 Parameters calculated from data in	 and (3); methods of calculation found in	 (3) 
2 Viscosity temperature susceptibility,	 calculated from viscosities at 140 (60) and 275°F (1350C) 
Greater numbers man greater temperature susceptibility 
Viscosity temperature susceptibility,	 calculated from viscosities at 210 (99) and 275 0 F (1350C) 
Viscosity temperature susceptibility, 	 calculated from viscosities at 77 (25) and 140°F (600C) 

6 Calculated from penetrations at 39.2	 (4) and 77 0 F (250C) 
Lower numbers man greater temperature susceptibility 
Calculated from penetration at 	 77 0 F (25 0C) and softening point,	 OF 
Calculated from penetration at 	 77 0F (25 0C) and viscosity at 275°F (1350C) 

TABLE 2 

AGING CHARACTERISTICS OF ASPHALTS AGED USING THE THIN PlEat 
ACCELERATED M3l?C TEST (TFAAT)1 

Tar Sand Asphalts Petroleum Asphalts 
TS-1S TS-1S Asphalt A Asphalt H 
(AC-5) (AC-30) AC-5 AC-20 AC-5 AC-20 

Viscosity, 2 Unaged 4.59x102 2.11x103 6.81x102 2.53x103 5.14x102 2.53x103 

Viscosity, 2 Aged 5.68x103 1.74x104 9.02x104 1.79x106 1.65x104 4.44x105 

Aging Index 3 12.4 8.3 132 708 32 175 

Log Viscosity Increase 2.09 1.92 3.07 3.85 2.51 3.24 
on Aging

Test run at 235°F in which both the level of oxidation and volatile loss are controlled to 
match 10-15 years of pavement aging 

2 Complex dynamic shear viscosity, measured at 140°F 
Viscosity after aging divided by viscosity before aging 
Log viscosity after aging minus log viscosity before aging 
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TABLE 3 

wgr AND DRY STRRUTU PROPERTIES OF LABORATORY PAVEMENT
MIXTURES PREPARED FREW TAR AND SAND ASPHALTS 

Tensile Strength Tensile 
Strength 

Asphalt Aggregate Dry After Soak Ratio 

TS-2C Gravel 70 100 1.43 
Vac Resid Limestone 85 120 1.41 

TS-2C Gravel 70 73 1.04 
Flash Resid Limestone 85 110 1.29 

Petroleum Gravel 110 100 0.91 
Lab Standard Limestone 150 90 0.60 

water for seven days at 68 0 F. All specimens 
prepared using tar sand asphalts actually Increased in 
strength alter exposure to water, while the specimens 
prepared using the petroleum asphalt decreased In 
strength. The relative differences In strengths of the 
wet and dry samples are shown in the table as tensile 
strength ratios. Tensile strength ratios for the tar 
sand asphalt mixtures ranged from 1.04 to 1.43 com-
pared with values of 0.91 and 0.60 for the petroleum 
asphalt mixtures. 

Most petroleum asphalt pavement mixtures lose 
strength when wet. In fact, poor pavement perfor-
mance from the detrimental effects of moisture Is a 
major problem in most parts of the country. Further 
confirmation of the ability of tar sand asphalts to 
produce asphalt-aggregate mixtures with superior 
resistance to moisture damage Is shown by the test 
results In Table 4. In the test, small briquettes are 
prepared from asphalt-aggregate mixtures in which a 
uniform aggregate size Is used to allow water to 
easily penetrate the briquette and also to maximize 
the effect of the asphalt-aggregate adhesive bond 
properties on briquette stability. These briquettes are 
submerged in water, suspended on a stress pedestal, 
and subjected to freeze-thaw, warm water-soak cy-
cling until the briquettes fail from cracking. In the 
study from which the results In Table 4 were taken, a 
moisture-sensitive limestone aggregate was used. 
Note that the briquettes prepared using the four 
petroleum asphalts failed in from one to seven 
freeze-thaw cycles. However, briquettes prepared 
using the two tar sand asphalts failed only after 10 
and 14 repeated freeze-thaw cycles. Results of this 
test using other materials have shown a fair correla-
tion with results of moisture tests on laboratory mix-
tures and with field pavement results. 

Ca,clusiens 

The data discussed by Petersen show that tar sand 
bitumens have good potential for use in highway 
pavements that meet today's performance require-
ments. No deficiencies In the tar sand asphalts were 
found that would be expected to seriously affect per-

formance. On the other hand, the data indicate that 
some tar sand asphalts may have superior aging 
characteristics, being relatively resistant to oxidative 
age hardening compared with typical petroleum as-
phalts. Asphalt-aggregate mixtures prepared using 
two tar sand asphalts also showed acceptable strength 
properties and excellent resistance to moisture-induced 
damage. 

TABLE 4 

SUSCEPTIBILITY OF ASPHALT-AIJ3RWaTE BRIQUETS 
10MM SWBE- IM)U() DAMAGE 

Asphalt3
 Freeze-Thaw Type Cycle to Failure 

B2959 Petroleum 1 
B-3036 Petroleum 2 
B-3051 Petroleum 7 
B-3602 Petroleum 2 
TS-2C Vac Resld Tar Sand 14 
TS-2C Flash Resid Tar Sand 10

CHEVRON PATENTS TAR SANDS EXTRACTION 
PROCESS 

United States Patent number 4,676,889, "Solvent Ex-
traction Process for Recovering Bitumen From Tar 
Sand," has been issued to C. Richard Hsieh and Roger 
K. Clifford and assigned to Chevron Research Com-
pany, San Francisco, California. it discloses a process 
whereby bitumen recovered from tar sand by direct 
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solvent extraction followed by washing of the sand 
tailings with countercurrent solvent flow and a 
solvent/aqueous phase separation step to recover sol-
vent and residual bitumen. 

The invention uses an organic solvent to recover most 
of the bitumen from tar sand. The mineral residue is 
washed in several washing steps which recover the 
solvent and any bitumen remaining with the mineral 
residue. By passing the solvent recovered from each 
wash stage back to a preceding stage, a countercur-
rent solvent flow In relation to the movement of the 
mineral residue is established which beneficiates the 
bitumen and solvent continuously forward in the 
process. 

The invention is said to be especially suitable for use 
with tar sands containing little or no connate water, 
sometimes called oil wet tar sands. The process is 
also claimed to be particularly advantageous when the 
tar sand contains significant amounts of fine clay par-
ticles. In processes using water extraction, both the 
bitumen and clay tend to form a colloid which is dif-
ficult to separate. In the new process, most of the 
fines become concentrated in the aqueous phase of 
the water/solvent separation step during cleanup of 
the mineral residue. Most of the bitumen has already 
been removed along with the majority of the solvent 
prior to this phase separation step. As a result very 
little bitumen, usually less than five percent of the 
total bitumen recovered, passes through this stage. 
This small amount of bitumen and the relatively high 
concentration of the fines simplifies the separation of 
the residual bitumen fraction. 

Figure 1 Is a schematic diagram Illustrating the basic 
process. Tar sand is crushed and ground in a mill or 
other suitable grinding device. Unlike many conven-
tional processes, such as those using flotation, the tar 
sand need not be ground to a very small size to 
separate the sand grains and release the bitumen. 
Generally a particle size up to about one-fourth inch 
Is suitable for use in this process. Following grinding, 
the tar sand goes to a mixer-separator. Solvent 
suitable for reducing the viscosity of the tar sand 
may be added either during grinding in the mill or in 
the mixer-separator. Sufficient solvent must be added 
to cause a significant deterioration of the tar sand 
particles due to the loss in adhesive force of the 
bitumen. Optionally, hot water or steam may be 
added via conduit 32 to further reduce the viscosity 
of the bitumen/solvent phase. 

Following	 thorough	 mixing of	 the	 tar sand and the 
solvent, the mixture Is allowed to physically separate 
into	 a liquid	 and	 solid phase.	 The	 solvent and 
bitumen are drawn off the	 mixer-separator and pass 
to the solvent recovery system, which may be a dis-
tillation column.	 The recovered solvent	 is recycled 
via	 12 back to mixing with additional fresh tar sand 
feed.

The south phase consisting of mineral residue, water, 
residual bitumen and solvent is carried to the wash 
stage. Solvent carried by conduit 18 is used to wash 
the residue. The solids are separated from the liquid

in much the same manner as in the preceding stage. 
The separated organic liquid which is mostly solvent 
and some bitumen is carried by 20 back to the mixer 
separator. The solids will contain most of the water 
from the previous stages and some solvent. This 
residue passes to a phase separation stage which 
recovers the remaining solvent and bitumen. The 
preferred method of carrying out this step is by froth 
flotation. The solvent recovered is sent back to the 
wash stage via 18. The mineral residue and some 
water are removed at the bottom. The majority of 
the water is sent to a hot water or steam generator 
via 30 and recycled to the mixer-separator via 32. 

Detailed Description 

Figure 2 illustrates one preferred method for carrying 
out the invention. The raw crushed tar sand is 
carried to a semi-autogenous mill 104. In the mill, 
solvent is added at a ratio of about 2.5 parts of sol-
vent to one part of bitumen. In the mill the tar 
sand is ground to a maximum particle size of about 
one-fourth inch and then carried to mixer-separator 
110. Additional recycle solvent Is added. Steam is 
also added to the mixer-separator from steam boiler 
114. As the tar sand granules disintegrate, the sol-
vent and bitumen will form an organic liquid phase 
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which will separate from the water and mineral com-
ponent of the tar sand. This solvent/bitumen phase is 
drawn off and carried to settling tank 120. The 
sediment may be drawn off and centrifuged or dried 
to recover additional solvent. The solvent/bitumen is 
carried to an upgrading unit 124 which consists of a 
coker and an accompanying fractionation tower which 
is used to recover solvent for recycle back to the 
mill 104. 

The solids recovered from the mixer-separator 110 are 
recovered as underf low and carried to a first washing 
stage 128. A wash liquid is added to the incoming 
undertlow. The wash liquid consists primarily of 
solvent/bitumen recovered from the second washing 
stage 132. However, some water will also be present 
In the wash liquid. The solids/water phase is allowed 
to settle from the bitumen/solvent phase in the first 
wash stage 128. The bitumen/solvent Is drawn off 
and recycled back to the tar sand entering the mixer-
separator 110. The solids and water phase are 
withdrawn at the bottom and pass to the second 
washing stage 132. Additional fresh solvent used to 
wash the residue is added from an external supply. 

In the second washing stage 132, the solvent phase is 
withdrawn with any dissolved bitumen and becomes 
the wash liquid for recycle to the first washing stage. 
The solids and water are recovered at the bottom and 
sent to a scavenger float tank 140 where residual 
solvent/bitumen is removed by froth flotation. The 
float fraction, i.e., solvent/bitumen, is carried to a 
centrifuge 144 where additional fines are removed. 
The cleaned solvent may be recycled to the second 
wash step 132. The solids removed by the centrifuge 
pass to a drier 148 where additional solvent may be 
recovered and recycled. The sink fraction from the 
flotation tank is carried to thickening tank 152 where 
the solids are separated from the water by settling. 
Thickeners may also be added to agglomerate the 
solids which are removed and mixed with solids from 
the drier 148. The mineral residue, mostly sand, 
passes to a tailing pond or other appropriate disposal 
site. Water recovered from the thickening tank 152 
Is recycled to the steam generator 114. 

In the process most of the bitumen and solvent are 
removed from the tar sand in the mixer-separator 
stage 110. The wash stages and flotation step serve 
only to recover residual bitumen andsolvent left with 
the underf low from the mixer-separator stage. The 
process, by recirculating the wash liquid from sub-

sequent steps, concentrates the organic material in 
the opposite direction from the solids/water phase. 
Thus a countercurrent solvent/bitumen - water/solids 
system is established. By the time the tailings un-
dergo froth flotation in the flotation cell 140 very 
little bitumen and only a small amount of solvent 
remain. This eliminates a significant problem found 
in some processes where an emulsion is formed in the 
flotation cell which is difficult to break. In the 
present process so little bitumen remains that separa-
tion is not a significant problem. The solvent 
recovered by flotation may contain colloidal water 
but, since this liquid is simply recycled as wash liq-
uid, the presence of water is not a problem. 

The solvent employed for lowering the viscosity of 
the bitumen may be any organic solvent wh4ch is not 
miscible with water and is capable of dissolving the 
bitumen. Kerosene has been found to be a par-
ticularly useful solvent. The solvent may be mixed 
with the tar sand initially either In the grinding step 
or in the mixer-separation stage. It has been found 
that addition of at least four percent by weight of 
solvent during the grinding of the tar sand is advan-
tageous since the solvent aids In the break-up of the 
tar sand particles. Higher levels of solvent addition 
usually translate into improved grinding. Therefore 
solvent additions of two or three parts of solvent to 
one part of bitumen are usually preferred. 

An advantage of the process is that the 
solvent/bitumen mixture recovered from the mixer-
separator stage may be passed directly to a coking 
step with only minimal treatment to remove some 
fines. The coking step as shown in Figure 2 may be 
used to recover the solvent for recycle back into the 
process. Unlike many processes, this solvent/bitumen 
mixture contains very little water and may be passed 
directly to the coker. 

In carrying out the process, more than 80 percent of 
the bitumen is recovered in the mixer-separator stage. 
If conducted according to Figure 2, in excess of 
95 percent of the bitumen is recovered with the over-
flow steam from the mixer-separator. The tailings 
recovered from the froth flotation cell will contain 
less than one percent bitumen. Thus the process is 
claimed to be a highly efficient system for recovery 
of the bitumen. 
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FIGURE 2 

DETAILED PROCESS FLOW SCHEME 
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BUREAU OF MINES REVIEWS BOREHOLE SLURRY 
MINING FOR OIL SANDS 

The United States Bureau of Mines, Twin Cities Re-
search Center, has issued a new report (111-9101) on 
borehole (slurry) mining of coal, uranium, oil sands 
and phosphate ore. The report does not present any 
new experimental data, but reviews the developmental 
work carried out from 1974 to 1980 and presents 
some economic calculations. 

Borehole mining, also known as slurry mining, is a 
process in which a toot Incorporating a water-Jet cut-
ting system and a downhole slurry pumping system are 
used to mine minerals through a single borehole 
drilled from the surface to the buried mineralized 
rock. Water Jets from the mining tool erode the ore 
to form a slurry. The slurry flows into the inlet of a 
pump at the base of the tool. The material is lifted 
to the surface in a form suitable for pipeline transfer 
to a mill or processing plant. 

Borehole mining, says the Bureau, appears to be a 
likely prospect for the near future, it offers a num-

bar of important advantages over conventional open 
pit and underground mining methods, and It can 
access mineral deposits that presently are not mined 
because of technical or economic difficulties. This 
method can achieve essentially immediate production 
because there is no need to drive openings to and in 
a proved ore body to prepare it for mining. In con-
trast, conventional mining methods require from three 
to five years before production and return on invest-
ment can be expected. 

The fragmentation and transportation systems are in-
corporated into a single machine that is remotely 
operated from the surface by a two- or three-person 
crew, thus eliminating health and safety problems in-
herent to underground mining. The environmental dis-
turbance Is minimal and short term, no overburden Is 
removed, and subsidence can be avoided. Ore frag-
mented by the water Jet is brought to the surface in 
slurry form and thus is ideally suited for low-cost 
pipeline transport. Crushing and grinding costs would 
be minimal since the ore is reduced to grain size by 
the Jet stream. The slurries would be an ideal feed 
for onsite milling operations. 	 Tailings from the 
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processing plant operations could be pumped into the 
mined-out caverns to control subsidence and reduce 
waste disposal problems. 

In 1979, the Bureau of Mines and Flow Industries 
demonstrated the technical, economic, and environ-
mental feasibility of hydraulic bore-hole mining of 
shallow oil sands. Flow Industries performed this 
work on a site in Kern County, near Taft, California 
in the Midway Sunset Oil Field. This test 
demonstrated that the borehole mining technique was 
an environmentally compatible method for mining oil 
sands.	 The experiment measured production rate
along with the environmental impacts. 

Mining was conducted from July 25 to August 24, 
1979. During the operation, 994 tons of oil sands was 
extracted from two holes. The mining rate ranged 
from 0 to 45 tons per hour with an overall average 
of 14 tons per hour. 

One major complication was encountered during the 
operation. The borehole became filled with rocks 
that accumulated at the base of the mining tool be-
cause they were prevented from entering the slurry 
pump by a screen over the inlet. The mining tool 
was unable to penetrate this pile of rocks. Mining 
had to be terminated in each borehole when the pile 
got so high that the jet could not be lowered below 
the casing (110 feet). The addition of a crusher to 
the mining tool would prevent the rocks from 
obstructing the tool. 

Ground subsidence is possible in borehole mining 
operations. To evaluate it, a series of surveys col-
lected information on changes in ground elevation at 
the site. Surveys were performed to obtain baseline 
evaluations before mining, weekly during the project, 
and 30 days after the mining stopped. 

The project site was subdivided into a grid, and the 
relative elevation of each of the grid points was 
measured weekly. An average land subsidence of one-
quarter to three-eights of an inch occurred as a 
result of the mining. This subsidence increased with 
time and decreased with distance from the center of 
the boreholes. 

This field test showed that borehole oil-sand mining Is 
technically feasible and that the environmental Im-
pacts are minimal.

Parameters relevant to the Bureau of Mines tool used 
at the Taft, California test site are ore thickness 
(25 feet), overbearing thickness (125 feet), and 
average mining rate (14 tons per hour). Another 
analysis was performed by the Bureau for a 
hypothetical borehole mining system. This system 
would have a faster average mining rate (40 tons per 
hour) than the Bureau of Mines system and would be 
used at a site having an ore thickness of 200 feet 
and an overburden thickness of 200 feet. 

The initial capital investment and operating cost of 
the two borehole mining systems are summarized in 
Table 1. The first column shows the results for the 
Bureau of Mines tool (14 tons per hour) with the sell-
ing price adjusted to give a discounted dash flow-rate 
of return (DCFROR) of 20 percent. The second 
column gives results for the hypothetical tool at a 
mining rate of 40 tons per hour with the selling price 
adjusted to give a DCFROR of 20 percent. 

The Bureau determined the sensitivity of DCFROR to 
various mining parameters including cavity radius, ore 
thickness, overburden thickness, ore grade, and 
average mining rate. 

It was shown that the sensitivity results do not vary 
with grade and that good rate of return values are 
possible with moderate improvements in ore grade. 
There was also insensitivity to cavity radius over 
30 feet, ore thickness over 100 feet, and overburden 
thickness under 400 feet. Ore grade (Figure 1) has a 
large effect on the economics, as does the mining 
rate (Figure 2). If an ore body exists with a grade 
higher than 0.75 barrels per ton, it could be mined 
very profitably at 40 tons per hour or more. 

The Bureau concludes that the borehole mining field 
tests of oil sands demonstrated the technical 
feasibility of the remote extraction of oil sands 
through boreholes, but the rates at which these fuels 
were produced were too low for commercial viability. 
The test demonstrated the need for developing 
borehole mining equipment that will allow higher 
productivity. 
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TABLE 1

COST SUMMARY OF OIL-SAND MINING 

Bureau of Hypothet-
Mines Tool Ical Tool 

Initial Capital Cost	 Items,	 ions: 
Separation Plant 30,000 30,000 
Borehole Mining Units (Number) 75,000 27,000(18) 
Working Capital 27,638 15,676 
Exploration 2,000 2,000 
Slurry and Water Lines 750 270 
Miscellaneous 5,000 5,000 

Total Capital Cost 140,388 79,945 
Operating Cost Items, 	 $/bbl: 

Reservoirs and Site Preparation .24 .24 
Drilling 2.93 .91 
Mining: 

Payroll 7.78 2.80 
Payroll Benefits 2.33 .84 
Payroll Overhead 3.11 1.12 
Fuel 3.03 1.09 
Maintenance Supplies 4.55 1.64 
Misc. Operating Supplies .73 .73 

Ore Transportation .80 .80 
Separation Plant 7.00 7.00 
Tailings Disposal 3.00 3.00 

Total Direct Cost 35.50 20.17 
Indirect Cost	 Items,	 $bbl: 

Local Taxes and Insurance 1.37 .78 
Royalty Payiients 4.69 2.66 
Federal Incorie Tax 8.56 4.83 
Deprecitation 8.51 4.84 

Total	 Indirect Cost 23.13 13.11 
Profit After Taxes (for DCFHOR of 

20 pct),	 $/bbl 8.37 4.72 

Total	 (Selling Price) 67.00 38.00
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FIGURE 1 

OIL-SAND MINING: RETURN ON
INVESTMENT VERSUS ORE GRADE 
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FIGURE 2 

OIL-SAND MINING: RETURN ON
INVESTMENT VERSUS MINING RATE 
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ELECTRICAL PREHEAT PROMISING FOR IN SITU 
OIL SANDS RECOVERY 

In 1983/84 the Alberta Oil Sands Technology and Re-
search Authority (AOSTRA) began a study of the in 
situ electromagnetic heating of Athabasca oil sands. 
Results of that work were recently published in the 
AOSTRA Journal of Research. 

During the project, which was termed the Electric 
Preheat Pilot Studies (EPPS) communication paths in 
the oil sand were electrically preheated at 60 Hz, and 
subsequent recovery of the oil was achieved by steam 
and hot water drives in an array of inverted seven-
spot patterns. The potential technical performance of 
a field pilot was modeled, and a forecast of the 
economics of a commercial operation was developed. 

The in situ recovery of oil from the Athabasca oil 
sands is hindered primarily by the high viscosity of 
the reservoir oil at the in situ temperatures of 10 0 C 
to 15 0 C. A principal goal, then, of many in situ 
recovery techniques is to raise the reservoir tempera-
ture so as to decrease the viscosity of the oil and 
permit its subsequent displacement from the host 
formation. 

Generally there is great difficulty in establishing 
communication paths between wells, and further, In 
the case of steam displacement, there is a tendency 
for the injected steam to override the section of the 
deposit that is to be heated. 

Several proposals for raising the reservoir temperature 
suggest the use of electromagnetic energy. 011 sand 
Is electrically conductive at low frequency primarily 
because of the water held in the formation. When 
two or more electrodes of suitable polarity are placed 
in or near an oil sand formation, low frequency cur-
rent can be forced to flow through the interconnected 
water paths in the oil sand. Heat generated by dis-
sipation of electrical power along these filamentary 
water paths is rapidly transferred to the surrounding 
bitumen and to the sand matrix. 

According to the authors, such a scheme is attractive 
for several reasons. No fluid is injected, so the low 
Initial injectivity of oil sand is not a problem. Also, 
poor heat transfer via thermal conduction Is not a 
hindrance because the formation is heated from 
within. By choice of placement of the electrodes in 
the formation, considerable control is available over 
the path taken by the current and over the tempera-
ture profile that will result in the oil sand. Thus, 
the temperature profile can be tailored to provide a 
heated path for a subsequent recovery mechanism, 
such as a steam and hot water drive. 

The use of electromagnetic energy to heat an oil sand 
formation has often been dismissed In the past. It 
has frequently been stated that electromagnetic 
energy Is more costly than the same amount of 
energy In the form of steam. Also it has been 
pointed out that capital costs are incurred that would 
not have to be borne if a steam and hot water drive 
were to be the sole recovery mechanism. However, 
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deposition of electromagnetic energy in the formation 
can be closely controlled, so that electromagnetic 
energy is more effectively utilized than energy in the 
form of, say, steam. Furthermore, most recovery 
mechanisms are more efficient If a well-located ini-
tial communication path exists between injection and 
recovery wells. An electrically heated path can serve 
as the basis for establishing such an initial com-
munication path. 

Electrode Array 

The researchers found that the shales bounding the 
oil-bearing zone are of considerable significance in 
the recovery mechanism. Shale has an electrical con-
ductivity that is much higher than that of the oil 
sand, and the shale layers play a major role in shap-
ing the pattern of current flow in the formation. As 
well, being of low permeability, the shale Layers serve 
to confine fluid flow during the steam and hot water 
drive. 

It was recognized early in the study that a steam and 
hot-water drive is particularly efficient in recovering 
oil from the formation if an initial communication 
path between injection and production wells can be 
established low In the oil bearing formation. A plan 
view of the electrode array is shown in Figure 1. 
The electrodes are arranged in a line grid, with alter-
nate lines being positively or negatively excited. The 
spacing between lines is 87 meters, while the spacing 
between electrodes in any given line is 25 meters. 
The electrode placement is shown in elevation in 
Figure la. Electrodes In one line are placed in the 
underlying shale and are designated as "low" 
electrodes. Electrodes in the next adjacent line are 
placed in the average oil sand and are designated as 
"high" electrodes. The rows of positive and negative 
electrodes are therefore "staggered" in a vertical 
same. 

At the end of the electric preheat period one quarter 
of the electrode well-bores are recompleted as steam 
injectors or oil producers (Figure lb), and then the 
remainder of the electrodes, which at that point are 
superfluous, are sealed and abandoned. 

The "staggered electrode" placement was selected to 
ensure that the richest oil sand lies entirely between 
electrodes of opposite polarity. This being the case, 
the current flowing between electrodes is forced to 
pass from the average oil sand through the rich oil 
sand and into the bottom shale layer as suggested in 
Figure la (or vice versa). The rich oil sand presents 
the largest resistance to this current flow, and con-
sequently dissipates more electrical energy than either 
of the other two layers. 

Current is delivered to the "staggered electrodes" via 
the well-bore casings which are assumed to be 
electrically isolated from the formation. Such isola-
tion could be effected by running an exterior casing, 
the length of the well-bore, of an insulating material 
such as fiberglass, or by bonding or wrapping of 
fiberglass tape to the casing as it is lowered into the 
well-bore. Each electrode consists of the bottom five 
meters of casing, which Is perforated and exposed to
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the formation. 

A numerical simulator was used to model the electri-
cal heating of the formation. in the simulation, the 
formation was electrically heated at 60 Hz for a 
period of one and one-half years at a constant cur-
rent of 200 amperes per array element, which cor-
responds to a total current of 400 amperes at each 
electrode. As the formation increased in temperature 
during this time, its resistance decreased by a factor 
of almost three, and hence the interwell potential dif-
ference and the power supplied to each array element 
decreased by the same factor. This method of 
electrode excitation, rather than excitation at con-
stant voltage or at constant power, tends to lead to 
the shortest preheating times while avoiding the 
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FIGURE 2 

EPPS CUMULATIVE OIL-STEAM RATIO 

00 

0.e  

0.7 
2 

en 
g 0.s 

U 

I:: 
0.2 

0.; 

00
0 10	 20	 30	 40	 SO	 60	 70	 60 

RECOVERY	 i%Ori;inoI Oil 4, Piece) 

II 
II 
II 'I 
it 
I' 
I	 ' 
I	 '

Esciediag 
U.ctrlc.l Energy 

N

Including 
citical Energy

problems of electrode overheating and the flashing to 
steam of the formation water or brine surrounding the 
perforated electrodes. 

After one and one-half years, at which time 
43 percent of the energy delivered to the formation 
resided in the rich bottom oil sand layer, the electri-
cal preheating was terminated and the steam and hot 
water drive commenced. 

Steam and Hot Water Drive 

The temperature distribution in the formation at the 
end of the one and one-half year electrical preheat 
phase, obtained from the numerical simulator, was 
Imposed on another numerical simulator and served as 
a starting point for assessing the performance of a 
steam and hot water drive. 

The injectors and producers would all be recompleted 
in the bottom rich oil sand. In one Instance, an in-
jector Is sited at the location of n previously low 
electrode, with producers located at electrodes that 
were previously high or low, depending on their posi-
tions in a seven-spot pattern. In the other instance 
the injector is sited at the location of a previously 
high electrode, white the producers are recompleted 
at high or low electrode locations depending on their 
positions in the seven-spot pattern. 

The simulations were concerned with first establishing 
Inter-well communication and then with identifying ef-
fective stimulation schedules and balancing the 
producer operation. In all Instances, the producers 
were Initially steam stimulated to improve their 
production capability. Hot water injection was then 
maintained to breakthrough, followed by a steam 
flood. Since the electrically preheated communication 
paths are established low in the formation, no early 
steam override took place. Full length production 
simulations gave excellent results and showed that the 
Producers could be balanced even though the 
preheated paths between the injector and the two 
(high and low) producers were somewhat different. 

Figure 2 shows the predicted variation In cumulative 
oil steam ratio with percent recovery of the original 
oil in place. While the cumulative oil steam ratio is 
still rising at the end of the first drawdown cycle, 
little recoverable oil is left in the formation at this 
point and a second cycle was not considered of value. 

For Figure 2 electrical energy was enverted to 
steam equivalent by assuming 2.789 x 10 9 joules per 
kilogram of steam, which corresponds to steam at 
6.0 MPa with a quality of 90 percent. It may be 
noted that less than 10 percent of the total flood 
energy consumed is actually electrical. A small 
amount of electrical energy in the electrical preheat 
has led to an effective flooding operation. 

Economic Analysis 

The commercial scale facility used as a basis for es-
timating capital and operating costs was designed to 
produce approximately 2,500 cubic meters of bitumen

per calendar day at a 93 percent stream factor and 
includes the full electrical preheat and production 
operation to the point of storage of the clean 
bitumen product. 

The 20-year project was assumed to be developed in 
six clusters of multipattern inverted seven-spots. The 
clusters were assumed to be developed In a carefully 
phased manner that saw only one cluster actually 
being preheated at any one time. The average 
electrical power consumed by a typical cluster Is ap-
proximately 70 megawatts with a peak requirement 
early in the preheat of approximately double this 
amount. One quarter of the electrode wells coincide 
with wells in the inverted seven-spot patterns, and 
were assumed to be completed for dual service as 
electrodes and either injectors or producers. 

Electrical power was assumed to be purchased at 
three cents per kilowatt hour, and fuel gas at 
$2.79 per 1,000 cubic meters. 

The objective of the EPPS project economics study 
was to arrive at an estimated cost of bitumen in 
1984 dollars discounted for a real return of 
10 percent. 
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The preinvestment in electrical heating is almost like 
a capital cost, and hence It is also important to min-
imize the time delay between electrical preheating 
and bitumen production. 

For the design case, the forecast recovery was 
reduced to 50 percent of the original oil in place, 
from the approximately 70 percent predicted by 
numerical simulation. 

The cost of bitumen at a 10 percent real discount 
rate was estimated to be $108.60 per cubic meter in 
1984 dollars. Probable best/worst case costs of 
bitumen range from $69.32 to $145.26 per cubic 
meter.

The study authors state that the major technical 
problem in the preheat step is the economical design 
of electrodes able to transmit substantial power to 
the appropriate formation. This problem should be 
resolved through design studies and shallow well test-
ing. With a proven electrode design, the electric 
preheat process that has been described could be ap-
plied at any scale with a considerable degree of con-
fidence. In the appropriate economic climate the 
scheme could provide an effective technology to 
recover much of the oil in the Athabasca oil sands 
that Is presently not recoverable by other means. 
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INTERNATIONAL 

PYROSOL PROCESS PROMISING FOR 
COP ROCESSING 

CCLC Technologies Inc., cofinanced by the Athena 
Office of Coal Research and Technology and in close 
cooperation with the Athena Research Council and 
GIK, (GeseUschaft fur Kohleverflusslgung mbH, a 
large German mining and utility company) is develop-
ing a process for the simultaneous upgrading of 
bitumen or residuals from atmospheric or vacuum dis-
tillation together with subbituminous coals. The 
development program was described at the symposium 
on "Advances in Petroleum Recovery and Upgrading 
Technology" held in Edmonton in June. 

The objective is a process which can not only upgrade 
heavy oil but also coprocess subbituminous coal up to 
a coal loading of 50 weight percent. 

The results from CCLC's development work so tar 
were stated to be positive and encouraging. The 
"PYROSOL Process" is a low severity three-stage 
catalytic hydrogenation process originally developed by 
GiK and consisting of: 

- Coal solubilization 

- Mild hydrogenation 

- Delayed coking or coking in a pressurized con-
tinuous coker in a hydrogen atmosphere 

A first economic application will concentrate on the 
construction of a regional upgrader of approximately 
10-15,000 barrels per day, a project which could be-
come feasible within a reasonable timespan. A 
feasibility study to determine the economics under 
today's pricing regime is underway. 

Advantages of Coprocessing 

The expectations for the economical success of 
coprocessing are based on several factors: 

- Two differently priced feedstocks are blended 
to produce an overall lower cost feed. 

- By slurrying the coal with heavy oil, it is 
hoped that the product recycle stream, a high 
cost factor in coal liquefaction, can be 
reduced or even eliminated. 

- The heavy oil component of the combined 
feedstock has a better H/C ratio than coal 
and will act as a hydrogen donor to some ex-
tent. 

- The overriding expectation for coprocessing is 
that the upgrading of the combined feedstocks 
should produce a considerable synergism, i.e. 
the product yield in terms of net distillable 
oil should be higher than the comparable yield

from either upgrading heavy oil atone or liq-
uefying the coal. 

- Coal prices have been stable and it can be 

expected that coal will continue to have a 
price stabilizing effect on feedstock combina-
tions. 

- Coprocessing technology has the additional ad-
vantage of being highly flexible. If the en-
gineering is appropriately done, the plant can 
operate as a heavy oil upgrader only, or as a 
coprocessing facility with coal loadingh of up 
to 50 percent by weight. 

The PYROSOI. Process 

The PYROSOL coprocessing concept consists of split-
ting the distillable oil yield between mild hydrogena-
tion and a following coking stage. Mild hydrogenation 
reduces the overall hydrogen consumption and gas 
make. 

Cold Lake bitumen was chosen as the heavy oil 
feedstock. The effects of vacuum distillation and 
prehydrogenation of the bitumen prior to coprocessing 
were evaluated experimentally. In the experiments, 
35 weight percent moisture and ash tree coal and two 
weight percent iron oxide catalyst were mixed prior 
to hydrogenation with one of: 

- Topped Cold Lake bitumen 
- Cold Lake vacuum residual 
- Prehydrogenated topped Cold Lake bitumen 

The	 net distillable	 oil yields in the order cited above 
were	 reported	 in	 the	 paper	 as 41.5, 36.6 and 
30.4	 weight percent	 of	 moisture and ash free feed. 
The	 total	 distivable	 oil	 yield	 for topped Cold Lake 
bitumen	 was	 69	 weight	 percent and	 provided the 
greatest yield.

Coking 

The second stage of PYROSOL involves coking the 
residual liquid products from hydrogenation. The 
slurry discharge from the hydrogenation reactor was 
flash distilled and the •380° C fraction fed to a 
delayed coker. Overall distillable oil yields from 
hydrogenation and coking fell as hydrogenation 
severity was decreased. 

In looking for ways to Increase distillable oil yields 
from the overall process, the production of the un-
wanted byproducts, coke and hydrocarbon gases, was 
examined. Overall gas make was decreasing with 
hydrogenation severity but not significantly. The ob-
served higher coke yield at low hydrogenation severity 
(Figure 1) therefore became the focus of study. 

As expected, coke production was found to be a func-
tion of the percentage of asphaltenes + preasphaltenes 
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FIGURE 1 
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+ insoluble organic material (IOM) present in the feed 
to the Coker. These components have been identified 
as coke precursors. However, as the percentage of 
these precursors in the nondistiliable oil fed to the 
coker decreases, their tendency to form coke also 
decreases. This is a very Important conclusion. As 
the hydrogenation severity is towered, the tendency of 
the coke precursors is to produce less coke. Projec-
tion of the trend to even lower severity, say 
30 weight percent pitch conversion, will yield substan- 
flatly less overall coke production and greater distill-
able oil production. The trends are yet to be con-
firmed but are very encouraging for the PYROSOL 
concept for coprocessing. Coking precursors show a 
marked tendency to produce less coke if they have 
been pretreated in the presence of coal. 

Future Activities 

CCLC's activities over the next three years will focus 
upon: 

- Proving the PYROSOL process at the 
0.25 tons per day level in long duration con-
tinuous runs 

- Conducting an overall technical and economic 
optimization of the process including product 
upgrading 

- Incorporating CCLC's and GfK's new tech-
nological developments into the PYROSOL 
coprocessing process 

- Scaling up from the 0.25 tons per day level 
and demonstrating the process at GfK's six 
tons per day pilot facility 

- Initiating industry support for a small scale 
(15,000 barrels per day) regional upgrader 
based upon the PYROSOL process. 
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ENVIRONMENT 

OLEOPHILIC SIEVE DEVELOPMENT PROPOSES 
SLUDGE RECOVERY 

Oleophillc Sieve Development of Canada Ltd. is at-
tempting to raise funds for further development of 
the Oleophilic Sieve Process as a means of reclama-
tion of oil sands sludge. According to the company, 
there are enough reserves in Alberta to operate 
10 mined oil sands plants side by side and produce 
365 million barrels of synthetic crude per year for 
200 years. However, such oil sand development will 
come up against major ecological barriers if the 
sludge accumulation problem is not solved. 

The company further says that in the current plants 
two or three barrels of sludge are discarded into tail-
ings ponds for every barrel of synthetic crude 
produced; that sludge does not go away. It has been 
estimated that each tailings pond will remain an en-
vironmental hazard for over 1,000 years. 

In the years to come, the Fort McMurray area could 
gradually become a waste land of sludge ponds unless 
available technology is used to overcome this dis-
posal problem. 

Some idea of the eventual magnitude of the problem 
Is indicated by the black spots on the map In 
Figure 1, which show the sludge containment ponds 
that are expected to eventually dot the landscape. 

With the technology currently in use, every new 
mined oil sands plant, that produces 100,000 barrels 
of oil per day, will require a sludge pond that covers 
an area at least two miles wide by two miles long. 
Each such pond will only suffice for about 30 years. 

Current Proces 

The current mined oil sands plants use a bitumen 
flotation process, based on a concept first developed 
by Dr. Karl Clark in the 1930s. As shown in 
Figure 2A, oil sands consists of grains of sand, with 
silt, clay, water and bitumen filling the voids between 
the sand grains. During separation, these oil sands 
are mixed with water, steam and sodium hydroxide in 
a tumbler to produce a slurry. The slurry then goes 
to separation vessels where the bitumen floats to the 
top and is skimmed off. 	 It is cleaned and then
upgraded to synthetic crude oil. 

The tailings, which consist of a caustic mixture of 
water, sand, silt, clay, and some bitumen, are pumped 
to the tailings ponds and are beached. The sand 
settles very quickly on the beach of the pond and, as 
shown In Figure 2B, traps a portion of the water, silt, 
clay and bitumen. The rest flows Into the middle of 
the pond where it settles into a sludge layer with a 
clear water layer on top. 

As the Clark process can only tolerate a limited 
amount of clay and silt, only clear water from the

top of the tailings pond Is returned to the plant to be 
reused for processing oil sands. The sludge continues 
to accumulate in the pond in a thick layer containing 
on the average about 25 percent fine solids 
72 percent water and three percent or more bitumen 
by weight.
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Oleophlllc Sieve Development notes that the Energy 
Resources Conservation Board (ERCB) has expressed a 
number of concerns about this commercial process. It 
has observed that the Clark process, while commer-
cially proven, raises serious environmental problems, 
has high water requirements, and incurs relatively 
large bitumen losses. It has recognized officially that 
tailings pond sludge may cause serious disposal 

3-37	 SYNTHETIC FUELS REPORT, DECEMBER 1987



FIGURE 2 

SIMULATED PHOTOMICROGRAPHS: 

(A) OIL SANDS 
(B) BEACHED TAILINGS FROM THE CLARK PROCESS 
(C) BEACHED TAILINGS FROM THE OLEOPHILIC SIEVE WHILE 

PROCESSING A BLEND OF SLUDGE AND MINED OIL SANDS 

problems in the years to come. The Board has given 
notice that future projects should incorporate Im-
proved technology or new processes to substantially 
reduce tailings disposal problems. 

The Syncrude Expansion 

On April 29, 1987, Syncrude made application to the 
ERCI3 for approval to expand the production of its 
existing plant with an additional 114,000 barrels per 
day. By expanding the output from 130,000 to 
244,000 barrels of synthetic crude per thy, sludge 
production at the Syncrude plant will Increase by 
about 88 percent. This means that by the turn of 
the century the existing pond would begin to overflow 
with sludge. Syncrude therefore, proposed to pump 
settled sludge from the bottom of the pond and place 
it in other storage areas on the Syncrude lease or ad-
jacent to it. 

Oleopltllic Sieve Development of Canada has developed 
a process to reduce and perhaps completely eliminate 
the sludge problem. It has asked Syncrude to con-
sider using that process in its proposed expansion. 

The Oleophille Steve Proposal 

The large amounts of sludge that have already ac-
cumulated in the existing tailings ponds would even-
tually be consumed If the proposal is put into prac-
tice. 

Instead of using clear water, the Oleophilic Sieve will 
use sludge for processing mined oil sands. The tail-

ings that will be produced by the Oleophilic Sieve 
from a blend of sludge and oil sand will contain more 
silt and clay than tailings produced from oil sand 
alone. Consequently, when those tailings are beached 
on the shore of a tailings pond, the voids between the 
tailings sand will trap a larger amount of silt and 
clay. This may be seen when comparing Figures 2B 
and 2C. A smaller proportion of sludge, therefore, 
will return to the pond. 

Sludge and mined oil sands both contain bitumen; both 
are recovered by the Oleophilic Sieve. The company 
projects that when sludge is blended with oil sands 
and is separated by the Sieve, the amount of bitumen 
recovered will be greater than the actual amount of 
bitumen present in the oil sands. This alone may 
result in an additional two million barrels of bitumen 
extracted per year when this process is used at the 
Syncrude plant. 

The 0 leophilic Steve Process 

The Oleophilic Sieve Process screens bitumen from a 
mixture of mined oil sands and water, and screens 
bitumen from tailings pond sludge. It can process 
mined oil sands at a much lower temperature than is 
used in the Clark Process because the bitumen does 
not have to float to be captured by the Steve. 

During the screening operation, water and solids, of a 
mixture being separated, fall through the holes in the 
Sieve but the bitumen is captured by the sieve sur-
faces. The Sieve is a moving conveyor. Separation 
takes place on one part of the conveyor, in the 
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separation zone, and bitumen is removed from another 
part of the conveyor, in the recovery zone. 

The Oleophilic Sieve has also been used to recover 
bitumen from tailings pond sludge. More than 
600 tonnes of sludge, similar to the sludge of the 
Syncrude tailings pond, have been processed. 	 The
separation could be carried out effectively at tem-
peratures as low as 5° C. Between 80 and 
95 percent of the bitumen present in the sludge was 
recovered during those tests, and the bitumen was of 
good quality. 

Pilot plant tests with the Oleophilic Sieve have effi-
ciently recovered bitumen from mined oil sands. 
Pilot and field trials have also demonstrated that 
bitumen can be recovered effectively from tailings 
pond sludge. A logical extension of this work will be 
to combine both sludge and oil sands as a blend for 
separation by the Oleophilic Sieve (Figure 3). Not 
only Is this expected to result in very high bitumen 
recoveries and low energy requirements but it has the 
potential of doing away with the Alberta sludge 
problem. The company believes that this may open 
the way for expanded oil sand development in the 
years to come without running into environmental 
problems.

FIGURE 3 

THE OLEOPHILIC SIEVE FOR
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

The following papers were presented at the 38th Annual Technical Meeting of the Petroleum Society of CIM held in 
Calgary, Alberta, Canada, June 7-10, 1987' 

Brown, S. J., "Detection of Casing Failures in Steam Injection Wells at Cold Lake Using Pits-
sure and Rate Data.' 

D'Souza, M. V., at al., "Modification of Downhole Gas Burner for Successful Ignition in Low 
Pressure Heavy Oil Reservoir." 

Lea, J. F., at al., "Optimization of Progressive Cavity Pump Systems in the Development of the 
Clearwater Heavy Oil Reservoir." 

Wong, S., at al., "Technical and Economic Criteria for the Selection of Downhoie Steam Gener-
ators in Alberta." 

Marjerrison, D., at al., "Dome Petroleum's Experience with Sand Control in Lloydminster Heavy 
Oil Fields." 

Des Brisay, C. M., at al., "Pumping Heavy Oils with the Aid of Downhole Oil-In-Water Emul-
sification." 

Scott, J. D., at al., "Effects of Dissolved Gases on Bitumen Recovery in the Athabasca Oil 
Sands." 

Chung, K. H., at al., "Geometrical Effect of Steam Injection on the Formation of Emulsions in 
the Steam-Assisted Gravity Drainage." 

Oballa, V., at al., "An Experimental Study of Diffusion in the Bitumen-Toluene System." 

Surber, M., et al., "The Effect of Chemical Additives on the Stability of Oil-In-Water Emulsion 
Flow Through Porous Media." 

McGee, B. C. W., at al., "Analytical Analysis of Cyclic Steam Stimulation Through Vertical 
Fractures." 

ICuo, C. H., at al., "Reservoir Simulation Helps Understand the, Combustion Process in a Heavy 
Oil Reservoir." 

Jurinak, J. J., at al., "Solvent Co-Injection with Steam in the FAST Steamfiood Process." 

Harding, T. G., at al., "Numerical Simulation of Laboratory Steamfiood Experiments with Carbon 
Dioxide and Nitrogen Additives." 

Sanchez, N. L., at a]., "Simulation of an Hexagon in the M6 Steam Drive Project." 

Miller, K. A., et al., "Recent Observations from the Golden Lake Sparky Fireflood Pilot." 

Todd, C. M., "Downstream Planning and Innovation for Heavy Oil Development: A Producer's 
Perspective." 

Kaleti, M. K., et al., "Controlling Mobility Ahead of a Viscous Oil Bank." 

Dugdaie, P. J., at al., "In-Situ Combustion in Canadian Heavy Oil and Oil Sand Reservoirs." 

Aronstam, P., et al., "Seismic Characterization of Thermal Flood Behaviour." 

Matthews, L, W., at al., "Techniques Applied to Obtain Very High Resolution 3-D Seismic Imag-
ing at an Athabasca Tar Sands Thermal Pilot." 

Fresher, T. C., "An Analytical Model for Detection of Steam Zones at Observation Wells." 

Sedgwick, G. E., et at., "Application of X-Ray imaging Techniques to Oil Sands Experiments." 
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The following papers were presented at the 1987 Eastern Oil Shale Symposium held in Lexington, Kentucky, 
November 18-20, 1987: 

Mason, C. M., et al., "Mineralogical Effects of Tar Sand Process Waters." 

Harrison, W. B., III, "Pilot Scale Production of Jet Fuel From Kentucky Tar Sands Bitumen." 

Graham, R. J., "Hydrocyclones for a Solvent Extraction Tar Sands Process." 

Reynolds, J. G., at al., "Pyrolysis of Domestic Tar Sands." 

Babcock, R. E., at al., "Amphiphilic Phase Behavior of Patty Acids, Bitumen, Water, and Al-
cohols as Related to the Wood-Beaver Solvent Extraction Process for the Recovery of Bitumen 
from Tar Sands." 

Warriner, J., "Acoustic Emission Monitoring of Steam Injected Tar Sand." 

Reece, K., at al., "Prospects of Using Oxygen Enriched Air for Producing Heavy Oil and Tar 
Sands." 

OIL SANDS - PATENTS 

"Use of Oxonated Poly (Alkylene Oxides) as Surface Treatment Agents", Laurence R. Hervey - Inventor, United 
States Patent 4,698,259, October 6, 1987. An oxonated poly (alkylene oxide) substantially devoid of hydrocarbon 
chains of five or more carbon atoms is used to treat substances bearing negative electrostatic charges, so as to 
reduce such charges without rendering the substance hydrophobic. In this manner static electricity can be reduced 
in textiles, paper or plastic film; glass or glass fibers can be lubricated; wood pulp can be debonded; anti-self sizing 
or water-dispersible paper can be made; clays, pigments and other minerals can be hydrophiUzed bitumen can be 
recovered from oil or tar sands; and petroleum can be recovered from underground wells by secondary or tertiary 
recovery techniques. 

"Circular Solvent Extractor", Jerry D. Brand, John F. Oyler, Richard Zavada - Inventors, Dravo Corporation, United 
States Patent 4,683,029, July 28, 1987. A circular solvent extractor useful in a commercial process for the 
removal of bitumen from tar or oil sands or other solvent extraction processes requiring high tonnage throughput. 
The extractor comprises two major segments that are stationary, namely, a ring-shaped roof member and a ring-
shaped drain trough means positioned therebeneath, and one segment that is movable which comprises a pair of con-
tinuous, spaced-apart sidewalls having a plurality of spaced-apart, liquid permeable, process cells rotatably attached 
to the sidewalLs. The sidewalls and their attached process cells are movable about a circular trackway for travel 
between the fixed hood and drain trough means, forming an annular process chamber therearound. The annular 
chamber is sealed by upper and lower, circumferential liquid seals coacting between the moving sidewalls and the 
stationary hood and drain trough means to prevent the leakage of solvent vapors therefrom. Feed means for Intro-
ducing a slurry material to the cells along with solvent distribution means for continuously feeding solvent to the 
slurry tilled cells are also provided. The cells are individually rotated 1800 about their longitudinal axes in a dis-
charge zone of the extractor to rapidly invert and dump the spent slurry Into a discharge hopper for residual sol-
vent recovery and disposal in a remote location. Cam tract means and cam follower means are also provided to 
stabilize and to selectively rotate the cells In the discharge zone. 

"Road Asphalt Compositions Containing Hydrocracked Pitch", Marc-Andne Poirier - Inventor, Petro-Canada 
Incorporated; Mines and Resources Canada, United States Patent 4,683,005, July 28, 1987. The present invention re-
lates to a paving grade asphalt composition which comprises a blend of (A) a petroleum pitch obtained as a residue 
in the hydrocracking of hydrocarbon oils and (B) as a diluent therefore an unprocessed distillation residue having a 
minimum initial boiling point of at least 2000 C obtained from bitumen from tar sands, or heavy oils or light oil 
from pure or mixed petroleum crude oils. 

"In situ Wet Combustion Process for Recovery of Heavy 0th", Charles E. Ward, George D. Ward - Inventors, 
Douglas Ward and Company Incorporated, United States Patent 4 1 691 9773, September 8, 1987. An in situ wet com-
bustion process for the recovery of heavy oils from subterranean oil formations, such as tar sands, in which non-
oxygen containing fluid, such as water, is Introduced along with air cyclically to produce periodic high volume rates 
of injected fluid, great enough to increase the total sensible heat carrying capacities of the air and the vaporized 
fluid, such as steam, entering the flame zone substantially above the sensible heat capacity of the rock formation 
entering the flame zone, to substantially increase the temperatures of a downstream hot zone downstream of the 
flame front, without quenching the combustion.
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since September 1987) 

AThABASCA PROJECT - SOIV-EX Corporation and Shell Canada Limited (TM!) 

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 completed. The technical and 
economic feasibility is being assessed by Fluor Canada with completion scheduled for September 1, 1987. 

Project Cost:	 C$260 million (Phase II) 
aio million (Phase I) 

BI-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,ODO barrels per day of heavy oil and bitumen from the Uoydminster and Cold Lake 
deposits. The primary upgrading technology to be used at the upgrader will be H-Oil ebullated bed hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase I of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction is on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and Saskat-
chewan. 

Project Cost:	 Upgrader Facility estimated at fjjj 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 - Esso 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 1 and 2 started in July 1985, augmented by Phases 3 and 4 in October, 1985 and Phases 
5 and 6 in May, 1986. During 1986, commercial bitumen production at Cold Lake averaged 41,000 barrels oil per day. 

The AERCB has approved Esso's application to add Phases 7 through 10, which will add another 7,000 cubic meters per day at an 
estimated cost of $325 million. Detailed engineering is in progress and construction has begun. Production will begin in mid-
1989. 

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 at. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1987) 

COMMERCIAL PROJECT'S (Continued) 

lows for all produced water to be recycled. 

Construction is underway on a debottleneck of the first six phases which will add 1500 cubic meters per day by year-end 1987, at a 
cost of $50 million. 

Project Cost: Approximately $850 million for (list ten phases 

DAPIINE PROJECT - Petro-Canada (T-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases near Fort McMurray, 
Alberta. The proposed project would produce 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. (I'-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 

ELECTROMAGNETIC WELL STIMULATION PROCESS - Uentech Corporation, A Subsidiary of ORS Corporation (F-252) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name 10 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. 

The first field test withLa commercial well, producing about 20 barrels per day, was put into production in December 1985 in 
Texas, on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy 
Resources Conservation Board, and stimulation started in a recently completed well in the Uoydminster area in Alberta, Canada. 
This well was drilled on Husky Oil Operations Limited acreage in the Wildmere Field. Primary production continued for about 
60 days, during which the well produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to al-
low 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 in-
crease somewhat more as the stimulation operations proceed. The economic parameters of the operation are said to be within 
the range expected.
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COMMERCIAL PROJECTS (Continued) 

the White Wolf farmout from Tenneco Oil. The White Wolf lease. 260 acres, is estimated to contain 28 million barrels of 14-16 
degree API oil-in-place. Operations are currently underway and testing continues. 

Universal Energy believes that total lifting costs using its technology could be as low as $3 per barrel. 

Project Cost:	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (T-21) 

The Elk Point Project area is located approximately 165 kilometers cast of Edmonton, Alberta. Amoco Canada holds a 
100 percent working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the 
NW 1/4 of Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is 
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 5-spot pattern), a continuation of field delineation and 
development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 16.19 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase I Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Steam iniection into the 13-well nroiect was initiated in Jul y. 1987. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing 

Project Cost: 	 Phase 1 - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Ltd. (T-29) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project, costing C390 million, would involve development of primary and thermal recovery operations in the 
Lindbergh and Frog Lake sectors near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of 
land where 112 wells were drilled by the end of November, 1987. The steam simulation processes is bein g evaluated in two sec-
tions. 

An additional 160 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested permission to develop 
two sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 
4 hectare (10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase I would also include 
primary development of the remaining 14 sections on 16 hectare (40 acre) spacing. 

PanCanadian expects Phase I recovery to average 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase Ill would go into operation in the late 1990's, and 300 new wells would be drilled on six sections. Production would in-
crease to 12,000 barrels per day. Phases II and III would be developed as thermal recovery projects. After cyclic steaming, the 
patterns would be convened to steamfloods or firefloods. 

The schedule originally proposed to the ERCB in 1986 has slipped about three years 

Project Cost: Phase I = C$90 Million
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COMMERCIAL PROJECTS (Continued) 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a 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 $425 million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited (T-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover five sections and and was planned to be developed at a rate of one section per year for five 
years. It will employ *huffandpuff 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. (T-33) 

Murphy Oil Company Ltd., has completed construction of a 3,000 barrel per day commercial thermal recovery project in the 
Lindbergh area of Alberta. Project ex pansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. Startup of the new wells is under way. 
All wells will be in production b y sear end. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over 
the life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses the a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand 
Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. 

The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads required for the 
project. 

Capital cost was $30 million (Canadian) for the initial installations, with about fl million in capital additions expected for each 
succeeding year to drill and tie in additional wells. Operating expenditures will be in the order of $12 million per year. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually 

LLOYDMINSTER REGIONAL UPGRADER - (See Ri-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. Construction has passed the half-way point and is still scheduled for completion in the fall of 1988. 

The 50,000 barrels per day heavy oil upgrading project was originally announced in August 1983. 
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Co-Operative Refineries will provide 5 percent of the costs as equity, while the provincial government will provide 15 percent. 
The federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the costs as debt. 

NewOrade has selected process technology licensed by Union Oil of California for the upgrader. The integrated facilit y will be 

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 Cast: 	 $200 million 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (1-38) 

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 
$C1.2 billion and annual operating cost of $C140 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5,000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return to levels which make the project viable. 

In January 1984. Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which 
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 FIELD MINING ASSISTED PROJECT - Devran Petroleum Ltd. and Shell Canada Ltd. (1-39) 

Devran and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery project near Sarnia, Ontario. Devran and Shell Canada 
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jointly least 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-bearing layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devran and Shell Canada. Devran received a $475,000 grant from the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated 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:	 $63 million 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Limited (F-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 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 when 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
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SUNNYSIDE PROJECT - Amoco Production Company (F-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 - (INC Tar Sands Corporation (F-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by (INC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness. 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent 
ash and water. Chevron also ran a series of tests using the solvent circuit first Followed by flotation and found it to be simpler 
and cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard 
ARTCAT pilot plant in Houston and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, 
and eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today (iNC has a complete process that on tests demonstrates 96 to 98 percent recovery of mined bitumen through the solvent 
and flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristics between Saudi Light and 
Saudi Heavy. 

(INC has 2,000 acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has 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, (INC requested loan and price guarantees of $452,419,000. Construction would start in the third quarter 1986 with first 
production in the first quarter 1989. On November 19, 1985 the SFC determined that the project was a qualified candidate for as-
sistance under the terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. (INC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg 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.— Esso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (17.0 percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada 
Corporation (9.03 percent); HBOG 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 $13 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 (1978 cost)
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COMMERCIAL PROJECTS (Continued) 

WOLF LAKE PROJECT - B? Canada Resources Ltd. and Petro-Canada (T-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project 
(a joint venture between B? Canada Resources Ltd. and Petro-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-purr 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. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). In January, 1987 the Alberta ERCB approved BP Canada's application for Phase 2. In June 1987 the 
companies announced their intention to proceed. 

Project Cost:	 Wolf Lake 1
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

R & D PROJECTS 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (T-85) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carbon dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Cannel Energy of Houston, and partially 
tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A second phase consist-
in g of a 9-well pad has been in o peration since early 1987. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf 
pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak 
for a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its 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.
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R & D PROJECTS (Continued) 

Project Cost: 	 $15 million for the first phase 
$13 million for the second phase 

ATHABASCA IN srru PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, Canterra Energy Ltd., Tenneco 
Oil of Canada, Ltd. (T-130) 

The Canterra[I'ECAN/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 1 injector. There ate 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-ISS) 

Mobil Oil Canada initiated dry combustion in 1965 and convened to wet combustion in 1978. This ongoing field project presently 
has nine burns and 133 production wells. 

Project Cost: 	 Not disclosed 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources Limited. (F-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) 

CANMEF HYDROCRACKING PROCESS - Canada Centre for Mineral and Energy Technology (CANMET), Petro-Canada, and 
Partec L.avalin Inc. (T-175) 

Based on the results of bench scale and pilot plant studies, a novel hydrocracking process has been developed at CANMET for 
the upgrading of bitumen, heavy oil, and residuum. This CANMET Hydrocracking Process is effective for the processing of heavy 
feedstocks with conversion of 90 weight percent of the pitch to distillate boiling below 524 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 142 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. 
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R & D PROJECTS (Continued) 

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 '132 and R23, W3M in the Celtic Field, northeast of Uoydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 
Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations 
are continuing. 

Project Cost:	 $21 million (Canadian) (Capital) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (T-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 12 miles 
southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to proceed with a 
$5 million pilot project to be completed by December 31, 1987. By completing this work, Husky will earn one-half of Canadian 
Worldwide's 25 percent interest. Two wells have now been drilled and tested by steam cycling. Production from the first well was 
very 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 completion deadline to December 31, 
1988. 

Project Cost:	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 

A stratigraphic test program conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 100 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness from 2 to 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the 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

- 
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K & D PROJECTS (Continued) 

DONOR REFINED BITUMEN PROCESS - Gull 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 ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations are to 
be completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut 
Francaise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for 
upgrading heavy residues and heavy oils at a demonstration scale. 
The ORB process entails thermally cracking a blend of vacuum residual and a refineryderived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is rehydmgenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

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 500 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 COW LAKE PILOT PROJECTS - Paso Resources Canada Ltd. (1-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Laming pilot plants, using steam stimulation in the 
Cold lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease 
No. 40. Esso has sold these data to several companies. Paso's Laming pilot is located in Sections 4 through 8-65-3W4. The 
Leming pilot uses several different patterns and processes to test future recovery potential. Paso expanded its Leming field and 
plant facilities in 1980 to increase the capacity to 14, barrels per 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. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam 
stimulation as well as follow-up on new recovery methods. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEHILL IN SflhJ STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy Oil Company 
Ltd. (1-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres: Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 
1, 1982.
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R & D PROJECTS (Continued) 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 nd. 

Project Cost:	 $15.2 million 

Fr. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (r-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area 
of Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an 
avenge gravity of 125 degrees API, and a sulfur content of 35 percent. The project utilizes huff and puff, with steamdrive as an 
additional recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns converted 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 S well cluster drilled in late 1985. Five additional 
development well locations have been identified. Approximately 73 wells are now operating, including 4 wells which had pit-
viously been shut-in due to low oil prices. With production avenging 2,100 barrels per day. Further development work, including 
tying-in the Swells 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 steamficod 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 Cast: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir. The dry combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased. 

Project Cast: Not Disclosed 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AO&FRA, and Petro-Canada Ltd. (r-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 (123 percent), AOSTRA (75 percent), and Petro-Canada Inc. (125 percent). Other panics 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 hectacrcs 
(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) 

CIROSMOWr THERMAL RECOVERY PROJECT - UNOCAL Canada Limited (17-300) 

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 Inc 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

SYNTHETIC FUELS REPORT, DECEMBER 1987 
3-53



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1987) 

R & 1) PROJECTS (Continued) 

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 wells 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 6-644 W4 adjacent to the existing from 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 B'Il.J steam generation facility, test separation equipment, piping for steam 
and produced fluids, and a flare system for casinghead gases. 

To obtain water for the steam operation, a ground water well is proposed to be drilled on the pad site. Prior to use, the water 
will be treated. Produced water will be injected into an existing disposal well. The fuel will be supplied from Mobil's existing fuel 
gas supply system and the treated oil will be trucked to the nearby Husky facility at Tucker Lake. 

Government applications and engineering studies are planned to be completed by early 1987. Assuming government approvals, 
construction and drilling could begin during the summer of 1987 with production beginning in 1988. The pilot project is expected 
to operate for a minimum of five years. 

Project Cat: 	 $12 million 

KENOCO PROJECT - Kenoco Company (T-340) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The 
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 Iireflood 
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. 'liming 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 and. 

(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 (1-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 
evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the wellbore prior to switching over to enriched air 
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; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority (AOS'FRA) 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 810 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 tour 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 BiD 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 Cast:	 $4.2 million (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (1420) 

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., P550 Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (1460) 

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 13-27-84-11 W4 now in its fourth production cycle and a second multi-cycle single well steam stimula-
tion test at 16.27-84_11 W4 in its fifth production cycle. A third multicycle single well steam stimulation test at 4-35-84-11 W4 is in 
its second cycle. 

Project Cost:	 Not disclosed
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PELICAN-WABASCA PROJECT - Gulf Canada Corporation (r480) 

Construction of fireflood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 1982. The pilot con-
sists of a 31-welt centrally enclosed 7-spot pattern plus nine additional wells. 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 wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. Remaining wells retained on 
production. In 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 - Norma Energy Resources Limited (T482) 

Norcen 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 wells 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, (F485) 

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 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and 
has the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital 
and operating costs. 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 on at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year. 

In August 1985 the sponsors requested loan and price guarantees totalling $230,947, 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. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and 
equity participation for the project are being sought. 

Project Cost:	 $158 million (Synthetic crude option) 
$90 million (Asphalt option)
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R & D PROJECTS (Continued) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry ('1'-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 GHAR1B THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery (1-527) 

The tar sand thermal pilot lies onshore in the Ras Gharib field on the West Coast of the Gulf of Sue; Egypt. Three wells, 
spaced approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an average thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million HTU per hour single pass steam generator was purchased. The 
first 3 cycles recovered nothing but water from the 

300 foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone, 

Project Cost: 	 Not Disclosed 

RTR PILOT PROJECT - Rfl Oil Sands (Alberta) Ltd. (1-540) 

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. (1-550) 

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-
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
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SOUTH KINSELLA (KINSELLA 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 fin spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost:	 $4.5 million 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSI'RA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. ('1'-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 fin-spot pattern. The reservoir is a Glauconitic sand in the Upper 
Mannville 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 Wcstcoast Petroleum each hold a 12.5 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 - AOSTRAJThe UMA Group Ltd. (T-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1918 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 "ter 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 
Outstanding: 	 $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, 
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).

SYNTHETIC FUELS REPORT, DECEMBER 1987 
3-58



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since September 1987) 

R & D PROJECTS (Continued) 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock—Kirkwood Oil and Gas has received a combined hydrocarbon lease for 
640 acres in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and On 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 1,000 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,ODO 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-fired steam 
generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be provided by fresh water wells at the 
site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 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 op at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a SO million BTU per hour steam generator along with other associated 
facilities. The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil 
prices. 

Project Cost:	 Not Disclosed 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (T-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 J. 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 

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 
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of northeastern Alberta. At the end of 1985 the first phase of the project was completed. The second phase lasted from 1986 to 
April 1, 1987, when the project agreement expired. The project, which is to last until 1988, involves the use of steam and combus-
tion for bitumen recovery and is located at 7-66-RS-W4M. It is presently funded 100 percent by UP Canada. Al 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 Mannville t 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 wells were drilled in 1984. Initial steam injection (Phase A) commenced in mid-1978 and continued through the mid-1980s. 
Preliminary testing of the in situ 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 penneability is 3.17 mKm2. Tempera-
ture ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the port volume or 10 percent by 
weight. Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery, factor for the 18 to 20 year period was approximately 3 percent. 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cost: 	 Not Disclosed
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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor 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 3-5I 

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 
Pc I to-Can ada 

Cat Canyon Steamflood Project (Jetty 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 EOR Petroleum Company December 1983; page 3-59 
Tetra Systems - 

Cold Lake Pilot Project Gulf Canada Resources December 1979; page 3-31 

Deepsleam 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 
Pelro-Canada
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Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster flreflood 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 
I3sso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 341 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petit-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 

I'orta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Norcen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project 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 Aitex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SoIv-Ex Corporation March 1985; page 3-45 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 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 

200" 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 Omanization Proiect Name 

Alberta Energy Company Syncnzde Canada Ltd. 3-48 

Alberta Oil Sands Equity Syncrude Canada Ltd. 3-48 

Alberta Oil Sands Technology ABC Cold Lake Pilot 3-49 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 3-50 

Donor Refined Bitumen Process 3-52 
GUSP Project 343 
Marguerite Lake B' Unit Experimental Test 3-55 
Taciuk Process Pilot 3-58 
Underground Test Facility Project 3-59 

Amoco Canada Ltd. Elk Point 3-44 
CJLISP Project 3-53 

Amoco Production Company Sunnyside Project 348 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 349 

BP Resources Canada Ltd. Marguerite Lake B' Unit Experimental Test 3-55 
Wolf Lake Project 3-49 
Wolf Lake Oxygen Project 3-59 

California Tar Sands Development Corp. California Tar Sands Development Project 342 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-50 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-52 
PCEJ Project 3-55 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-48 
Hanging Stone Project 3-54 

Canadian Reserve Oil & Gas Ltd. Eyehill In Situ Steam Project 3-52 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-5I 

Canterra Energy Ltd. Athabasca In Situ Pilot Project 3-50 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-50 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot 3-49 

Consumers Cooperative Refineries Ltd. NewGrade Heavy Oil Upgrader 345 

Devran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 3-46 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 345 
- Lindbergh Thermal Project 3-45 

Morgan Combination Thermal Drive Project 3-55 
Primrose Lake Commercial Project 346 
South Kinsella (Kinsella B) 3-58 

Enercor PR Spring Project 3-56 

Enpex Corporation Enpex Syntaro Project 3-52 

Esso Resources Canada Ltd. Cold Lake Project 342 
Esso Cold Lake Pilot Projects 3-52 
PCEJ Project 3-55 
Syncrude Canada Ltd. 348
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Company or Ortanization Project Name 

Hanging Stone Project 3-54 

Genera! Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-57 

GNC Tar Sands Corporation Sunnyside Tar Sands Project 3-48 

Greenwich Oil Corporation Forest Hill Project 3-45 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-52 
Pelican-Wabasca Project 3-56 
Sandalta 3-57 
Syncrude Canada Ltd. 3-48 

HBOG Oil Sands Partnership Syncrude Canada Ltd. 3-48 

Home Oil Company Sandalta 3-57 

Husky Oil, Ltd. Bi-Provincial Project Upgrader Facility 3-42 
Tucker Lake Pilot Project 3-59 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-57 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-55 
Hanging Stone Project 3-54 

Kenoco Corporation Kenoco Project 3-54 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-51 
Tar Sand Triangle 3-58 

L'Association pour Is Valorization Donor Refined Bitumen Process 3-52 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-50 
Celtic Heavy Oil Wet Combustion 3-51 
Cold Lake Steam Stimulation Program 3-51 
Fosterton N.W. In Situ Wet Combustion 3-53 
Iron River 3-54 
Sandalta 3-57 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-52 
Lindbergh Commercial Thermal Recovery Project 345 
Lindbergh Steam Project 3-54 

NewOrade Energy Inc. NewGrade Heavy Oil Upgrader 345 

Norcen Energy Resources Ltd. Provost Upper Mannvitle Heavy Oil Steam Pilot Project 3-56 

Ontario Energy Resources Ltd. Suncor, Inc. 3-47 

ORS Corporation Electromagnetic Well Stimulation Process 3-43 

PanCanadian Petroleum Elk Point Oil Sands Project 3-44 
South Kinsella (Kinsella B) 3-58 
Syncrude Canada Ltd. 3-48 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-50 

Petro-Canada CANMET Hydrocracking Process 3-50 
Daphne Project 3-43 
GLISP Project 3-53 
Hanging Stone Project 3-54 
Marguerite Lake B Unit 3-55 
PCEJ Project 3-55 
South Kinsella (Kinsella B) 3-58 
Syncrude Canada Ltd. 3-48
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Company or Onanizalion Proiect Name EU! 

Wolf Lake Project 3-49 

Research Association for RAPAD Bitumen Upgrading Project 3-57 
Petroleum Alternatives 

Rfl Oil Sands Alberta, Ltd. RTR Pilot Project 3-57 

Saskatchewan Government NewOrade Heavy Oil Upgrader 3-45 

Shell Canada Resources, Ltd. Athabasca Project 3-42 
Peace River Complex 3-46 
Sarnia-London Road Field Mining Assisted Project 346 
Scottford Synthetic Crude Refinery 3-47 

SOIV-EX Corporation Athabasca Project 3-42 
PR Spring Project 3-56 

Southworth, Ray M. Enpex Syntaro Project 3-52 

Suncor, Inc. Fort Kent Thermal Project 3-53 
Suncor 3-47 

Sun Oil Company Suncor, Inc. 3-47 

Tenneco Oil of Canada, Ltd. Athabasca In Situ Pilot Project 3-52 

Texaco Inc. Diatomaceous Earth Project 343 

Texas Tar Sands, Ltd. Enpex Syntaro Project 3-52 

Triad Engineering Services Ltd. PR Spring Project 3-56 

Ucntcch Corporation Electromagnetic Well Stimulation Process 3-43 

Underwood McLellan & Associates Taciuk Processor Pilot 3-58 
(UMA Group) 

Unocal Canada Grvsmont Thermal Recovery Project 3-53 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-60 

Whittier, M. H. Enpex Syntaro Project 3-52 

Worldwide Energy Fort Kent Thermal Project 3-53
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PROJECT ACTIVITIES 

SASOL WEATHERS OIL PRICE DROP IN GOOD 
SHAPE 

Sasol's 1987 Annual Report states that in the past 
financial year Sasol's ability to weather a sharp 
decline in the prices of its main products was put to 
the test for the first time. The test was passed with 
flying colors. Although the rand prices of Sasol's 
main products declined by approximately 34 percent, 
profit	 declined	 by	 only	 8.6	 percent	 from
R575.4 million to 11525.9 million. 

These results were remarkable In that there was no 
corresponding decline in the cost of purchased raw 
materials. The manufacture of oil from coal at Sasol 
Is an integrated operation. Sasol mines the coal, 
which is then processed to liquid fuels. 

In addition to the international market prices of 
refined petroleum products, two other factors which 
have a dominating influence on Sasoi's profitability 
are the rand/dollar exchange rate and inflation. Al-
though the average rand/dollar exchange rate was ap-
proximately the same as in 1985/86, costs were 
seriously affected by Inflation. 

Year's Ru1ts 

The serious negative impact of lower product prices 
was cushioned by increased production volumes 
achieved by the oil-from-coal production division and 
by the containment of cost Increases to substantially 
below the inflation rate. 

The total market growth of liquid fuels exceeded the 
increase in production of synthetic fuels at Secunda 
which led to a higher volume of crude-oil being 
processed than in the previous year. 

Production at the Secunda Collieries amounted to 
29.1 million tons. As during the previous year fac-
tory consumption exceeded own production and 
required the purchase of 4.2 million tons from outside 
sources. 

Sasol One 

Gas production at Sasol One exceeded that of the 
previous record year by 2.4 percent. This achieve-
ment was mainly the result of optimization of opera-
tions and selective application of advanced technology. 
An example is the installation of electronic control 
systems in the oxygen and Arge plants. 

As a result of mechanical and process improvements 
implemented in the gasification plant, gas yields 
during the past year were the highest In the history 
of the factory. 

In 1986 a project was launched to substantially in-
crease the capacity of the tar acid purification plant 
in the light of the strong world demand for phenols

and cresylic acids. The project was successfully com-
pleted in May 1987 and the products meet all quality 
requirements. 

The additional (sixth) Arge synthesis reactor and the 
concomitant debottlenecking of the wax processing 
facilities were scheduled for completion in November 
1987. 

Productivity measured in terms of tons of coal per 
employee, increased by 6.2 percent during the past 
two years. The Arge plant, which mainly produces 
speciality waxes for the export market, performed ex-
ceptionally well and achieved an overall productivity 
Improvement of 15 percent. 

In the light of results achieved with an experimental 
fixed fluidized-bed synthesis reactor, It was decided 
to proceed with the installation of a commercial scale 
reactor. This prototype will be linked to the existing 
Synthol system at Sasol One and will be operated in-
stead of one of the three existing reactors. Con-
struction will be completed at the end of [988. 

During the year a major breakthrough was made with 
regard to the efficiency of the electrostatic equip-
ment which extracts fine ash particles from the 
power-station stack flues. By chemically treating the 
fine ash prior to precipitation the efficiency of the 
extraction process was substantially increased. 

Sasol Two 

The commissioning of a number of debottlenecking 
projects increased yields per unit of gas processed at 
Sasol Two. During the year production volumes 
exceeded the original design capacity by an average 
of 7.4 percent and those of the previous year by 
2.8 percent. 

The debottlenecking project launched in [984 to in-
crease factory output by six percent, was successfully 
completed at the end of 1986. The seventh oxygen 
plant, erected as part of the debottlenecking project, 
was commissioned in August 1986. This plant, which 
also supplies oxygen to Sasol One and Sasol Three, 
made a substantial contribution to the continuity of 
gas production at all three oil-from-coal plants. 

At the end of 1986 new equipment was commissioned 
to extract fine coal and ash particles from the crude-
tar stream. This has led to higher product yielth and 
an increase In the quality of the final products. 

During the year yield efficiencies were further im-
proved. Compared to the previous year, the net oil 
yield per unit of gas processed increased by three 
percent and that of chemicals by six percent. 

Good operating results were achieved in the ethylene 
recovery and purification plant and a record output 
equivalent to 112 percent of nominal design capacity 
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was attained.	 Methods of further increasing the 
capacity of the existing plant are being Investigated. 

Sasol Three 

Although gas production at Sasol Three again 
exceeded design levels, the record levels of the pre-
vious financial year could not be equaled. However, 
the yield of liquid fuels per unit of gas processed did 
improve by 3.6 percent. The primary objective for 
the next few years will be to obtain more synthesis 
product per unit of synthesis gas through catalyst op-
timization and increased factory stability. 

During the year the entire factory was shut down for 
scheduled maintenance and statutory inspection of 
equipment. In the last quarter of the year critical 
equipment on two plants failed, adversely affecting 
overall production. Due to these incidents average 
gas production was down by 2.5 percent relative to 
the previous year. 

The ninth steam boiler, erected at a cost of 
1190 million was to be commissioned in November 
1987. Steam from this boiler will eliminate the peri-
odic shortages at Sasol three and will increase the 
electricity generating capacity at Sasol Two and Sasol 
Three. 

The plants which recover sulfur products from the 
off-gases of the factory were successfully commis-
sioned during August 1986 and October 1986. Sul-
furous compounds In the off-gases are now being 
recovered in these plants and convened to elemental 
sulfur which Is marketed locally. 

The overall efficiency of the Sasol Three complex is 
subject to the maximum utilization of the whole 
range of hydrocarbons produced in the synthesis 
process. During the year a plant for the conversion 
of a further quantity of light hydrocarbon gases to 
liquid fuels was approved. This new plant will be 
commissioned during June 1988. 

Coal costs represent a substantial percentage of the 
company's operating costs and require efficient 
utilization of this resource. The optimization of the 
coal preparation plant during the year was so success-
ful that 99.5 percent of the coat mined is currently 
being effectively utilized in the gasification and 
stea m plants. 

Chemicals Division 

The value of chemical sales increased by 15 percent 
to R?44 million during the past year. This Improve-
ment was mainly attributable to an increase in sales 
volume and a moderate increase in certain selling 
prices. 

The demand for polyethylene grew to such an extent 
over the past year that the demand for ethylene is 
currently almost in balance with Sasol's ethylene 
production. 

Primarily due to sustained catalyst improvement, the 
production of Fischer-Tropsch waxes increased by six

percent compared with the previous year. In spite of 
increasing competition In the export markets, the 
demand for Sosoi's unique hard waxes and hard wax 
derivatives has grown considerably. A market already 
exists for the bulk of the production of the sixth 
fixed bed Fischer-Tropsch reactor, which was to be 
commissioned during the last quarter of 1987. This 
new reactor will increase wax production by 
30 percent. 

Since Sasol commenced marketing Fischer-Tropsch 
waxes approximately thirty years ago, more than 400 
different applications for these unique waxes have 
been developed. These markets are, however, very 
dynamic and most applications disappear after about 
ten years. Intensive research and the continual 
development of new markets and new products remain 
a prerequisite for the marketing of hard waxes and 
their derivatives. 

The outside shareholder in Allied Tar Acid Refiners 
(Pty) Limited (Atar), which owns the phenol recovery 
plant, sold his 25 percent interest to Sasol Operations 
(Pty) Limited In August 1986.	 The latter is now 
Atar's sole shareholder. The capacity of the plant 
was recently doubled in order to meet the growing 
export demand for phenol and cresylic acid. 

Technology 

Based on a series of studies comparing the most 
promising technologies for the conversion of natural 
gas to liquid fuels, Mossref came to the conclusion 
that the Sasol Synthol process i.s the most viable. 
Mossref recently announced that the Synthol process 
will be used for the planned Mossel Bay natural gas 
to synfueis project. 

The sixth Fischer-Tropsch reactor being erected in the 
fixed-bed synthesis plant at Sasolburg will operate at 
higher pressures and at considerably higher through-
puts than the existing fixed-bed reactors. 

The capital and operating costs of coal gasification 
will also be reduced by the utilization of the Lurgi 
Mark V gasifier in future plants. After six years of 
development and successful operation at Sasolburg this 
gasifier is now fully proven. Its gas production 
capacity is more than 50 percent higher than the 
Mark IV gasifiers in operation at Secunda. A basic 
process design for a gasification plant equipped with 
Mark V gasifiers was completed during the year. 

For the new Synthol fixed fluidized-bed reactor being 
built at Sasolburg, the capital cost of a synthesis 
plant may be as much as 50 percent lower than that 
of the circulating fluidized-bed reactors currently in 
operation at Sasolburg and Seconds. 

One of the year's highlights in the area of research 
was the manufacture of Synthol catalyst from alterna-
tive domestic raw materials. This iron-based catalyst 
is manufactured mainly from miltscale, for which the 
local source is insufficient to meet the growing 
demands. For the past few years alternative sources 
of iron ore have been evaluated as catalyst raw 
materials. Synthol catalyst manufactured from a spe-
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cial formulated mixture of local iron ores was 
recently successfully tested. 

APPALACHIAN PROJECT WINS GOVERNMENT 
FUNDING 

The Appalachian Project, a joint venture of 
M. W. Kellogg Company and Bechtel Development 
Company will develop a $244 million, coal tired, 
cogeneration power plant in Somerset County, Pen-
nsylvania under the United States Department of 
Energy's cooperatively funded clean coal technology 
program. 

The project is planned to cost $243.8 million with 
$87.5 million, or 36 percent, to be provided by the 
Energy Department. The remainder of the funds, 
$156.3 million, will be financed by a team of private 
sponsors including Kellogg and the Bechtel Develop-
ment Corporation. 

The Kellogg-Bechtel joint venture Amcoal will own 
and operate the project, a 60,000 kilowatt integrated 
gasification combined cycle power plant that will burn 
more than 485 tons per day of high sulfur Ap-
palachian coal at the Qhemahoning Industrial park 
near Johnstown, Pennsylvania. 

The project will be based on the Kellogg-Rust-
Westinghouse (KRW) gasification process. It will link 
• coal gaslfier, advanced hot gas cleanup system, and 
• combined cycle turbine arrangement into a 
demonstration power system. The power generated is 
expected to be sold to the local utility, Pennsylvania 
Electric Company. 

The KRW process has been demonstrated in more than 
12,000 hours of operations in a plant at Waltz Mill, 
Pennsylvania. 

Special features include a modular design that allows 
incremental phase-ups of power capacity and economic 
retrofitting and repoweriog of existing power plants. 

The sponsors claim major electric power cost savings 
when compared with other coal fired power plants and 
nuclear power. 

Kellogg, .a unit of Henley Group Inc., is managing 
partner of the project, and will handle design, en-
gineering, and procurement for the project. Bechtel 
Eastern Power Company will design and construct the 
power plant components and operate and maintain the 
power station. Bechtel Inc. will design the gasifica-
tion offsites and construct the gasifier.

DOW SYNGAS EXPERIENCES SMOOTH STARTUP 

Startup experience at the Dow Syngas project has 
been exceptionally smooth according to Dow engineers 
at the Seventh Annual Electric Power Research In-
stitute Conference on Coal Gasification. The con-
ference was held In Palo Alto, California In October. 

On April 6, 1987 coal slurry operations began at the 
Syngas Project in Plaquemine, Louisiana. The plant 
capacity of 30 billion BTU per day of medium BTU 
gas qualifies It as the largest single train gasifier in 
the world. The syngas production and the coproduced 
steam are utilized in Dow's Louisiana Division 
manufacturing complex to generate 160 megawatts of 
power. 

The Dow Syngas Project flowshect is shown in 
Figure 1. The process has been described earlier, e.g. 
Pace Synthetic Fuels Report, September, 1987, page 
4-2. 

Plant Cost 

The figures in Table 1 do not Include interest charges 
during construction and are "as spent" dollars. The 
oxygen plant is not included In these figures as the 
project purchases oxygen from a dedicated plant 
owned and operated by Air Products and Chemicals. 
The Dow Syngas Project furnishes power to the 
oxygen plant. 

Startup and Initial Operations 

Startup began in March of 1987 with commissioning of 
all the major gasitier equipment and instrumentation. 
Flow simulation of the gasifier control system was 
completed, firing of the pilots and main burners was 
tested and preheating and cure-out of the gasifier 
refractory began on March 15th. The first oxygen 
from Air Products was received on March 29th. 
Pressurized methane operations took place between 
April 1st and April 6th and during this time the syn-
gas control system at the power plant was checked 
out.	 On April 6th, the gasifier was started on coal 
slurry. On April 7th they began delivery of super-
heated steam from the gasifier and on April 11th the 
power plant gas turbine produced power via coal 
derived syngas. On May 19th Dow declared "Initial 
production" which allowed them to begin receiving 
payments from the United States Treasury Department 
for plant production. 

During commissioning in March It was recognized that 
a process change in the slag removal system had not 
been carried through to the sour water stripper 
column. This prevented the operation of the second 
stage of the gasifier on coal slurry until August when 
modifications to the stripper column were completed. 

Dow states that operation of the gasification section 
of the plant has exceeded expectations. The research 
work completed over the previous ten years at the 
pilot plant (36 tons per day) and the proto plant 
(1 9 200 tons per day) had focused primarily on the 
gasification process.	 Most operational problems en-
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DOW SYNGAS PROJECT FLOWSHEET 

FIGURE 1 

'.41

TABLE 1 

V SYICAS PROJECT CAPITAL SUANARY 

$ Millions 

Coal Handling and Slurry Preparation 2.8 
Gasification 42.5 
Slag Dewatering 
Heat Recovery 
Sulfur Recovery 
Building & Shops 
Spare Gasifier 7.0 
Turbine Modifications 4.5 
Miscellaneous 3.6 

Inter-Plant Piping and Electrical, 
Railroad,	 Spares 

Engineering & Management 12.4 

Total 72.8

countered to date have resulted from plugging of 
various lines and systems down stream of the gasifier. 
Table 2 reports data on initial operations at the Dow 
Syngas Project. 

Gasifier Performance 

The advanced two stage gasification section of the 
plant experienced a very successful startup. Carbon

TABLE 2 

DOW SYM3AS PROJECT 
OPERATION STATISTICS 

(Data Thru October 17, 1987) 

Hours on Coal	 1752 firs 
Hours 2nd Stage on Coal	 418 firs 
Hours Syngas to Paver Plant 	 1307 firs 
Plant Availability Since 

Initial Production Declared 	 42 % 
Syngas Production	 1354 Billion BTUs 

conversion has been continually demonstrated to be 
greater than 99 percent. The ability to reliably 
monitor temperatures and slag flow inside the gasifier 
via Dow's proprietary techniques has enabled the 
gasifier to sustain stable operations in all runs to 
date. Significantly lower refractory wear rates are 
being experienced than were seen in the proto plant. 
The overall condition of the refractory after opera-
tions to October was excellent. Initial operations of 
the gasifier burners indicated a necessary modification 
from that developed at the proto plant. Changes in 
the geometry of part of the nozzle were made, new 
burners fabricated and installed. Operations since 
these changes were made have proven the redesign to 
be successful. 
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Gas Turbtne Performance on Syngea 

The Dow Syngas Project included modifications to two 
Westinghouse WD501 gas turbines that have been in 
service for approximately five years on natural gas. 
Modifications were made to the control system, bur-
ner nozzles and combustor baskets. Both machines 
can now burn syngas and retain the capability to burn 
methane. A demonstration run on 100 percent syngas 
was performed In August that defined nozzle 
modifications necessary to fire 100 percent syngas but 
these changes have not been made. Fuel nozzles cur-
rently in the machines limit syngas to 75 percent of 
the fuel requirement. The fuel control systems have 
demonstrated the transition from natural gas to syn-
gas and back.	 Initial operations have confirmed
projections of lower heat rates on syngas than natural 
gas.	 Data shows an average improvement of five
percent In heat rate when fueled with syngas. 

Performance of Related Systems 

The continuous slag removal system has been 
demonstrated to be reliable. Dow thinks this system 
Is preferable to lockhoppers for two reasons: more 
reliable and there are no emissions. 

The sulfur removal/recovery system has performed at 
levels better than the design had anticipated. 

During startup there was plugging in the slurry trans-
fer line between the slurry preparation unit and the 
gasification area. This line Is approximately one mile 
long. The problem was identified to be the particle 
size distribution after wet grinding. A small amount 
of thickener (Methocel F3W manufactured by Dow) 
has been added to stabilize the slurry and transfer 
line plugging has been eliminated. 

GREAT PLAINS PLANT UNDERTAKING 
BYPRODUCTS RECOVERY PROGRAM 

The Great Plains Coal Gasification Plant (GPGP) 
produces several liquid byproduct streams that are 
presently consumed as fuel within the facility 
laboratory.	 Although all of them were initially 
recognized as having market potential, recovery 
facilities were not Included because detailed lab 
analyses were required before facilities could be 
designed and markets established. Thus, on-site con-
sumption became the only practical basis for design. 
Additionally, installation of recovery units for these 
byproducts would have added an unnecessary burden to 
the initial startup efforts of the main gas plant. 

With startup complete and the plant operating 
smoothly, the opportunity now exists to analyze each 
byproduct stream from the plant and determine Its 
market potential. Additionally, with the decline in 
energy prices, the revenues from sales of byproducts 
have become potentially more important to the over-

all economics of the plant. Therefore, maximizing 
net plant revenues Is a critical objective of the 
program on byproducts recovery. This program was 
discussed at the Fourth Annual Pittsburgh Coal Con-
ference held in October. 

For many decades, coal tar produced from coke oven 
facilities	 was	 feedstock	 for many chemicals Including 
rubber processing chemicals, cresylic acids, benzene, 
and wood preservatives. 	 To realize similar benefits 
from	 byproduct	 sales	 at GPGP, a	 multifaceted 
program	 is	 in	 progress. Major	 elements of	 this 
program include:

- Identification of all byproduct streams that 
may have potential market value. 

- Analysis and further characterization of each 
Great Plains byproduct stream to determine 
exact compositions, impurities, volumes, etc. 

- Determination of existing market size, 
strength, growth potential, competition, oppor-
tunities for market penetration, etc., for each 
byproduct. 

- Recovery/upgrading requirements for each 
byproduct to satisfy Identified markets. 

- Evaluation and selection of the "best" technol-
ogy for each byproduct If upgrading is 
required. 

- Conceptual engineering design to establish 
capital and operating cost information for 
each byproduct recovery/upgrading scheme. 

- Risk analysis versus cost benefit for each 
byproduct. 

- Environmental impact assessment for new 
operating facilities and replacement of fuel 
BTLJ's. 

- Summary and recommendations for each 
byproduct identified. 

Regarding byproduct development, ANG Coal Gasifica-
tion Company has been working on several potential 
product streams for a number of years. Sufficient 
development work has been done to carry out proper 
analysis of the feedstocks before bench-scale tests are 
carried out to establish the most desirable upgrading 
scheme. The following majr product developments 
are included in a recently Department of Energy 
(DOE) approved program: 

Cresylic acids upgrading 
Rectisol naphtha upgrading 
Jet fuel study by DOE and others 
Rubber process oil 
Asphalt highway paving material 
Wood preservatives 
Replacement fuels 
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with other processing features to produce valuable 
products from other fractions of the Great Plains 
byproducts. 

Following are considerations which ANG views as Im-
portant in the development of each of these new 
byproducts: 

- The Great Plains Project represents the 
largest new source of cresyflc acids available 
at this time. It is estimated that GPGP 
production would represent about 70 percent 
of the United States market and 15 percent 
of the world market for cresols and xylenols. 

- No one presently has both the expertise and 
facilities in place to process this unique coal-
based stream. Some components such as 
guaiacol and catcchol are viewed as con-
taminants that boil at the same temperature 
as valuable isomers and are therefore very 
difficult to remove. ANG is confident that 
through product development work, one can 
separate these contaminants. 

- Certain isomers in Great Plains crude 
cresylics can be sold for up to $600 a barrel 
of oil equivalent after separation. It does not 
make good economic sense to continue burning 
this stream as fuel. 

From these facts, ANG states It Is evident that a 
thorough product development program should be un-
dertaken to move these products to market. This 
program includes the following activities: 

Cresylic Acids Development Program 

- Petrolite Caustic Extraction Testing 
- Bench-scale Caustic Testing 
- Glass Column Distillation Studies 
- Cresylic Upgrade Studies 
- Dual Solvent Extraction Pilot Plant 
- Pilot Plant Fractionation Column 

Rectisol Naphtha Program 

Rectisol naphtha, which is presently being burned as 
boiler fuel, Is a rich source of benzene, toluene, and 
xylune. At current spot market prices for benzene, 
this means GPGP is consuming a fuel worth about $80 
a barrel. 

A number of benzene users have expressed interest in 
Great Plains naphtha. However, because it Is coal 
based, there are some unique properties that could be 
roadblocks to potential users.	 The byproduct
development program includes: 

- Laboratory Bench Analysis 
- Ilydrodeallcylation Process Study 

Jet Fuel Study by DOE and Others 

Coal-derived liquids have the potential for production 
of high density Jet fuel. The United Stated Depart-
meat of Energy is currently funding a study and test 
program to investigate the feasibility and economics 
of producing JP-4 and other types of military-grade 
Jet fuels including high density Jet fuel. The study is 
also addressing integration of such a processing step

Rubber Process Oil 

The technical feasibility of making organic chemical 
additives for the tire industry from fractions of 
GPGP's tar oil will be investigated. Bench-scale 
blending in the GPGP laboratory on samples from 
fractionation of tar oil will attempt to produce 
material with characteristics similar to commercial 
rubber processing oils. Samples of successful formula-
tion will be sent to one or more tire companies for 
testing and evaluation In their own lab. 

Highway Construction Material 

The feasibility of producing an asphalt highway paving 
material for use in North Dakota will be investigated. 
This product is attractive from several standpoints: 

- It promises to provide a low-cost asphalt with 
superior qualities. 

- It makes use of an otherwise hard to handle 
residual material. 

- It raises the value of part of the tar oil from 
fuel value to about 83-90 cents per gallon. 

Pitch obtained from samples of fractionated tar oil 
will be blended with samples of fluid cat cracker bot-
toms and rubber chips to prepare samples that can be 
tested and evaluated. If tests are satisfactory, a 
processing scheme will be developed. 

Wood Preservatives 

Sales of the creosote portion of tar oil to United 
States railroads for treating cross-ties requires FIFRA 
registration. Additionally, the United States railroads 
require wood preservatives to meet American Wood 
Preservers Association specifications. These require-
ments will necessitate toxicity testing by an indepen-
dent laboratory on samples of material intended to be 
marketed in the United States. 

Replacement Fuels 

As the sale of liquid byproducts, either in the current 
form or as upgraded byproducts, materializes, BTUs 
are being removed froM the plant which, at present, 
are used as fuel for steam generation and in other 
furnaces. Replacement of these BTU's can be ob-
tained in the form of North Dakota crude oil, syn-
thesis gas, or coal tines. 
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SHELL COAL GASIFICATION PLANT ACHIEVES 
DESIGN CAPACITY TWO DAYS AFTER STARTUP 

Shell's demonstration coal gasification plant, (SCGP-1), 
is the latest step In the development of the Shell 
Coal Gasification Process. It began shakedown opera-
tion in mid 1987 on an Illinois No. 5 high sulfur, 
bituminous coal. According to information presented 
by Shell at the Seventh Annual Electric Power Re-
search Institute Conference on Coal Gasification, the 
unit achieved design throughput at design operating 
pressure after two days of operating time. SCGP-1 
consists of coal receiving and preparation facilities, a 
high pressure gasifier with high temperature energy 
recovery, solids removal and gas and water treating 
facilities. It produces medium BTU gas and steam 
which are used in an adjacent refinery's central power 
station. 

The Shell Coal Gasification Process is an entrained 
flow process which operates at elevated pressure un-
der slagging conditions. This technology has impor-
tant efficiency and environmental advantages. Some 
specific advantages listed by Shell are: 

- Complete conversion of any coal 

- Large unit capacity 

- high thermal efficiency 

- Clean gas production without formation of 
byproducts 

- Environmental acceptability 

- Flexible product slate 

The Royal Dutch/Shell Group of companies began 
work on this gasification process in 1972. In 1976, a 
process development unit feeding six tons per day was 
put into operation at the laboratory in Amsterdam. 
A 150 ton per day experimental unit was operated in 
hlarburg, West Germany. The SCGP-1 is designed to 
run a variety of coals at rates from 250 tons per day 
of high sulfur, bituminous coal to 400 tons per day of 
high ash content lignite. 

The process design of 3CGP-1 was completed In May 
1984, Detailed engineering design work was initiated 
at this time. Site preparation and civil work were 
begun in May 1965. Turnover of the plant was com-
pleted in March 1387. 

Shell Development Company, a division of Shell Oil 
Company, is operating SCGP-l. The site of SCGP-1 
is Shell's Deer Park Manufacturing Complex which is 
located on the Houston Ship Channel just east of 
Houston, Texas as shown In Figure 1. 

Process Description 

Crushed coal is pulverized and dried in a single 
operation.	 Dry, pulverized coal is pressurized in a 
feed lockhopper system.	 high pressure nitrogen is 
used to perform the pressurization. 	 Coal is fed to
the gasifier using dense phase pneumatic transport.

Coal, oxygen and steam (when used) enter the gasifier 
through the coal burners. The ash is converted to a 
molten slag.	 Raw gas leaving the gasifier is 
quenched with a recycle gas stream. It is further 
cooled In the syngas cooler. The syngas cooler con-
sists of steam superheater, steam generation and 
economizer sections. 

Some of the ash in the coal leaves the gasifier as 
molten slag via the slag tap. The remainder leaves 
the gasifier as flyslag mixed with the raw product 
gas. The slag is depressurized and removed for use. 

The wet solids removal system cools and purifies the 
syngas exiting the dry solids removal system. It 
removes residual entrained particulates. Ammonia  and 
other trace contaminants are also removed by contact 
with the aqueous stream. 

The syngas leaving the wet solids removal section 
contains H 2S and COS. These contaminants are 
removed in the SIJLFINOL acid gas removal unit. 
The product gas is sent to Deer Park's central power 
station as fuel. 

Plant Performance 

The unit achieved design throughput at design operat-
ing pressure after two days of operating time. 
Treated syngns was introduced into the refinery 
central power station alter three days of operating 
time.	 Typical operating conditions and key results 
are given in Table 1.	 The composition of treated 
product gas is given in Table 2. 	 The slagging ef-



ficiency has averaged 50 percent. 

Shell states that they have had very good experience 
with most parts of the plant. The key parts of the 
process, the gasifier and coal feed system performed 
well and met or exceeded expectations. The gas 
cleanup system also worked well. 
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TABLE 1

S(XW OPERATING CONDITIONS AND RESULTS 

Coal Feed Rate 250 Tons/Day 
Oxygen/Coal	 (MAF) 0.94 
Steam/Coal	 (MAF) 0.00 
Pressure 25 Atmosphere 
Carbon Conversion 99% 
Product Gas Rate 32 MIb/Ur 
Steam Production 34 MIb/Ur 
Cold Gas Efficiency 78% 

at Gasifier Exit 1.6% 

TABLE 2

SOW-i PRODUCT GAS COMPOSITION 

Component	 % Volume(Dry, 142 Free) 

CO 70.6 
29.1 

0.1 
CH4 <0.01 
Ar 0.2 

+ 0)3 100 ppi 
NH 3 <10 pixi

During the early phase of operation, the coat receiv-
ing and milling portions of the plant were problem 
areas. The mill had been reconditioned alter being 
used in an earlier synfuels project. The water treat-
ment area required minor revisions. These problems 
have been resolved. 

THIRTEEN ORGANIZATIONS INDICATE INTEREST IN 
GREAT PLAINS PLANT 

The United States Department of Energy announced 
on October 9 that it had authorized Shearson Lehman 
Brothers to begin marketing the Great Plains Coal 
Gasification Plant. Shearson Lehman, which is serving 
as the Energy Department's financial advisor in ef-
forts to divest several federal assets, began by dis-
tributing a 100-page sales document, termed a 
"descriptive memorandum," to prospective buyers. 
The document outlines the plant's history, its produc-
tion processes, financial status and other relevant In-
formation.

Issuance of the document was the initial step of a 
two-phase process to sell the Great Plains plant. In 
the first phase, prospective buyers were asked to 
submit an indication of interest, a preliminary bid 
proposal and a statement of financial qualifications to 
Shearson Lehman by November 20, 1987, The Energy 
Department and Shearson Lehman will review the 
preliminary offers and select qualified bidders. Thir-
teen organizations submitted the required expression 
of interest by November 20. 

In the second phase, qualified bidders will be invited 
to submit formal purchase proposals. The most at- 
tractive offer will then be selected for negotiations. 
The department hopes to close the sale by September 
1988. 

The descriptive memorandum likens the GLcat Plains 
plant to a natural gas field containing reserves in 
excess of 1.1 trillion cubic feet. But unlike typical 
gas fields, the document notes, production from Great 
Plains will not decline over time "providing very long-
term production at predictable and controllable costs." 

The sales document also notes that the plant's produc-
tion costs are substantially below original projections, 
and although it was unable to generate sufficient 
revenue to repay its original construction debt, the 
plant is currently generating "substantial positive cash 
flow." 

In the 12-month period ending June 30, 1987, the 
project earned an operating profit of $15.8 million on 
revenues of $175 million. Under long-term gas pur-
chase agreements, the Great Plains synthetic gas Is 
sold to four pipeline companies at an average price, 
for the three months ending June 30, 1987, of 
$3.71 per million STU's. 

The plant also profitably produces and sells ammonia 
and sulfur byproducts and has the potential to 
manufacture additional products Including benzene, ar-
gon, phenol and cresylic acids. 

The descriptive memorandum cites several reasons 
why prospective purchasers should consider investing 
In the Great Plains project. Among them are: 

The fact that the plant Is currently profitable 
and Is generating substantial positive cash 
flow 

The project offers additional opportunities to 
a new owner, including the potential to en-
hance revenues by increasing gas production 
rates and/or expanding the plant's product 
slate 

- Ownership of the plant is strategically valu-
able as a long-term, stable supply of synthetic 
natural gas and as a basis for gaining ex-
perience in commercial-scale synthetic fuel 
processes. 
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CORPORATIONS 

COMBUSTION ENGINEERING NOTES ACTIVITY IN 
FLUIDIZED BED COMBUSTORS 

With awards for 14 plants in North America, totaling 
27 circulating fluid bed (CFB) boilers, Combustion En-
gineering (C-E) says that it is attaining a leadership 
position in this combustion technology. The commer-
cial application of CFB boilers in North America was 
pioneered by C-E and Lurgi GmbH of West Germany. 
Their original joint venture was recently modified to 
give C-E the primary responsibility for marketing the 
C FO process and executing projects in North America. 

The latest award involving this technology will result 
in the largest cogeneration power plant in the world 
to use CEll boilers. C-E, through its Lummus Crest 
subsidiary, has a $330 million contract to design and 
construct a 300 megawatt coal-tired cogeneration 
plant and adjacent carbon dioxide production facility 
for Applied Energy Services, Inc. in Shady Point, Ok-
lahoma, 120 miles southeast of Tulsa. 

C-E notes that the circulating fluid bed boiler is par-
ticularly effective in situations where hard-to-bum or 
low-grade fuels are used and where strict environmen-
tal requirements must be met. By introducing ab-
sorbent limestone into the combustion chamber, a 
CFB boiler removes pollutants without the need for 
additional emission controls 

In May 1997, C-E was awarded another CPS power 
project In eastern Pennsylvania's anthracite coal 
region. This is C-E's fourth C Fl) project in the area. 
In a contract with Blount International Inc., valued at 
more than $34 million, C-E will supply CFB steam 
generating equipment for an 80 megawatt cogenera-
tion plant near Pottsville, Pennsylvania. Anthracite 
culrn will be converted to steam for a charcoal 
manufacturing plant, and electricity will be purchased 
by Pennsylvania Power and Light Company. 

Ultrasyste;ns Inc. of Irvine, California has contracted 
with C-E for CFB boilers and process technology for 
two waste-wood-fired power plants near Fresno and 
Rocklin, California. C-E also expects to supply CFB 
boilers and process technology to Ultrasystems for 
two coal-fired cogeneration plants near Bakersfield, 
California. These plants will sell steam to nearby 
enhanced oil recovery operations and electricity to 
utilities. 

TEXACO TO STUDY HOT GAS SULFUR REMOVAL 
IN TEXACO GASIFIER 

The Unites States Department of Energy and Texaco, 
Inc., have initiated a five-year cooperative test 
program to study hot gas sulfur removal in the 
Texaco coal gasification system.

Turning coal into a gas for use in gas turbines is at-
tracting increasing attention from utilities as a clean, 
highly efficient way to generate electricity. 
Bolstered by the success of the Cool Water Gasifica-
tion Combined Cycle Plant in California, the concept 
Is being viewed not only as a candidate for new 
electric plants but also as a way to modernize aging 
power stations. 

Now Texaco hopes to improve the concept. The two-
phase $17 million effort will examine ways of reduc-
ing sulfur emissions from hot coal gases while 
eliminating the separate cold cleanup step used at 
Cool Water. This technique could reduce or eliminate 
the need for separate cleanup devices downstream of 
the gasifier and would also remove the need for a 
complex system of heat exchangers or other devices 
that are necessary to cool the hot coal gases to tem-
peratures that can be handled by conventional sulfur 
removal systems. 

The experimental technique involves injecting sorbents 
such as iron oxide or calcium compounds directly into 
the gasification vessel. In situ capture has been tried 
successfully before in fixed bed gasifiers and fluidized 
bed gasifiers. But the new series of tests will he 
tried In Texaco's entrained flow gasifier. 

The tests will take place at Texaco's Research and 
Development Center in Montebello, California, using 
an existing one-ton per hour gasifier. Each phase of 
the five-phase test program will last about a year and 
will be contingent upon the success of the previous 
phase. 

The programs first phase will concentrate on the 
technical feasibility of injecting sorbents directly into 
the hot coal gases as they move through the gasifier. 
Oxygen will be used in the gasification process. An 
external, high-temperature sulfur cleanup system will 
also be Installed in the ductwork leading from the 
gasifier and studied as a backup system. 

In the second phase, air will be substituted for the 
oxygen, and both In situ and external sulfur cleanup 
systems will be studied. The last three phases, if ap-
proved, will be devoted to designing, installing and 
operating an integrated pilot system to determine 
operating characteristics and economic and environ-
mental performance. 

Texaco has agreed to contribute a minimum of 
20 percent of the projected $17 million total cost of 
the program. 
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BATTELLE WINS DOE FUNDS FOR MULTI-SOLIDS 
FLUIDIZED GASIFIER 

A "multi-solid fluidized bed" coat gasification process 
will be explored under a two-year contract awarded 
by the United States Department of Energy to Bat-
telle, Columbus Division. The contract is a phased 
effort which could be worth up to $790,000. 

Rather than relying on a single gasifier vessel, the 
multi-solid fluidized bed approach links two vessels. 
One serves as a heat-producing combustor, burning 
coal char in a suspended bed of dense material such 
as gravel. The dense matter retards the movement 
of the lighter char particles long enough to allow 
them to be heated to temperatures of 1,200-
1,800 degrees F. Ultimately, however, fast-moving 
gases circulating through the two-stage system sweep 
the hot particles out of the bed and into a second 
vessel where they encounter fresh coal and transfer 
their heat. 

Coal is gasified with steam in the second vessel. The 
product is a medium-BTU gas and residual char. The 
char can be returned to the first vessel for combus-
tion. The medium-BTU gas can be used as a fuel for 
boilers and turbines or as a chemical feedstock. 

The two-stage technique has the potential for being 
used either as an advanced coal gasifier or as a "mild 
gasification" vessel. At higher temperatures-- 
approaching1,800 degrees F — mainly gaseous products 
would be made, much like a conventional gasifier. In 
the mild gasification approach, temperatures would be 
lowered to around 1,200 degrees F, and the gas evolv-
ing from the heated coal would be separated into two 
products, a fuel gas and a light liquid fuel. 

A major advantage of the multi-solid approach Li that 
It uses air instead of oxygen to create the medium-

BTU gas. Also, limestone can be added to the bed to 
capture sulfur pollutants. This reduces or eliminates 
the need to add separate sulfur-removal equipment, 
also lowering capital and operating costs. 

Using the federal funding, Battelle will conduct initial 
screening experiments in a small facility with a 
capacity of approximately 10 pounds of coal per hour. 
If the concept proves technically feasible, further 
tests may be conducted in an existing research unit 
with a capacity of approximately 100 pounds of coal 
per hour. An engineering assessment of the ex-
perimental results is also planned to provide a better 
estimate of the benefits of the multi-solid fluidized 
bed approach. 

HUMPUREYS a GLASGOW AND NYKOMB OFFER 
NEW PROCESS 

Humphreys & Glasgow Ltd. of London, and Nykomb 
AS of Stockholm, will market a coal gasification 
process called Clean Power Generation for the gener-
ation of base-load electricity. They say that acid 
gas, sulfur, and nitrogen oxide emitted from the 
process are as low as those from the combustion of 
natural gas, amounting to only 10 percent of the 
emissions from comparable conventional coal fired 
power stations equipped with flue gas cleanup sys-
tems. 
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GOVERNMENT 

DOE SELECTS FIRMS TO STUDY CLEANING 
TECHNIQUES FOR "MODERATE SULFUR" COALS 

The United States Department of Energy has extended 
its advanced coal-cleaning program to include so-
called 'moderate" sulfur coals with the selection of 
seven firms to share in $3.8 million in federal re-
search funds. 

The seven firms, which include coal producers, equip-
ment suppliers and coal-consuming utilities, are: 

AMA' Research & Development Center, Golden, 
C olorado 

Michigan Technological University,	 Houghton, 
Michigan 

Westinghouse Electric Corporation, 	 Pittsburgh, 
Pennsylvania 

Pennsylvania Electric Company, Johnstown, Pen-
nsylvania 

Battelle-Columbus Division, Columbus, Ohio 

Management and Technical Consultants, Inc., 
Colombia, Maryland 

Otisca Industries, Ltd., Syracuse, New York 

Working through the Pittsburgh Energy Technology 
Center, each firm will begin development efforts In 
one of two categories of cool cleaning: (1) advanced 
physical cleaning techniques which remove the mineral 
impurities, including certain types of sulfur, form 
coal; and (2) ancillary operations which include such 
functions as fine grinding, handling and drying that 
are critical to the success of all coal-cleaning tech-

105. 

Historically, much of tile federal research to boost 
the effectiveness of pre-combustion coal cleaning has 
concentrated on high sulfur coals —coals witli sulfur 
contents that constitute more than 2.5 percent of 
their weight. Nearly tOO million tons of high sulfur 
coal are burned each year in power plants built 
before 1078, the year new Clean Air Act standards 
required new plants to remove up to 90 percent of 
the sulfur from coal before exhausting their combus-
tion gases to the atmosphere. 

The Energy Department is continuing Its efforts to 
"deep clean" high sulfur coals so that utilities can 
meet the emissions standards without installing power 
plant scrubbers. Many utilities, however, also burn 
"moderate sulfur" coal —coal with sulfur contents be-
tween 0.75 and 2.5 percent. In fact, more than 
260 million tons of moderate sulfur coal are burned 
each year In the United States--more than two and 
one-half times the amount of high sulfur coal. 
Moderate-sulfur coal burning accounts for nearly half

of the sulfur emissions released each year from 
electric utilities. 

Reducing air pollutants from these moderate sulfur 
coals may not require the harsh cleaning techniques 
needed for their high sulfur counterparts. The Energy 
Department's goal is to develop a suite of processes 
that will permit older coal-burning facilities to reduce 
their sulfur emissions to levels comparable to those of 
newer power plants regulated by the Clean Air Act. 

AMAX will develop a novel "heavy-liquid cyclone" 
process. In this technique, to be tested at their 
Golden, Colorado laboratories, impurities are separated 
by spinning coal particles mixed with a dense liquid--
such as sulfuric acid--in a cyclone. Centrifugal force 
separates the light coal particles fro-ii the heavier 
mineral matter. 

Another version of the cyclone approach to coal 
cleaning, known as the Air Sparged Hydrocyclone 
Technique, will he tested by the Pennsylvania Electric 
Company at the Electric Power Research Institute's 
coal-cleaning test facility in Homer City, Pennsyl-
vania, The test unit to be installed at Homer City 
will process about 300 bounds of coal per hour. The 
process was developed by the University of Utah. 

Michigan Tech's approach will use inexpensive chemi-
cals to induce or enhance the magnetic properties of 
coal's mineral matter, much of which is iron-bound 
sulfur. By subjecting the chemically treated coal to 
a magnetic field, much of the mineral matter can be 
separated. 

Westinghouse proposes to continue development of a 
process originated by University of Pittsburgh re-
searchers under a 1985 Energy Department contract. 
The technique l.s termed the LICADD procass for liq-
uid carbon dioxide. The liquid carbon dioxide is used 
to separate mineral matter from coal without increas-
ing the coal's moisture content as do many water-
based washing techniques. The dry powdered product 
could be used in utility boilers, diesel engines or gas 
turbines. 

The remaining three projects will concentrate on the 
ancillary or supporting operations for coal cleanin-g. 

Battelle proposes to develop a coal slurry analyzer 
that would measure the levels of ash, sulfur, iron and 
solids in tile coal at various stages in the coal-
cleaning plant in a continuous on-line operation. 

Management and Technical Consultants will work on 
Improving three ancillary operations. Researchers will 
Investigate a hydraulic shock procedure to break coal 
into fine particles that makes the removal of mineral 
matter easier. They will also examine the use of a 
fuel efficient coal-fired pulse combustor as a tech-
nique for drying the coal. To make the fine coal 
easy to handle and transport, the firm proposes to 

4-11	 SYNTHETIC FUELS REPORT. DECEMBER 1987



study a technique to melt the coal into a plastic 
state that can be formed Into uniform lengths as 
desired. 

Otisca will Investigate the extent to which coal and 
mineral matter can be separated by physical 
processes. The project could lead to a more reliable 
method for predicting how well certain coals can be 
cleaned. 

DOE AWARDS CONTRACTS FOR MILD 
GASIFICATION STUDIES 

The United States Department of Energy (DOE) has 
picked four research teams to carry out first-phase 
efforts to explore the mild gasification of coal, a 
category of potentially tower cost coal conversion 
processes that produce liquid and solid coproducts in 
addition to coal-derived gases. This multi-product 
slate could make "mild gasification" a future fuel 
producer for the industrial, residential and perhaps 
even the transportation sectors of the energy market. 

To explore the use of a mild gasification product in 
one of those market applications--locomotive engines--
the department, in a separate action, has also 
awarded a $100,000 grant to another research team. 

The four project teams selected to develop second 
generation approaches to mild gasification are: 

- The United Coal Company Research Corp., 
3ristol, Virginia —whose team includes Foster 
Wheeler Development Corp., Solar Turbines, 
Inc.; and Southwest Research Institute. 

- The University of North Dakota Energy and 
Mineral Center, Grand Fork, North Dakota--
wit', subcontractors	 AMAX,	 Inc.,	 and
J. E. Sinor Consultants Inc. 

- The	 Western	 Research	 Institute	 (IV RI), 
Laramie,	 Wyoming—whose team includes
AMAX Inc., and Riley Stoker Corp. 

- The Institute of Gas Technology (IGT), 
Chicago, Illinois —overseeing work by Peabody 
Holding Company, Inc.; Bechtel National Inc.; 
and Caterpillar, Inc. 

Pending successful completion of these first-phase ef-
forts, these teams could be eligible for $13.5 million 
in funding over the three-year anticipated duration of 
the program. If successful, these research efforts 
could reopen an area of synthetic fuel technology 
once thought to be too inefficient and incapable of 
producing fuels of sufficient quality to warrant com-
mercial interest. 

According to DOE's definition, mild gasification 
processes Involve heating coal In an oxygen-free ves-
sel at near-atmospheric pressure and at relatively low

temperatures, typically between 1,100 and 1,500 de-
grees F. Under these mild conditions, the gas that 
evolves from the heated coal can be separated into 
two products:	 a fuel gas, and a liquid fuel. 	 The
third product Is solid char. 

Although the basic concept of mild gasification--
heating coal in the absence of air--can trace its roots 
back to the early 1800s, existing technology has not 
been capable of generating products of sufficient 
quality and quantity to make the concept economi-
cally and environmentally acceptable in United States 
markets. 

In the Initial phase, scheduled to last five months, re-
searchers will examine the technical feasibility of 
specific processes and assess various Industrial 
markets that might use the liquid and solid products. 

Based on the data developed, the Energy Department 
will select one or more of the concepts for the 
second phase of the program, which will involve the 
construction of small-scale, experimental systems. 
The third phase, If the processes selected prove to be 
technically feasible, will involve the design and con-
struction of a larger development unit that would in-
tegrate all of the process steps. The design and an 
economic evaluation of a 1,000-ton per day mild 
gasification demonstration plant will also be prepared 
as part of the third phase. 

Locomotive Engines 

DOE states that one potential market for the fuel oil 
produced by mild gasification is the railroad sector. 
Because it depends almost solely or, diesel fuel, 
today's railroad industry Is impacted severely by 
swings in the price of crude oil. The Energy 
Department has already begun several projects to fuel 
locomotive engines with fuels such as coal-water 
slurries, but in virtually all cases, the locomotive en-
gine must be modified. 

A $100,000 grant from the Energy Department has 
been awarded to United Coal Company Research Cor-
poration, the Commonwealth of Virginia, and CSX 
Railroad Corporation to investigate whether a liquid 
fuel produced from mild gasification can be burned in 
an unmodified locomotive engine. 

United Coal will obtain 20,000 gallons of mild 
gasification products from Coalite Group PLC of the 
United Kingdom and distill it into various fuels for 
testing in a small-scale diesel locomotive engine. 
Tests will study power, fuel consumption, fuel flow 
rates, power rating, injection techniques, exhaust 
emissions, engine wear and overall performance. One 
distillate may be tested in a full-scale locomotive. 
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DOE ISSUES SOLICITATION FOR SMALL BUSINESS 
INNOVATION RESEARCH

Coal Cleaning, Coal Slurry Technology, and Coal Size 
Reduction 

The United States Department of Energy (DOE), Of-
fice of Energy Research has issued a Program 
Solicitation for "Small Business Innovation Research." 

This program solicitation is issued pursuant to the 
Small Business Innovation Development Act of 1982, 
Public Law 97-219. Under Phase I, DOE anticipates 
making approximately 100 firm, fixed-price awards 
during fiscal year 1988 to small businesses in amounts 
up to $50,000 for 6.5-month project period. The 
successful completion of Phase I will be a prerequisite 
to a Phase II proposal, and the proposed Phase II 
studies must be in the same technical topic and sub-
topic as the Phase I studies. 

Phase II awards are expected to be made during fiscal 
year 1989 to firms with approaches that appear suffi-
ciently promising as a result of the Phase I effort. 
Phase II cost-reimbursable awards are expected to he 
in amounts up to $500,000 and to cover a period of 
tip to 24 months. It is anticipated that one-third to 
one-half of Phase I awardees will receive Phase II 
awards, depending on Phase I results and availability 
of funds. Phase II is the principal research and 
development effort. 

Under Phase III, it is intended that non-federal capital 
be used by the small business to pursue commercial 
applications of the research or research and develop-
ment (R& W. Also, under Phase III, federal agencies 
may award non-SDIR (Small Business Innovation 
Research) funded follow-on contracts for products or 
processes that meet the mission needs of those 
agencies. 

The due date on the solicitation Is January 22, 1988. 

In the area of coal conversion, proposals are sought 
on the following subtopics: 

Clean Utilization of Coal and Coal-Based Fuels 

In using coal-based fuels (e.g., micronized coal, coal 
slurries, and inlnl.nally cleaned, coal-derived gas) In 
internal combustion engines, proposals are sought for 
ne.i approaches to (1) anti-sludge, reduced wear 
lubricants, (2) combustion control (e.g., location of 
initial combustion and flame propagation, including 
novel head, chamber, and crown designs for combus-
tion control, and Injector technology improvements), 
and (3) methods for preparing, handling, and injection 
of alternative fuel forms which Include powders, 
pyrolysis fuels, and coal distillates. 

Innovation in the direct conversion of fossil fuels to 
electrical energy, via fuel cells, is invited particularly 
in the areas of (1) new high temperature ceramics 
possessing strength, porosity, electronic or ionic con-
ductivity, and stability to thermal cycling, corrosion, 
and dissolution; (2) polymers with ionic or electronic 
conductivity suitable for use as electrolytes, 
electrodes, or wetting control agents; and (3) new cell 
concepts for the co-production of chemicals and 
electricity.

The objective is to derive a method of developing a 
cleaned coal product that can be used interchangeably 
with fuel oil or natural gas, with minimum retrofit. 

Innovative Coal Conversion Technology 

The objective In this area Is to initiate or advance 
the development of novel approaches to the derivation 
of fuel gas, synthesis gas, or liquid fuels from 
American coals. Proposals are invited with emphasis 
on significant process cost improvements by way of 
innovative process chemistry, reaction concepts, and 
catalyst systems, rather than on incremental im-
provements to conventional gasification and liquefac-
tion processes. 

Hot Gas Cleanup 

The objective of this subtopic is to develop Innova-
tive, effective, and economic processes for high tem-
perature, high pressure cleanup devices for coal-fueled 
gas turbine systems. Research is solicited that ad-
dresses techniques for removing contaminants to levels 
that are compatible with gas turbine systems and 
reducing emissions to levels below the pro.aulgated 
standards for pulverized coal boilers. 

DOE has particular interest in proposals for the 
development of a high temperature, high pressure 
membrane system for the separation or concentration 
of selected contaminants. As this membrane system 
would need to operate in a pressurized system (above 
100 psi) and at temperatures above 1,200 0 F, the gas 
separating membranes would probably be m ade from 
an Inorganic material such as a ceramic. 

Flow Instrumentation 

Measurement of key variables in the flow of multi-
phase process streams involves direct measurement of 
the mass flow or measurement of variables such as 
density and velocity at temperatures of 480 0 C 
(900 0 F) and pressures up to 13.8 liPa (2,000 psi). 
For some applications, such as transport of solid-
bearing streams (e.g., coal-oil or coal-water) where 
phase separation is possible, techniques are sought 
capable of monitoring the solid phase flow to an-
ticipate upset process conditions. For systems in 
which some deposition can be tolerated, measurement 
of the existence and the extent of the deposits Is 
sought. Also sought are instruments for monitoring 
spatial flows in larger process components and vessels 
such as pumps, compressors, separators, and reactors 
(including entrained, fluidized, and ebullating beds). 

Hot Reaction Zone Control Systems 

Instruments and control systems having essentially in-
stantaneous response to process variables of interest 
must be developed to permit integrated automatic 
control of advanced fossil energy processes. 
Measurements must be taken in the hot reaction zone 
where process control must be effected: downstream 
measurements Introduce excessive time lag and the 
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possibility of altered relationships giving rise to faulty 
measurement. Process conditions involve a mixture of 
solid matter with liquids or gases or an undefined 
mixture of the two types of fluid. Instruments for 
on-line measurement and control of the concentration 
of solids in solid/fluid flow are sought. 

On-line Analysis of Gas Stream 

Gas streams, such as product gas streams are corn-
posed of a mixture of gases carrying a mixture of 
solid particulates and condensate particulates 
(droplets) which form and grow as stream temperature 
drops. Knowledge of the composition of both gases 
and solids is essential to process control. Instrumen-
tation is sought for the essentially instantaneous 
measurement of the molecular composition, ab-
sorptivity, and specific heat of gas streams as well as 
monitoring of harmful species, especially in optically 
dense flows. 

Biological Beneficiatlon of Fossil Energy Resources

Biological Processing of Fil Energy Resources 

Improved approaches are sought for processing fossil 
resources through use of microorganisms or their 
products. Processes, processing systems, and process-
ing equipment are all of interest under this subtopic. 
It is desired to develop a mierobially-produced surfac-
tant or stabilizer that can be used to prepare stable 
suspensions of a variety of solid-liquid combinations, 
and to lower the cost of stabilizers for such suspen-
sions. Methods based on nonaqueous systems are of 
particular interest. Processing equipment must be 
able to handle finely divided solids suspended In water 
or organic solvents without becoming plugged or 
having to operate at low solids loading.	 Bioreactors
must have the ability to process mixtures containing 
filamentous microorganisms. Reactor subunits should 
cost-effectively separate organisms having the desired 
processing ability and remove all other undesirable or-
ga nis ms.

0*011 
Novel microorganisms or their products are sought to 
remove organic and inorganic contaminants from typi-
cal United States resources at mild operating condi-
tions.	 Areas of interest Include desulfurization, 
nitrogen removal, and ash removal. Microorganisms 
or their products may be employed in aqueous or non-
aqueous systems; nonaqueous systems are especially 
attractive. 

Development and characterization of such new 
microorganisms, understanding of the biochemistry in-
volved in their activity, and methods for enhancing 
their activity are also sought. Particularly of interest 
under this subtopic is the exploration for new types 
of microorganisms or their products which have the 
ability to (1) selectively modify the surface properties 
of the contaminants, thereby enhancing the effective-
ness of physical beneficiation with minimal BTU loss, 
(2) degrade sulfur-containing molecules in the resource 
followed by release of the sulfur as sulfate or other 
disposable residue, or (3) solubilize or release ash-
forming materials. 

Conversion  of Peas!! Energy Resources 

Types of resource modifications may include, but are 
not limited to, conversion of fossil energy resources 
to liquid or gaseous fuels, viscosity reduction of high 
viscosity materials, and release of organic materials 
bound in inorganic matrices, such as kerogens bound 
in oil shales. All fossil energy resources are of in-
terest under this subtopic; i.e., coal, natural gas, 
heavy oils, tar sands, and oil shale. Microorganisms, 
enzymes, or other products of microorganisms that 
have the ability to modify the structure of fossil 
energy resources and result in a fuel form that is 
more amenable to processing or utilization are sought. 
Biocatalysts in nonaqueous systems are especially in-
teresting. Proposals are solicited for research on the 
biochemical mechanisms by which these conversions 
Occur.

DOE ADVISORY GROUP ISSUES RECOMMENDATIONS 
FOR COAL GASIFICATION RESEARCH 

The United States Department of Energy's Working 
Group for an Assessment of Coal-Gasification Re-
search Needs (CO GA a N - coal gasification advanced 
research needs) has reviewed and evaluated United 
States programs dealing with coal gasification for a 
variety of applications. Cost evaluations and en-
vironmental impact assessments formed important 
components of the deliberations. They examined in 
some depth each of the following technologies: coal 
gasification for electricity generation In combined-
cycle systems, coal gasification for the production of 
synthetic natural gas, coal gasifiers for direct 
electricity generation in fuel cells, and coal gasifica-
tion for the production of synthesis gas as a first 
step in the manufacture of a wide variety of chemi-
cals and fuels. Both catalytic and non-catalytic con-
version processes were considered. The group con-
structed an orderly, long-range research agenda on 
coal science, pyrolysis, and partial combustion in or-
der to support applied research and development relat-
ing to coal gasification over the long term. 

The COGARN studies were performed in order to 
provide an independent assessment of research needs 
In fuel utilization that involves coal gasification as 
the dominate or an Important component. The find-
ings and research recommendations of the COGAUN 
group are summarized in report DOE/ER-0326, "Coal 
Gasification: Direct Application and Synthesis of 
Chemicals and Fuels." 

Included in the study are all direct uses of the gases 
produced fro,n coal, as well as conversions of product 
gases to chemicals and liquid fuels (indirect coal 
liquefaction). The research priorities were arrived at 
by the 10 GOGARN members working as a group and 
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therefore represent a consensus on research needs. 
Research needs were defined after a 12-month period 
of review and study, where discussions were held with 
many coal-gasification experts alter presentations of 
on-going research by resident scientists and engineers. 
Some fifty experts provided technical inputs. In addi-
tion, COGARN solicited external reviews of the study. 

The report notes that the gasifier is part of a com-
plex integrated system, and It must accordingly be 
optimized as a unit operation within the context of 
the overall system.	 The proper perspective is total 
economic return. Coal gasification is always per-
formed in connection with a downstream process. 
The primary emphasis may be on electricity gener-
ation, on syngas production for pipeline applications, 
or on syntheses of fueis and chemicals. 

The multi-product slates and opportunities for multiple 
applications make coal-gasification systems unique in 
the chemical process industries and offer Important 
opportunities for cooperation In research between 
government and a variety of important United States 
industries. 

Members of the COGARN Working Group were asked 
to Identify primary areas for research emphasis in or 
der to advance the art and science involved in the 
construction of improved coal-gasification systems. A 
compendiumof the 18 highest priority research tasks 
identified by COGARN members is summarized in 
Table 1. This list was distributed to COGARN men-
hers with a request to identify the top four priority 
Items. Their weighted preferences (with ten for first 
priority, five for second, two for third, and zero for 
fourth) are given in Table I.

The report emphasizes that It is Inappropriate to at-
tach special significance to the listed numerical 
values, because these numbers were arrived at by 
using the arbitrary weighting of 10, 5, 2, and 0 for 
the first four choices. Any different weighting sys-
tem would have yielded different numbers for the 
final weighted priorities. 

Examination of the data listed in Table 1 shows that 
all of the listed research and development areas have 
their proponents, which is inevitable in view of the 
procedure used to obtain the list of entries from 
COGARN members with diverse interests and respon-
sibilities. The report concludes that all of the items 
listed in Table I are important and merit support. 

The summary states that: 

- Each of the topics	 represents a vital re-
search area in the advancement and improve-
ment of cost-effective coal-gasification sys-
tems. 

- Priority rankings reflect the background and 
problem areas faced by individual investigators 
and cannot be made in an absolute sense. 

Research and development efforts nerlt -sup-
port provided they (a) offer the promise of 
significant advances through innovative new 
approaches or (b) bring significant cost savings 
through incremental improvements in com-
ponent operation. There are no entries In 
Table I that do not meet one of these two 
requirements. 

TABLE 1 

SUMMARY OF THE HIGHEST PRIORITY RESEARCH AND 
DEVFLOP1T AREAS tD1TI Fl ) WGARN MEMBERS 

Weighted 
Priority	 Priority Research and Developrent Areas 

4.0 Continue fundamental research aimed at improved understanding 
of thebehavior of coals in gasifiers. This work should in-
clude gasification catalysts and feed-preparation methods. 

7.7 Develop hot-gas clean-up techniques and especially hot 
sulfur-removal systems, in-bed sulfur capture, and hot fil-
ters. 

	

4.2	 Identify preferred gasifier configurations and perform 
materials research for REQ systems. 

2.9 Develop and characterize slurry reactors to produce methanol 
and higher alcohols for fuels, together with electricity, 
from synthesis gas. 

	

6.0	 Develop improved production techniques for oxygen. 
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TABLE I (Continued) 

6.9 Develop and test diagnostic techniques for inproved measure-
mats of (a) inflows of solids and liquids and (b) local 
reactor conditions In gasifiers to inprove scale-up proce-
dures of solid-feed reactors. 

3.4 Obtain expanded data for equilibria and kinetics involving 
sulfur compounds in alternate clean-up systerm (including 
sulfur redox reactions in liquid aqueous and other solvents). 

4.3 Evaluate the integrated performance characteristics of ad-
vanced (pressurized) gasification technologies in combination 
with alternate downstream processing for both oxygen- and 
air-blown systems. 

	

1.9	 Inprove and validate scale-up procedures for coal gasifiers. 

6.9 Develop a greatly expanded environmental data base for emis-
sions, fates, and associated health hazards of trace con-
stituents emanating from coal-gasification system. 

6.3 Determine limiting capacities of individual equipnnnt in 
demonstration coal gasification facilities, in order to ob-
tain data for optimum design of future plants. 

4.6 Develop chemical and physical understanding of ocal-
conversion phenomena and their relations to (a) char fornn-
tion, (b) ash forrmtion, (c) condensable products chemistry, 
and (d) catalytic effects. 

	

3.8	 Develop comprehensive (numerical) models for gasifiers and 
validate and inprove these models. 

	

4.9	 Characterize the properties of gasification residues, includ-
ing chemical analyses, leachability, and disposal methods. 

2.2 Define new and better syntheses (especially of ethanol from 
syngas) and determine the suitability of C 1 to C5 alcohols as 
fuels. 

	

3.0	 Perform needed R&D to define opportunities for direct use of 
low 112 to cC ratios in chemical syntheses. 

	

1.6	 Support research for total upgrading of Fischer-Tropsch 
products. 

	

3.6	 Investigate the applicability of knowledge-based expert sys-
tems,	 artificial intelligence and advanced computational 
methods to the design of integrated coal-gasification plants. 
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WYOMING DECIDES ON FUNDING FOR COAL 	 The Energy Brothers plan calls for a prototype K-fuel 
PROJECTS	 plant to be used as a working model for a commer-

cial plant that by 1992 could be producing 1.4 million 
Charftiel Project	 tons of the peilated fuel annually. 

In early September, the Wyoming Investment Loan 
Committee awarded two grants totaling $19.7 million 
from a $30 million fund established by the 1987 
Wyoming legislature to promote clean coal technology 
or coal enhancement projects. Charfuel of Wyoming, 
Incorporated, a subsidiary of Carbon Fuels Corporation 
of Colorado, was awarded $8 million for construction 
of a demonstration plant at Pacific Power & Light's 
(PP&L) Dave Johnston generating station at Glenrock, 
Wyoming. The Charfuel process will convert coal to 
a charfuel (a slurry of coal char and coal liquids) and 
then burn it in the boiler of a 100-megawatt gener-
ating unit. 

CharfueLs had received $ million in ra nts and loans 
for the same project from the Exxon Restitution 
Fund; however, these funds were not approved by the 
United States Department of Energy because the state 
of Wyoming had not used a competitive procedure to 
award the funds. Charfueis then reapplied for the 
$4 million under a competitive procedure. 

The Investment Loan Committee will consider granting 
Charfuels an additional $10 million If enough private 
investors become involved in the project. 

Construction on the 500 ton per day plant Is set for 
mid-1988. The project involves retrofitting the boiler 
of a tOO-megawatt unit to burn the slurry of oil/char 
that will be produced by the charfuel processing plant 
to be built adjacent to the generating station. The 
charfuel plant will process about 750 tons of coal 
daily to produce 500 tons of char and coal oils. A 
slurry of 50 percent char and 50 percent oil is 
formed into a boiler feedstock. The process 
eliminates from the coal nearly all nitrogen and sulfur 
molecules. 

The nitrogen and sulfur are turned into animonia and 
elemental sulfur for sale as byproducts. The slurry 
supposedly can Na burned without scrubbers or other 
pollution control equipment. Carbon Fuels said its 
studies 5110w PP .2 1 could save as much as $5.4 million 
annually through increased boiler efficiency and reduc-
tion of scrubber operating and maintenance costs at 
the generating unit. 

Energy Brothers Project 

The investment Loan Committee also awarded 
$11.7 million to Energy Brothers, Incorporated of 
Denver for construction of a prototype plant that 
would produce "K-fuel", a coal-based fuel pellet, from 
coal mined at the Fort Union nine east of Gillette, 
Wyoming. The fuel is produced by a patented process 
that uses both heat and pressure to convert low BTU 
(8,100 BTU/pound), high moisture (28-30 percent) coal 
to a 12,180 BTU/pound, tow sulfur, low moisture fuel 
pellet. Wisconsin Power and Light Company has 
agreed to purchase the first one million tons of fuel 
produced.

In the K-fuel process the coal is heated first to 5500 
F to drive off moisture and slightly carbonize the 
coal. It then is funneled into a second chamber 
where it is subjected to 700 degrees under BOO to 
1,200 psi pressure. The second stage drives off . the 
remaining moisture and chemically restructures the 
coal into K-fuel. The company says it Is intended for 
use in existing boilers designed to burn 12,000 plus 
BTU/pound coal but presently are now burning low 
010, lower sulfur coal to meet emission requirements. 

Coalbrik Project 

In a related development, in July Wyoming approved 
the loan of $750,000 to Wyoming Coalbrimc, Incor-
porated from the State's $10 million economic 
development investment fund. Wyoming Coalbrik 
began manufacturing a "coal brick" for home heating 
purposes in early August after moving their factory 
equipment from Las Vegas, New Mexico, to Rawlins, 
Wyoming. The company had originally applied for 
$2 million and had planned to automate their process, 
but the loan committee decided to let the business 
operate for at least a year to show that the "coal 
bricks" could be marketed and that the product 
worked. 

The Rawlins location was selected for the nearby 
sources of coal and petroleum distillate used to 
manufacture 7.5-pound coal bricks for home heating. 

The company plans to produce 160,090 bricks this 
year to be distributed in 22 states 'vest of the 1 issis-
sippi River. The bricks are intended to replace saw-
dust fireplace logs. Company projections predict coal 
consumption of 50,000 to 100,000 tons a year within 
five years. 

Energy International 

Energy International, Incorporated (El) of Pittsburgh, 
Pennsylvania, had also applied for $21.5 million of the 
$30 million clean coal/coal enhancement fund, but 
their request was denied. El had requested help for 
their underground coal gasification project near 
Rawlins, Wyoming. 

Shortly after its underground coal gasification project 
was selected last August as one of nine proposals to 
share $360 million in federal clean coal funds, Energy 
International decided that by adding an ammonia/urea 
plant to its proposal it could improve the economics 
of the project and shorten th€ amount of tine it 
would take to pay back the Department of Energy 
under repayment provisions of the Clean Coal Tech-
nology program. 

Wycon Chemical Company then protested to the 
Wyoming committee that the ammonia plant effec-
tively would put its own fertilizer operation out of 
business, threatening to cut off income to 140 area 
families. 
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Wycon, a subsidiary of Costal Corporation produces 
about 500,000 tons per year of ammonia- and 
nitrogen-based agricultural and industrial chemicals. 

"Although the granular area which Energy Interna-
tional proposed to produce is not a direct substitute 
for Wycon's prifled area feed product, It Is a dry 
nitrogen fertilizer which will displace other dry 
nitrogen products, particularly Wycon's ammonium  
nitrate product," Wycon said in a letter to the state 
selection board. Wycon's argument persuaded the 
state to reject funding of the Energy International 
project. 

DOE REACHES AGREEMENTS ON CLEAN COAL 
PROJECTS 

The United States Department of Energy (DOE) 
finished its first-round Clean Coal Technology project 
negotiations at the end of September with agreements 
reached with three of the remaining five proposers. 
Sponsors of the other two projects withdrew their 
proposals, and DOE named four previously rejected 
projects to replace them. 

The agency accepted the terms of agreements with 
Ohio-Ontario Clean Fuels Inc. of Warren, Ohio, Energy 
International Inc., of Pittsburgh, Pennsylvania and 
M. W. Kellogg Company of Houston, Texas. Weirton 
Steel Corporation and General Electric Company 
withdrew from the negotiations. 

The five projects were among nine selected in July 
1985 to begin a joint government-industry program to 
demonstrate a new generation of clean coal-burning or 
coal-using technologies. The department concluded 
agreements with four companies earlier this year. 
The remaining five faced a September 30 deadline to 
conclude talks that would determine whether they 
would receive a portion of the nearly $400 million 
available in federal cost-sharing funds. 

The four companies which had already completed ne-
gotiations with the Energy Department are American 
Electric Power Service Corporation, Coal Tech Cor- 
poration, Babcock & Wilcox and EER Inc. Clean coal 
projects proposed by these firms are now underway. 

The final five negotiations were prolonged primarily 
because the companies needed additional time to 
finalize business and other arrangements primarily 
with subcontractors or co-funders. 

The	 Ohio-Ontario, 	 Energy	 International	 and
Ii. W. Kellogg projects will begin as soon as the 
department submits reports on the negotiated agree-
ments to the Congress, and Congress completes a 30-
day review. 

The following is a description of the projects which 
completed negotiations:

Ohio-Ontario Clean Fuels Inc. 

Ohio-Ontario Clean Fuels Inc. with Stone & Webster 
Engineering Company and 11111, Inc. as the main sub-
contractors, will construct a prototype commercial 
plant that will coprocess coal and residual petroleum 
to produce clean liquid fuels. The plant, to be lo- 
cated in Warren, Ohio, will blend 800 tons per day of 
coal with residual oil utilizing a combination of Hill's 
previously developed li-Oil and H-Coal processes. The 
product will be 11,750 barrels per day of low-sulfur, 
low-nitrogen liquid fuels, including distillate oil and 
gasoline-like naphtha. 

The 86-month demonstration project will cost 
$225.7 million, with the federal government providing 
approximately 20 percent of the total cost. 

Energy International Inc. 

The project to be pursued by Energy international Inc. 
will convert steeply dipping seams of underground coal 
into a gas which, when piped to the surface and 
cleaned, will be used to manufacture ammonia and 
urea fertilizer. 

The Energy Department's $11.8 million in cost-sharing 
represents 16.8 percent of the project's $70.1 million 
total cost.	 The remainder of the funds will be 
provided by the private participant. 	 The 36-month
long project will take place near Rawlins, Wyoming. 

M. W. Kellogg 

M. W. Kellogg proposed a demonstration project —
termed the Appalachian Project — that will link a coal 
gasifier, hot gas cleanup system, and gas turbine. 
Steam generated from the turbine exhaust will be fed 
to a steam turbine and used to generate electricity in 
n combined cycle configuration. 

Replacement Projects 

In order to replace the Weirton and General Electric 
projects which could not be successfully negotiated, 
the department selected proposals from the State of 
Minnesota, the Colorado-Ute Electric Association, Inc., 
Consolidation Coal Company/Foster Wheeler Power 
Systems, Inc., and TRW Energy Products Group to 
share in approximately $162 million of federal funds 
remaining in the first round of the Clean Coal Tech-
nology demonstration program. 

The four companies chosen were selected from a list 
of 12 proposals named as alternates at the same time 
the original nine were picked. The department will 
now begin negotiations with the four with the expec-
tation that agreements can be reached within the 
next few months. 

The State of Minnesota's Department of Natural 
Resources proposes to demonstrate an advanced iron 
making process identical to the concept offered by 
the Weirton Steel proposal. Based on a two-
component system which incorporates techniques 
drawn from coal gasification technology, the Min 
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nesota project would be located at the USX Corpora-
tion (formerly U.S. Steel) taconite processing plant at 
Mt. Iron, Minnesota.

by the Institute of Gas Technology with joint 
government -industry funding. 

The Colorado-Ute proposal envisions federal cost-
sharing for operating a utility-size circulating 
fluidized bed combustion boiler at its Nucla Station in 
southwestern Colorado. The technology is capable of 
burning a wide range of coals while removing poten-
tial pollutants inside the boiler, rather than relying on 
a separate sulfur cleanup system. The demonstration 
plant has been constructed, and the federal funds, it 
approved, will be used to support several demonstra-
tion test runs. 

Consolidation Coal Company, 	 of Pittsburgh,	 has
teamed with Foster Wheeler Development Corporation 
of Livingston,	 New Jersey,	 to propose a coal
gasification-combined cycle power plant that would be 
located in Morgantown, West Virginia. The plant 
would be designed to convert 500 tons per day of 
high sulfur coal Into electric power, using both gas 
and steam turbines. Steam from the plant would also 
be routed to several buildings laboratories on the 
West Virginia University campus. The proposed plant 
would be based on the U-Gas coal gasification 
process, first developed and tested in the late 1970s

TRW's proposal would be to demonstrate an advanced 
coal combustor that could be attached to existing 
coal, oil and, perhaps, gas-designed boilers. The slag-
ging combustor technology Is similar to a unit cur-
rently being developed for commercial sale by TRW. 
A key distinction in the proposed demonstration effort 
would be the addition of several techniques designed 
to remove potential sulfur pollutants. Limestone, 
which acts as a sulfur absorber, would be injected 
Into the combustion gases before they are sent into 
the boiler. In addition, a sulfur capture device, a 
spray dryer, could be installed in conjunction with the 
combustor to remove additional sulfur, permitting the 
technology to meet New Source Performance Stand-
ards imposed under the Clean Air Act. 

The proposed demonstration would be conducted at 
the Orange and Rockland Utilities, Lovett Station, 
Lovett, New York. The spray dryer enhancement 
would be tested at TRW's Cleveland demonstration 
facility. 
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ENERGY POLICY AND FORECASTS 

CHASE MANHATTAN SEES STRONG GROWTH IN 
CHINESE COAL EXPORTS 

Chase Manhattan Bank's most recent Issue of "The 
Coal Situation" makes a strong case for expecting in-
creased coal exports from China over the next 
decade. 

Production Capability 

In 1986 China surpassed the United States to become 
the world's largest producer of coal. The figure of 
874 million tonnes Is impressive enough on its own. 
Even more notable, however, Is the growth as 
depicted in Figure 1. This graph also shows China's 
production goal of 1.2 billion tonnes by the year 2000. 
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Even though the historic growth rate makes the goal 
for 2000 look relatively attainable, Chases forecast of 
increased coal exports is not predicated on achieve-
ment of the forecasted levels. Although it Is true 
that China Is faced with the chronic dilemma of a 
shortage of coal for domestic consumption, this situa-
tion may actually facilitate an increase in exports, in 
Chase's view. 

Figure 2 depicts exports as percentage of production 
for the major coal supplying nations. It is evident

that the P.R.C., with an export to production per-
centage of only one percent, has room for increases 
with only small shifts from domestic use to export. 
From China's viewpoint, a trebling of the 1986 export 
level of 30 million tonnes without any associated In-
crease in production would result in a percentage of 
exports to production of only 3.4 percent; still lower 
than any other nation. But, production will be grow-
ing and therefore the allocation of export Is of an 
even lower significance relative to domestic require-
ments.

FIGURE 2 
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Export Capability 

There are some definite constraints to China's ability 
to move coal from the mining districts (North) to the 
population centers (South and East). However, this 
situation facilitates China's ability to increase export 
capability. 

Whereas most coal projects, particularly those requir- 
ing rail and port infrastructure, are faced with the 
need to obtain long term sales contracts in the export 
market 212_ to commencing development, China Is in 
the rare situation of having to expand rail and port 
facilities regardless of the decision of how much to 
export. - In other words, the expansion of rail and 
port facilities is not dependent on the current weak 
export market, but on China's strong internal demand. 
The best mode of transportation is the north-south 
coastal route. Therefore, China is already expanding 
the capacity of railroads from the northern coal fields 
to the main coal loading ports. This is particularly 
true for the Datong area of the province of Shanxi. 
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Shanxi currently accounts for over 24 percent of 
China's total coal output and projections call for this 
to increase to over 30 percent by the year 2000. 

The existing rail line from Datong to the port of 
Quinhuangdao has now been double tracked and 
electrified. Furthermore, an entirely separate unit 
train rail line Is under construction. This Is the line 
on which the new An Tai [lao export coal will have 
first priority. it is reported that completion of this 
line in late 1988 will take rail capacity to Quin-
huangdao to 110 million tonnes per year. 

The ports are also undergoing expansion. Quin-
huangdao can currently handle up to 50,000 DWT ves-
sels and has a throughput capacity of 25 million 
tonnes per year. After completion of the Phase Ill 
expansion (currently scheduled for the end of 1989), 
Quinhuangdao will accept vessels up to 100,000 DWT 
size and will have loading capacity of 70 million 
tonnes per year.	 These expansions are not geared 
solely to the export market. Rather, most of this 
new capacity will be used for shipping coal south 
along the coast to Shanghai and up the Yangtze 
River. This internal demand Is also the basis for ex- 
pansion plans of the other Northern ports such as 
Lianyungnng, Dalian and Qindno. Therefore, Chase 
concludes that infrastructure will not be a constraint 
to China's ability to double or triple coal exports. 

Dedicated Export Projects 

Chase does not believe that China will be construct-
ing more "export dedicated" projects. There seems to 
be a new plan which does not rely on foreign joint 
venture partners. It is doubtful that there will be 
another project of the scope or structure of the An 
Tai Duo Surface Mine joint venture with Occidental 
Petroleum.

Remaining with underground production seems the 
more logical route given China's coal geology. 
China's mining conditions are generally unfavorable by 
global standards. Surface mining accounts for only 
four percent of total production due to the depth of 
the majority of the mineable seams. Developing huge 
surface pits with foreign partners (with an associated 
mandatory minimum percentage of exports) is unlikely. 

The China Potential 

Chinese officials have often stated that, due to 
domestic requirements, China will not be a major 
player In the international markets. Part of the con-
fusion with regard to China's future coal export levels 
is the definition of the term "major player". For 
while the Chinese admit that internal demands will 
limit export levels, they also predict exports of 
30 million tonnes in 1990. In the coal export arena, 
30 million tonnes, even if held constant to 2000, is a 
major player. This is especially so because China, 
with Its huge domestic base, can proceed without 
sales contracts and can fluctuate export volumes on a 
yearly basis. The "China potential" will always be a 
pending factor because China's inherent operating 
costs are low and China's internal demands require 
that mine and infrastructure expansions be pursued 
regardless of the international market. 

For project analysis work, Chase is assuming that 
China reaches export levels of 25-30 million tonnes by 
1990, 35-45 million tonnes by 1995 and 50-CO million 
tonnes by 2005. The spot and short term export 
market is a viable alternative for China since so 
much of its domestically consumed coal must already 
move to ports for transshipment. 
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ECONOMICS 

KILNGAS ECONOMICS SHOW LONG-TERM PROMISE 

The economics of gasification combined cycle power 
generation using the l{ILnGAS process were presented 
by A-C Coal Gas Corporation at the 1987 Conference 
on Comparative Economics of Clean Coal Technologies 
held in Grand Junction, Colorado in November, 1987. 

The KILnGAS coal gasification process (Figure 1), 
producing low-BTU gas (LBG), is projected by Allis-
Chalmers to be the most viable and economically 
competitive coal-based fueling option for combined-
cycle power generation in the 1990's and beyond. 
They state that low-BTU processes (KILnGAS in 
particular) have an economic edge versus medium-BTU 
processes, and can, therefore, be expected to become 
energy-competitive earlier.	 KILnGAS gasification

combined-cycle (CCC) first plant economics suggest 
that the process can be economically attractive for 
mid-1990% applications (assuming five percent per 
year oil escalation and a one-time capital subsidy on 
the order of 20 percent). 

Gasification is among the most attractive advanced 
coal technology options for non-peaking electric power 
generation applications for the following reasons: 

- Environmental performance Is the best among 
the currently identified advanced coal tech-
nologies. 

- Coat-to-busbar efficiencies are excellent, with 
continuing improvements forecast in both 
gasification and turbine technologies. 

FIGURE 1 
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Staging flexibility to match incremental new 
electricity demand provides substantial finan-
cial benefits. 

Land/water use attributes are more favorable 
than other advanced fossil technologies. 

The paper points out that KILnGAS, a low-BTU tech-
nology, avoids the use of an oxygen plant--a sig-
nificant capital and operating cost-savings. Also, 
there are energy distribution differences between low-
and medium-ETU technologies. The result Is that 
FCILnGAS delivers more of the energy in the coal to 
the combustion turbine. Medium-BTU gas (MEG) 
technology bypasses substantial portions of the energy 
around the high efficiency portion of the combined-
cycle plant and integrates It into the lower efficiency 
steam-turbine cycle. 	 The result is inherently poorer 
heat rates for the MEG technology by as much as 
10 percent. For this reason, Allis-Chalmers believes 
that the MBG technologies will not be competitive at 
as low a premium fuel price level. 

The challenge will be to develop sufficiently attrac-
tive first-plant economics to justify commitment to 
large-scale applications In the early 1990's. No 
gasification technology will survive the economic 
competition with currently-forecast premium fuel 
prices in the mid-1990's for a first plant without sub-
sidy.	 Supplemental federal funding is critically
needed to match private equity to ensure that new

coal technologies are	 commercialized on	 a	 timely 
basis (in	 spite	 of depressed	 premium fuel	 prices). 
This, of	 course,	 Is the purpose of the United States 
Clean Coal Technology Program. 

The KILnGAS GCC plant design has a nominal 401-
megawatts output, and a net plant heat rate of 8,873 
BTU per kilowatt hours. The KILnGAS CCC "flare 
Plant" cost (i.e., instantaneous equipment and con-
struction cost) is $456 million (1987 dollars), as shown 
in Table 1, The total investment cost, which includes 
added expenses for contingencies, construction, inter-
est, and other items, amounts to $547 million or 
$1,364 per kilowatt. This compares to a total In-
vestment cost of $1,308 per kilowatt for a KILnGAS 
CCC plant using a low-sulfur western coal. 

An electricity cost of 59.5 mills per kilowatt hour 
was computed for the KLLnGAS CCC based on the 
current reference design of the KILnC AS process. 
However, potential technology improvements provide a 
basis for projecting a mature system with a lower 
heat rate of approximately 8,350 BTU per kilowatt 
hour, and a lower bare-plant cost of $400 million for 
a 400-megawatt plant. 

Allis-Chalmers compared the mature KILnGAS CCC 
system heat rates, capital cost and electricity produc-
tion expenses with those for mature Texaco IGCC and 
conventional coal/FGD steam plants as shown in 
Table 2. The KILnGAS projected electricity costs are 

TABLE 1 

K lUCAS (3*51 FICATHtI	 i N)-CYCLE PLART CAPITAL WST 
(Eastern Coal)

1987 
Group Description	 $ Million 

Gasification 
- Gasifier, With Coal Feed, 	 Particulate 

Handling, and Ash Discharge IOS 
- Gas Processing, Heat Recovery, and 

Liquor Processing 39 
- Sulfur Removal and Recovery, With 

Purge Liquor Treatment 45 
- Fuel Gas Compression and Saturation 16 

Sub-Total	 (Gasification) 205 
Combined-Cycle 134 
General	 Facilities 

- Coal Receiving and Handling 
- Process/Power Support: 	 Startup, Cooling 

Water,	 Inert Gas,	 Flare,	 etc. 30 
- Utilities:	 Water Supply, BFWTreatrrent, 

Electrical, Air,	 etc. 28 
- Buildings 28 
- Miscellaneous:	 Plant Wastewater, Ash 

Disposal,	 Fuel	 Supply,	 Railroads, 
Roads,	 etc. 15 

Sub-Total	 (Facilities) 117 
1U1'AL 456
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TABLE 2 

R&ItWC COMPARISON OF NATURE WAL-BASED
ELFRIC POWER PLANTS 

KiiaGAS COG Texaco IODC Coal/FGD Steam 

59/14.696 59/14.696 
401 401 500 

8,350 9,009 9,853 

n06 $/kW n06 $/kW $106 $/kW 
iio 998 448 1,117 525 1,050 

80 199 90 224 105 210 
480 1,197 538 1,341 630 1,260 

mills/kWh $106 mills/kWh $1J06 mills/kWh 
81.6 33.2 91.5 37.2 107.1 34.9 
30.8 12.5 33.2 13.5 45.3 14.8 
18.7 7,6 19.6 8.0 32.8 10.7 
131.1 53.3 144.3 58.7 185.2 60.4 

ISO Conditions °F/psia 
Net System Output MW 
Net Plant Heat Rate (lillY) Utu/kim 

Bare Plant 
Other Investment (Sales Tax, 
Contingencies, Construction 
Interest, etc.) 20% 

Total Capital 

Fixed Charge, 1796 
Coal, $1.50/10 Btu 
0kM 
Total Annual Cost (First-Year) 

nearly 10 percent lower than that calculated for the 
Texaco IGCC (integrated Gasification Combined Cycle) 
application. Both the KILnGAS and Texaco system 
electricity production expenses are lower than that 
for the pulverized coal/FGD (Flue Gas Desulfurization) 
steam plant. 

Additionally, the improving potential of the KILnGAS 
GCC is anticipated to lead to advanced systems using 
hot gas cleanup with projected heat rates, bare-plant 
cost, and electricity production expenses of 7,800 BTU 
per kilowatt hour, $340 million, and 47 mills per 
kilowatt hour, respectively. The potential forecast 
for the KILnGAS process is summarized In Table 3.

The ICILnGAS process could be economically viable, 
competing with oil in the $25 to $28 per barrel range 
by 1995 with a one-time capital subsidy of $100 to 
$150 million (18.3 - 28.5 percent of the total capital 
investment). Such funding subsidy is within the range 
of feasibility for projects qualifying for the United 
States Clean Coal Technology Program. These results 
are illustrated in Figure 2. 

In summary, gasification has many attributes that 
make it well suited for electric utility power inter-
mediate and base-load applications. 

TABLE 3 

PROJECTED COST PERFORMANCE OF ADVANCED KIL*3A3 (XE 
VERSUS OML-STEAM PLANTS

Advanced 
Pulverized PC/FG 

--	 KILaGAS (XE	 Coal	 Steam 
Advanced	 (PC)/FGD	 4500 psig/ 

1st-of-a-Kind Mature With	 CT's	 Steam	 11000F1 
Today's	 Near-Term and Gas	 2400 psig/	 1150°F1 

Technology Improvements Cleanup 1000°F/1000°F 1200°F 

Plant Size, Net MW 400 400 400 500 673 
Heat Rate ([lilY) Btu/kWh 8,873 8,350 7,800 9,853 8,630 
Bare Plant Cost	 (87$) s106 456 400 340 525 744 
Bare Plant Cost (87$) $/kW 1,140 1,000 850 1,050 1,105 
Electricity Cost (87$) mills/kWh 59 53 47 60 59
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If the utility industry is to reap the long-term 
benefits offered by CCC systems, It appears that 
early plants must be subsidized to accelerate com-
mercial maturity of the technology. If commer-
cialization is solely dependent upon private equity-
driven projects, CCC systems may not become a 
reality In the next 15 years (with currently forecast 
premium fuel prices).

FIGURE 2 

BREAK-EVEN ELECTRICITY COSTS 
FOR OIL AND KILnGAS LBG. 

BREAK-EVEN ELECTRICITY COST: 
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LLNL MODEL PREDICTS UCG ECONOMICS 

United States field tests have produced a large data 
base of underground coal gasification (UCO) perfor-
mance information for a variety of site specific con-
ditions. To aid in correlating field test results and 
evaluating UCC performance and processing alterna- 
tives, Lawrence Livermore National Laboratory (LLNL) 
has developed the EQSC model. This relatively 
simple process, performance, and economics model at-
tempts to correlate field performance results based on 
straightforward assumptions concerning the UCG 
process, consistent with material and energy balance 
constraints of the UCG system. The 
physical/chemical module of EQSC developed in 1979 
has been shown to match field results reasonably well. 
Recently, a second nodule has been added, to calcu-
late field and surface plant capacities and associated 
costs for producing several alternative UCG products. 
The model and the method were discussed by R. Cena 
at the 13th Annual Underground Coal Gasification 
Symposium. 

The physical/chemical module of EQSC determines 
UCC performance for a given set of process Inputs. 
The plant and economic module then scales the 
results to determine plant capacity and compute cost 
estimates for production of one of several alternative 
products. 

Plant size and layout in this module is based on the 
CRIP concept of underground coal gasification. GRIP 
stands for "Controlled Retracting Injection Point" and 
is shown schematically in Figure 1. The method uses 
directional drilling to produce n long in-seam borehole 
as the injection well, which is intersected by one or 
more vertical production wells. As the UCG cavity 
develops, and the burn reaches the overburden, a 
decline in process performance begins as heat loss and 
water influx Increase. When the product quality drops 
below an acceptable level, the injection point is 
retracted In the upstream direction by burning off a 
section of the injection liner with an igniter torch. 
After this, cavity development begins anew at this 
new location. This process is repeated until the coal 
over the entire length of In-seam borehole Is con-
sumed.

FIGURE 1 

CONTROLLED RETRACTING 
INJECTION POINT TECHNIQUE 

=

Li... 
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The CR!? system for a small commercial UCG 
facility is assumed to consist of a number of simul-
taneously producing borehole modules, each connected 
to a product gathering header, at the end of the 
production pipe. For continuous operation, dual 
headers and production pipes extend into the field. 
One is actively producing gas while the other is being 
connected to the next set of production wells. A 
single production pipe carries the gas from the filed 
to the surface facilities for processing. 

The scale of the field system is determined by the 
model based on a specified raw gas energy output. In 
sizing the plant, the energy output of an individual 
product well is first calculated based on flow and 
composition. Past field tests have limited product 
flow based on particulate production, which becomes 
excessive as gas velocities exceed 70 feet per second. 

Using this velocity maximum, EQSC determines in-
dividual well energy output and the number of simul-
taneously producing CRiP cavities needed to produce 
the desired plant energy output. 

Another field parameter of interest Is the size of an 
individual CR!? cavity. A study of results from both 
United States and Russian field operations found that, 
to a first approximation, a UCG cavity grows to a 
width of 16 meters regardless of seam thickness. The 
model allows the user to specify the cavity width, 
with 16 meters being the default value. Once the 
width is specified, the volume is determined by as-
suming the GRIP cavity grows as a circular cylinder 
about the injection point, consuming all of the coal 
between the borehole and the top of the seam. The 
coal volume and consumption rate (from module 1) 
combine to determine the lifetime of an individual 
CR1? cavity. 

Economic Para meters 

EQSC provides order of magnitude cost estimates for 
producing any of several alternative 13CC products. 
Major cost factors for the field operation include 
capital and operating costs for the field piping and 
field development. Drilling costs include the cost of 
the drill rig, manpower and materials and is specified 
on a dollar per meter of drilled length for three 
types of holes: (1) directional boreholes, (2) horizon-
tal in-seam boreholes and (3) vertical boreholes. The 
cost of surface piping includes materials and man-
power and is assumed to scale with the size of pipe 
required. Additional field costs include instrumenta-
tion for flow, pressure and temperature measurement, 
the cost of wellhead valves (which must remain with 
abandoned wells), small piping moves and product 
sampling. 

The raw gas from the field is processed in a surface 
facility to produce one of several alternate products: 
(1) raw de-particulated gas, (2) electric power, (3) 
pipeline quality gas and (4) methanol. 

Uwe Case Economic Itenuits 

For the base case analysis, a 20 year plant life was 
assumed, with a two year construction period, and

zero end of plant life salvage value. Property taxes, 
insurance and maintenance were chosen to total seven 
percent of the fixed capital investment and a debt in-
terest rate of 10 percent was assumed. 

Results of the base case study are reported in 
Table 1 for the various UCO processing options avail-
able in EQSC. All of the process alternatives are 
reported on a dollar per unit energy output basis, 
with an alternate basis reported for electric power 
generation and methanol production. Table 2 contains 
a breakdown of the major costs affecting product 
price for each of four processing options, shown in 
Table 1. Total fixed capital investment ranges from 
29 to 66 million dollars, and annual costs range from 
12 to 22 million. 

Economic Sensitivity 

EQSC is not a substitute for detailed engineering 
analysis. It does, however, provide a tool for deter-
mining relative production costs for UCC process al-
ternatives. One use of EQSC is to study the extent 
to which various parameters influence the UCG opera-
tion and final product costs. Table 3 shows the in-
fluence of varying many of the parameters used in 
the base case study to produce methanol. Major con-
tributors to increased costs are shown to be smaller 
seam thickness, poorer gas quality and increased capi-
tal investment or debt interest rate. Also, due to 
the large capital investment, the results are quite 
sensitive to assumed plant energy output. The com-
bined effect of a thinner seam at greater depth Is 
shown to increase costs by 25 percent while adding 
poorer gas quality and smaller cavity width escalates 
costs 37 percent above the base. Although a com-
bination of parameters can significantly increase UCC 
cost projections, LLNL says that the parameters 
selected for the base case study are not unduly op-
timistic for favorable UCC sites in the western 
United States.

TABLE 1

ECONOMIC RESULTS OF BASE CASE UW STUDY

13cC Product	 si106 BTU's	 Alternate Basis 

Raw UOG Gas	 2.62 
Pipeline Gas	 4.04 
Electric Power'	 4.99	 50 Mills/kWh 
Methanol	 5.25	 0.64 s/Gal 
Electric Power 	 5.61	 56 Mills/kWh 

£ No sulfur recovery 
2 With sulfur recovery 
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TABLE 2 

BREAK1XW4 OF BASE CASE EQflIC RESULTS 
(All Values Are 10 6 Dollars) 

Pipeline Electric 
ltn Raw Gas Gas Methanol Power 

Air Separation Capital 15.3 15.3 15.3 15.3 
Drilling Capital 1.6 1.6 1.6 1.6 
Drilling Annual 1.8 1.8 1.8 1.8 
Field Piping Capital 3.9 3.9 3.9 3.9 
Field Piping Annual 1.8 1.8 1.8 1.8 
Gas Knockout Capital 2.4 2.4 2.4 2.4 
Offsite Capital 5.5 8.1 10.3 5.5 
Sulfur Rermval Capital 9.6 9.6 
Gas Conpress. Capital 7.0 7.0 
Methanol Capital 16.2 
Power Gun. Capital 32.5 

Total	 F.C.L. 28.8 47.9 66.3 66.0 

Annual Costs 
Operating 5.4 5.8 6.2 9.4 
Debt Pamnt 4.0 6.7 9.2 9.2 
Maintenance 1.1 1.9 2.7 1.3 
Taxes & Insurance 0.8 1.4 2.0 1.9 

Total Annual Costs 11.5 15.9 20.9 21.9 

TABLE 3

PARAMETER SENSITIVITY OF ECONOMIC RESULTS 
(Base Case Methanol Synthesis)

Sensitivity Base Case New Per 
Parente ter Parameter ParanEter 10	 BTU's Change 

Base Case 5.25 
Double Depth 152	 (m) 304	 (m) 5.61 7 
Half Seam Thickness 7.6	 (m) 3.8	 (m) 5.88 12 
Double Leakage 10	 (%) 20	 (96) 5.53 5 
Sweep Efficiency Less 50% 40% 5.25 0 
Drilling Cost Up 10096 150% 5.54 6 
Cavity Width SnaHer 16	 (in) 12	 (ii) 5.52 5 
Energy Output Less 15	 (TJ) 10(TJ) 6.16 17 
Finance Cost Increased 10% 12% 5.66 8 
F.C.I.	 Increased 66.3 80.0 6.09 16 
Gas IIC/09 Down 1031 746 6.25 19

$ Per 
Gal 

0.64 
0.69 
0.72 
0.68 
0.64 
0.68 
0.67 
0.75 
0.69 
0.74 
0.85 

Cent I nations 
Double Depth and Half Thickness 	 6.45	 25	 0.80 
Above + Gas HC/0 2 Down and Width SrmHer	 7.79	 37	 1.06 
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TECHNOLOGY 

CATALYTIC PYROLYSIS A NEW DIRECTION FOR 
THE THERMAL CONVERSION OF COAL 

At the Ninth International Congress of Chemical En-
gineering, held in Praha, Czechoslovakia In September, 
a paper by members of the Institute of Chemistry and 
Chemical Technology of the Siberian Branch of the 
U.S.S.R. Academy of Science discussed the pyrolysis 
of coal in a fluidized bed of metal oxides. The 
authors suggest that the actual problem in coal con-
version processes (pyrolysis, gasification, combustion) 
lies in raising the process efficiency. For this pur-
pose, more severe conditions are used (high tempera-
tures and pressures, preliminary grinding of fuel, etc.). 
However, the cost of increasing the efficiency of the 
process in such a way is justified economically only 
up to a certain point. They propose that new pos-
sibilities for the development of high efficiency 
processes for the thermal conversion of coal may be 
found in using oxide catalysts. Pyrolysis, gasification 
and combustion of lignites In a fluidized bed of oxide 
catalyst can be performed with high intensity at rela-
tively mild conditions. 

The process of autothermal pyrolysis of lignites from 
the Kansk-Achinsk coal field was studied in a 50 to 
200 kilogram per hour test facility. Improved solid 
fuels with volatile matter content from 10 to 
40 percent were obtained. The transformation of hg-
nites into high-quality fuels makes it economically 
profitable to transport them for great distances. This 
synthetic solid fuel obtained from low-quality lignites 
has a number of valuable properties which permit its 
utilization as a raw material for coke chemistry, 
metallurgy, adsorbents, etc. 

The authors emphasize that the existing so-called 
"second generation" coal conversion processes were 
developed mainly by way of increasing the tempera-
tures and pressures. Considerable successes were 
achieved comparatively quickly in that way. At the 
present time the possibilities for further improvement 
of "second generation" processes are mainly exhausted, 
but they still cannot compete economically with oil 
and gas refining processes. An extraordinary situation 
exists because even though none of the processes of 
the "second generation" are being used on an in-
dustrial scale, new processes of "third generation" are 
becoming to appear at the stage of laboratory inves-
tigations. 

Among the latter, methods of catalytic gasification, 
pyrolysis and combustion are important. One type of 
these processes is based on the introduction of a 
catalyst into the fuel directly, and a second deals 
with catalytic intensification of gas phase reactions. 
The first group of processes includes the use of fuel 
briquettes etc., activated by the addition of the 
alkaline and alkali-earth metals, and other similar 
processes in which a catalyst accelerates reactions of 
gases with the carbon of the fuel. Processes such as 
the Exxon catalytic gasification process belong to the 
second group.

The catalysis of gas phase reactions with the par-
ticipation of oxygen during solid fuel conversion has 
not received much attention. Investigations in that 
field began only in the eighties in the Institute of 
Catalysis of the Siberian Branch of the U.S.S.R. 
Academy of Sciences. They have suggested a new 
process for thermal treatment of coal, which is based 
on flowing of powdered coal through an air-fluidized 
bed of oxidation catalyst. 

This scheme makes possible a number of technological 
processes, which proceed under autothermal conditions 
with high intensity at comparatively low temperatures. 

Experimental Results 

Lignite conversion in an air-fluidized bed of catalyst 
is mainly regulated by the flow rates of lignite and 
air. These parameters determine all the other 
characteristics of the process: temperature, time of 
thermal treatment, amount of volatile matter evolved 
and so on. The role of a catalyst in the thermal 
conversion of lignite is illustrated by the data in 
Figure 1.

FIGURE 1 
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FIGURE 2 

STABLE REGIMES OF AUTOTHERMAL
LIGNITE PYROLYSIS 
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The paper concludes that autothermal lignite pyrolysis 
in a fluidized bed of the oxidation catalyst is rather 
simple for the production of carbonaceous products 
with different compositions. 

At temperatures near 1,1000 K the intensity of heat 
evolution in the presence of catalyst is 1.8 times 
higher than In a fluidized bed of inert material. This 
ratio increases quickly when the temperature is 
decreased. Stable lignite autothermal conversion in a 
fluidized bed of inert material can be realized only at 
temperatures higher than 1,120 0 K. Use of a catalyst 
makes it possible to lower by 250 and more degrees 
the interval of working temperatures for lignite 
pyrolysis. The catalyst allows the process to operate 
completely autothermally without external heat supply 
and makes it possible to regulate the properties of 
carbonaceous products obtained from lignite. The 
output of improved solid fuel is higher by 10-
15 percent, because a catalyst accelerates mainly the 
oxidation of gaseous products of lignite pyrolysis 
without affecting the solid matrix of lignite. 

One more peculiarity of the process was noted. In 
allothermal technologies, intensification of the 
pyrolysis reactions by increasing the temperature 
requires increasing the circulation of heat carrier. 
Lignite is heated up to comparatively low temperature 
and then kept some time at isothermal conditions. 

In an autothermal pyrolysis process there is no such a 
problem and the lignite can be subjected to the 
needed degree of decomposition by means of brief 
heating, at higher temperature with subsequent quick 
cooling.	 It makes It possible to intensify the 
autothermal pyrolysis process. Residence times for 
lignite particles in the apparatus do not exceed one 
second; this is less by several orders of magnitude 
than for alternative processes of allothermal pyrolysis. 

Using Ilansk-Achinsk lignite material the researchers 
have obtained by autothermal pyrolysis solid products 
with the following characteristics: content of volatile 
matter from 40.0 down to 7.8 percent; carbon to 
hydrogen ratio 10 to 42; porosity 0.07 to 0.3 cubic 
centimeters per gram; specific surface area Is 80 to 
300 square meters per gram; heat of combustion 1.5 
to 1.7 times higher than the initial lignite. 

By variation of only the lignite/air ratio, different 
technological processes can be derived (Figure 2).
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MAD DOG CEMENT SOLVES UCG PROBLEMS 

A paper presented at the 13th Underground Coal 
Gasification Symposium concerns a new class of 
materials which has been under development and 
commercialization at the Colorado School of Mines 
Research Institute in a joint venture with In Situ 
Technology, Inc. These materials are used to put out 
coal fires underground. They can also provide 
economic backfill of burn cavities to prevent sub-
sidence and to encapsulate hazardous residues in un-
derground formations. 	 During UCG operations they 
may provide a solution to flame override problems. 

These materials are described as foaming mud 
cement--once nicknamed and now trade named Mad 
Dog Cement — which sets into a cellular concrete. 
The cementitious portion is portland cement some-
times augmented with lime and/or fly ash. Aggregate 
is provided by numerous types of subsoils. Mad Dog 
Cement (r.IDC) can be expanded up to eight times its 
original volume, with a foam that is added during 
mixing operations. Delayed foaming expansion also 
may be used. 

MDC results in materials that are: (1) highly heat 
resistant in the temperature ranges commonly found 
in UCG operations, (2) highly lubricious for penetra-
tion and encapsulation of underground rubble; and (3) 
controllable in angles of repose to facilitate complete 
cavity fill. 

Mad Dog Cement is an outgrowth of permitting 
problems involved with Project Thunderbird H, an un-
derground coal gasification project based on synthesiz-
ing a host of end products on site. Located some 
20 miles 'vest of Gillette, Wyoming, the project in-
volves some 27,000 acres underlain by eight coal 
seams with reserves of more than five billion tons of 
subbituminous coal. In support of Project T-bird Ii, a 
continuing research and development (R&D) program 
has been underway since 1974. 

Project Development 

In the early part of this decade, discussions were held 
with the State of Wyoming Department of Environ-
mental Quality (DEQ) regarding permits for the 
project. The Department required assured termination 
of all underground fires and positive control of sub-
sidence into the burn cavities. 

An R&D program to develop a suitable injectant 
material was begun at the Colorado School of Mines 
Research institute (CSMRI) in Golden, Colorado. At 
CSMRI the materials to be used in what was then 
called sealant mud included cement, aggregate, water, 
and proprietary foaming additives. For fire termina-
tions the initially preferred gases for expansion were 
carbon dioxide and nitrogen, with air to be used in 
subsidence applications. Early in the program it was 
apparent that air was satisfactory for all cases. 

The United States Department of Energy sponsored a 
proof-of-concept test program. When applied to a 
coal fire at small scale, fire terminations were rapid

and positive, with set strengths adequate for roof 
support. The foaming mud cement terminated each 
fire but left a transition zone between the surround-
lag remnant coal and the act cellular concrete. This 
zone varied from about one-half to three inches, 
depending on the type and quantity of admixtures 
used. 

In 1985 the Office of Surface Mining (OSM), United 
States Department of the Interior, awarded an R&D 
contract to develop formulations of Mad Dog Cement 
for terminating underground coal fires and related 
subsidence In mines that had been abandoned for 
many years. These problems are closely related to 
UCG problems when scaled to large commercial sizes. 
Generaily, the fires of concern under the Abandoned 
Mine Lands program are relatively widespread in un-
derground void spaces of large proportions. The 
rubble also Includes timbering, and the problem area 
is neither confined or well defined. Due to the mas-
sive amounts of support timber rubble, roof fall 
rubble, floor heave debris and the like, the objective 
of the OSM R&D was to develop MUG formulations 
with a relatively flat angle of repose with superior 
lubricity for penetration of the labyrinths expected. 
These objectives were accomplished: within 
90 seconds of MDC contact with a thermocouple in a 
coal fire recording 2,000 0 F +, the temperature drops 
to about 200 0 F; the transition zone between burning 
coal and set cellular concrete was eliminated with 
improved formulations which absorbed coal ash into 
the MDC before initial set; the problem with trapped 
air (which may compress during backfill and then 
blowout) was solved with formulations of MDC that 
allow the trapped air to be released to the atmos-
phere via the injection well annulus. 

The Mad Dog Cement was tried out in Rock Springs, 
Wyoming, a town built over an abandoned coal mine. 
The specific problem was a cavity that had been 
burning upward for years and now was only 14 feet 
below a street intersection carrying truck traffic. 
This cavity was what was left of a room at 190 feet 
depth after a series of roof falls. Four drill holes 
Into the cavity plus a downhole television camera 
provided graphic surveys during the backfill opera-
tions. Equipment used included 12 cubic yard 
readimix cement trucks half filled with specified 
grout mix, expanded at the job site to full volume 
loath, delivery to the injection wellhead through a 
piston-type grout pump. Expansion was accomplished 
using proprietary admixtures and a prototype foam 
gun. Gore drilling after 28 days confirmed complete 
cavity fill and compressive strength as forecasted. 

One of the more interesting questions partially 
answered was: how far will Mad Dog Cement flow 
over a roaring coal fire before it disintegrates? A 
200 root long trench was dug two feet wide and two 
feet deep, leveled at the bottom, filled with coal and 
burned down to an average 1.5 foot height. The 
MDC mix was injected into the fire at one end of 
the trench at a flow rate of ten feet per minute 
down the trench. At this relatively slow flow rate, a 
large group of observers from federal, state and local 
agencies could see MDC approaching each burning 
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lump, partially engulfing each	 lump	 Including wrap-
around contact, then completely engulfing each lump 
in	 its path.	 Upon exhaustion	 of	 the	 MDC	 supply, 
forward progress of the	 leading edge	 of	 MDC	 was 
128	 feet	 from the injection	 point.	 MDC	 was	 still 
highly lubricious and could be touched with	 the bare 
hand.

Outlook 

In Situ Technology believes that Mad Dog Cement 
formulations can be adjusted to meet site specific 
conditions of UCG. Full scale fire terminations in 
the setting of a spent georeactor are yet to be 
demonstrated, but success appears highly likely. In 
UCG flame override situations, injecting MDC through 
an injection well can effectively plug the overriding 
channel. Back fill of burn cavities is a relatively 
straightforward undertaking with two wells to work 
with and MDC's ability to "gulp" (release to the 
atmosphere) compressed gases. Project Thunderbird II 
Is planned to come on stream in the latter half of 
the 1990's, a project with sufficient reserves to ac-
commodate a wide variety of end products derived 
from underground coal gasification. 

WATER/HYDROGEN SULFIDE CAN RE DONOR 
SOLVENT FOR COAL LIQUEFACTION 

A novel hydrogen donor system for coal liquefaction 
is the combination of water and hydrogen sulfide, as 
described by V. Stenberg and J. Nowok in Chemtech, 
October, 1987. They suggest that liquefaction of coal 
in water, with the addition of 11 2 3 as a hydrogen 
donor, is not only possible but also more economical 
than traditional methods. 

They note that it is an economic necessity to use 
continuous flow-type reactors for coal liquefaction, so 
• liquid must he added to the powdered coal to make 
• slurry. Present-day technology can pump coal-liquid 
slurries but not powdered coals Into pressurized 
continuous-flow reactors. 

The liquid added to the coal has two roles: to make 
the slurry and to donate hydrogens from its molecules 
to those of the reactive species formed in the reac-
tor. For optimum performance, the liquid is expected 
to act not only as a hydrogen atom donor but also as 
an intermediary for transferring hydrogen atoms from 
hydrogen gas in the reactor to the reacting coal 
molecules, i.e., a hydrogen transfer solvent. In two 
lesser roles, the liquid serves as a medium for the 
reducing gas and coal product dissolution. 

The slurrying liquids commonly used in existing 
liquefaction processes are low volatile fractions from 
petroleum or coal processing. The organic slurrying 
liquid donates hydrogen atoms from its chemical 
structure to newly forming coal radicals that result

from the coal pyrolysis, and therefore considerable ef-
fort has been placed upon optimizing the organic slur-
rying liquid characteristics. Two problems are as-
sociated with organic slurrying liquids. First, chemi-
cal changes cause the slurrying liquid to become in-
corporated into the insoluble organic end products or 
into components of the more volatile products. Con-
sequently, obtaining enough of the appropriate product 
fraction to make the necessary amount of coal feed 
slurry, i.e., the "solvent balance" of the process, is 
often a concern. 

The second problem is the slow rehydrogenation of 
the organic slurrying liquid, once depleted of 
donatable hydrogen. Consequently, liquefaction plants 
have, at times, been designed to have a separate 
process wherein the recycle solvent is rehydrogenated 
before it is again combined with powdered coal to 
make more of the coal feed slurry. 

To solve the problems associated with organic slurry-
ing liquids, Stenberg and Nowok suggest the use of 
U 2 0-11 2 5 as an inorganic substitute for the organic 
slurrying solvent. In this system water is the slurry-
ing Liquid, and H 2 is the hydrogen transfer agent. 
The principal payoff Is that all organic products of 
the products stream can be further processed or used 
Instead of a portion having to be recycled in the 
form of the slurrying liquid. 

In contrast to the slow re-hydrogenation of the organic 
slurrying liquids when depleted of donatable hydrogens, 
the reaction of elemental sulfur (the hydrogen-
depicted form of 11 2 3) with hydrogen is rapid. 

Water becomes supercritical at about 374 0 C. Its su-
percritical state has the potential of Influencing the 
liquefaction by: 

- Becoming a fine solvent for hydrocarbons 

- Losing much of its ability to dissolve inor-
ganic materials 

- Becoming more ionic 

- Adding to the reaction pressure 

The researchers compared 11 2 0-11 23 slurrying liquid 
results with those of an organic liquid such as might 
be used in a commercial plant: solvent refined coal 
middle distillate (SRCMD) and anthracene oil No. 4 
(A04). The data demonstrate that the I1 2 0_11 2 3 slur 
rying liquid outperforms SIICMD-A04 in percentage 
yield of the distillate fraction when the other condi-
tions are the same (Table i). The average increase 
in yields is 6.6 percent. Hence 11 2 0-U 2 3 can com-
pete as a commercial solvent with SRCMD-A04 
within the limitation of these experiments. The 
presence of a small amount of H 2 S in the water 
reactions enhances the yields in water by 4,2 percent 
(Table 2). 

When 11 2 5 is added to SItCr4D-A04, the average in-
crease in yields is 5.8 percent (Table 3). 
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TABLE 2

(XML LIQUEFACTION IN ME PRESENCE OF 1128 

Reducing 
Gases Conversion, % 

Indian Head (Zap I) 00-112 
Indian Head 112S-W-1i2 42.8 
Big Brawn 00-112 43.7 
Big Brown H25-W-112 48.9 
Beulah 33.8 
Beulah 112S-W-112 36.8 
Decker (DEC 1) 00-112 38.6 
Decker H2S-W-112 40.6 
Absaloka (ABS 1) W-112 29.6 
Absaloka 1125-QD-112 34.1 
Po.vhattan (POW 1) 00-112 24.7 
Powhattan 30.5 
Huntington (UT) WII2 40.1 
Huntington H2SWII2 43.9 

TABLE 3 

COAL LIQUEFACTION USING SOLVENT-REFINED WAL
MII)OLE DISTILLATE AS SLURRYING LIQUID

WITH AND WIflflJT 1125 AT 420°C 

Reducing 
Lignite	 Gases	 Conversion, % 

Big Brown (BBI) 
Big Brown 
Big Brown 
Big Brawn 
Beulah (Ba) 
Beulah 
Beulah 
Beulah

112 35.2 
H2 5-U2 35.3 

42.5 

112SO)H2 48.1 
112 22.2 

I12S112 29.3 
00-11 2 30.1 

I12SWH2 40.5

TABLE 1 
(XML LIQUEFACTION USING 11,0-11,8 OR 

GAHIC SOLVENT SLURRY m 410°C 

Lignite Reducing Gases 

Big Brown Ct112 
Big Brawn H25-O) 
Beulah £0H20 
Beulah 1125-OD

Solvent	 Conversion, % 

A04-SR04D 37.4 
1120 48.9 

A04-SRC1dD 30.1 
1120 36.8 

At 420° C for one hour in the H 2 01I 2 S slurry, the 
C 1-C 4	 hydrocarbon	 gas	 production	 averages
1.9 percent of the moisture-free ash-free coals 
charged. The sulfur percentages of the products 
produced under these conditions as compared to the 
starting coats are averages of 0.7 percent less for the 
volatile oils and 0.4 percent more for the nonvolatile 
residues. 

Dihydrophenanthrene Is an excellent hydrogen donor 
but is too expensive for commercial application. 
Using Fl20112S as a slurry liquid was not as good as 
dihydrophenanthrene for producing distillate yields. 
The average difference was 10.2 percent. Ordinarily, 
this would be attributed to the superior hydrogen 
donor capability of dihydrophcnanthrene. However, 
the authors question this by adding a small amount of 
H 2 3 to the dihydrophenanthrene reactions. The 
average yield enhancement in the dihydrophenanthrene 
medium due to 112S was 8.9 percent. Therefore the 
effects of dihydrophenanthrene and 11 2S are com-
plementary. 

To account for the differences in product yields when 
the reaction was done in dihydrophenanthrenc versus 
H2Ohl2S, they assumed the latter was not able to 
control the burst of coal radical concentration formed 
as the samples were heated from 23 to 420 0 C in 
2.5 minutes. The formed radicals would be expected 
to momentarily deplete the hydrogen donor capacity 
of the solvent system at least in the vicinity of the 
thermal reaction events. The consequence of this 
depletion Is the enhanced probability that radical 
dimerization or addition (retrograde) reactions occur, 
resulting in lower conversions. The logical solution is 
to reduce the rate of radical formation by controlling 
the rate of temperature increase. 

They programmed the 1l 2 0_11 25 reaction temperature 
with a simple linear increase of the temperature be-
tween 300 and 6000 C over one hour. The results 
were encouraging. The average increase of yields was 
13.5 percent as compared to the isothermal reactions 
done at 420 0 C. With the exceiition of bituminous 
coals, the linear temperature-programming technique 
produced yields equal to or higher than the 420° C 
isothermal reactions done in dihydrophenanthrene in 
the absence of 
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Stenberg and Nowok conclude that an ll 2 0112 S slurry-
ing liquid gives better liquefaction distillate yields 
than isothermal reactions done with an industrial or-
ganic slurrying liquid. Furthermore, enhanced 
Liquefaction yields can be obtained if temperature 
control Is used to generate the coal-derived radicals 
In an orderly manner to match the ability of the 
medium to denote hydrogens. These principles can be 
adapted to flow reactors by varying the temperature 
along the reactor tube. 

VOEST-ALPINE PROCESS GASIFIES BOTH LUMP 
AND FINE COAL 

Voest-Alpine AC, of Linz, Austria has developed a 
slagging coal gasification reactor which handles both 
lump coal and coal fines as separate feed streams. 
The gasifier was described at the Fourth Annual Pit-
tsburgh Coal Conference in October. 

Inside the gasifier 	 the lump coal fills a shaft,	 which 
has attached to the side of its lower end a so-called 
primary chamber into which the lump coal flows and 
forms	 a slope.	 This provides a free surface at the 
lower end of the bed.

The fines (together with a balance stream) are 
milled--and, if necessary, dried--and fed via a lock 
hopper into the primary chamber together with the 
gasification media (oxygen and steam) via one burner. 
The fuel/oxygen/steam ratio Is adjusted such that the 
temperature is high enough to melt the slag. A 
desired temperature In the primary chamber can be 
achieved with different combinations of 
fuel/oxygen/steam. The primary gas thus generated in 
the primary chamber enters through the free surface 
of the slope into the bed of lump coal and flows up-
wards, countercurrent with respect to the coal bed. 
By passing through the bed the gas is cooled by en-
dothermic chemical reactions with the coal and by 
heat exchange with the bed. At the top of the bed 
the gas has a temperature of between 5500 and 9800 
C, depending on operating conditions and on the kind 
of fuel.	 At the higher temperature the tar com-



ponents are cracked during their residence time In the 
spnce above the coal bed.	 As a result of tins, a
crude gas free of tar can be produced. 

The space above the bed is large enough to allow the 
product gas a residence time of several seconds 
during which the crude gas is homogeneously mixed 
and the large tar molecules have enough time to 
crack. 

Due to the high gas temperature at the top of the 
bed, the coal pieces are heated very rapidly and thus 
pyrolysis is relatively rapid. This is a possible ex-
planation for the fact that even coats with a swelling 
index of up to six do not build up bridges even In the 
small diameter shaft of the pilot gasifier.

The coal fines are ground to a particle size smaller 
than 200 microns and dried in order to Improve grin-
dability and to allow easy pneumatic conveying to the 
burner. However, a slurry feeding system is also pos-
sible. Regardless of the kind of feeding system used, 
the requirements concerning grinding and accuracy of 
control are much lower than they are with entrained 
systems since any unburned carbon particles collect in 
the coal bed. 

The relatively high oxygen/fuel ratio in the primary 
chamber (stilt less than stoichiometric) and the high 
temperature effect a complete conversion of the 
carbon before the slag flows through the stag hole. 
The slag Is virtually carbon free. 

The fact that the fuel flow is divided into two 
separate supplies opens another possibility to simplify 
operation and to improve safety if compared with 
other liquid sing tap systems. in the gasification 
chamber of entrained gasification systems the tem-
perature Is set (by adjusting the ratio 
coal/oxygen/steam) as low as possible for efficiency 
reasons; however at the same time high enough that 
the slag flows with a tow viscosity through the slag 
tap. Other shaft gasifiers need fluxing media to im-
prove the mobility of the slag. in the primary cham-
ber of the VOEST-ALPINE gasification reactor, 
however, the temperature can easily be set 500 to 
100 0 C higher than the minimum necessary for proper 
slag flow without sacrificing the efficiency of the 
process. As a result of the high temperature a hot 
and thus free flowing slag with a low viscosity drops 
down through the slag hole into the water bath un-
derneath.	 Plugging up of the slag hole by solidified 
slag Is not a problem. In an entrained system the 
high temperature would cause a high oxygen consump-
tion and result in a loss of efficiency when compared 
to normal operation; In the VOEST-ALPINE process 
the hot primary gas reacts with the coal in the bed 
and thereby converts the sensible heat into chemical 
energy without a loss. 

The continuous flow of liquid sing into the water bath 
generates a continuous flow of steam which can be 
used in the primary chamber to replace some of the 
process steam. If a coal has a high ash content this 
replacement may be a considerable fraction of the to-
tat process steam requirement. in most conventional 
systems the water bath must be kept at a tempera-
ture below boiling, necessitating a considerable flow 
of cooling water to carry the heat of the ash away. 
This means that in conventional systems the heat is 
not only wasted, but costs are incurred removing it. 

Coit,tnietjon of the Gasification Reactor 

The functional elements of the VOEST-ALPINE 
gasification reactor are installed Inside a pressure 
vessel, the sole purpose of which is to bear the 
process pressure such that the internals are virtually 
pressure-free (Figure 1). 

The bed of lump coal rests in a container which is 
connected at the top to the crude gas outlet and the 

4-33	 SYNTHETIC FUELS REPORT, DECEMBER 1987 



feeder for lump coal. At its lower end It is con-
nected to the primary fuel burner and it also has a 
slag hole, which allows the slag to drop into the 
water bath underneath. The container is a membrane 
wall construction which is tightly welded to the above 
mentioned connections. The tubes of the membrane 
wall are cooled by boiler feed water from which 
steam at 40 bar pressure is produced. The inside of 
the container Is lined with different kinds of refrac-
tory material: the part of the primary chamber 
which has to bear a heavy radiative heat flux is lined 
with a high density east material only a few Cen-
timeters thick. A wear resistant insulation brick 
covers the vertical part of the shaft whereas the roof 
is covered by a low density insulation material. The 
crude gas outlet Is water cooled for safety reasons. 

FIGURE 1

VOEST-ALPINE
GASIFICATION REACTOR 
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Between the container and the pressure vessel remains 
a free space, which must be purged with nitrogen in 
order to prevent any contact of gas or process con-
densates with the pressure vessel, which may con-
sequently be made of carbon steel. 

In the burner the coal dust is kept separate from 
oxygen and steam. Mixing of the fuel with the 
gasification media happens Immediately In front of 
the burner, where the flame stabilizes Itself because 
of the hot surroundings and the radiative heat flux. 
The Jacket of the burner needs to be water cooled. 

Advantages of the Process 

The VOEST-ALPINE process can be operated with 40 
to 60 percent of the total fuel supplied as primary 
fuel; 50 percent has proved to be an optimum In 
many cases. A division into 50 percent lump coal 
and 50 percent fines means that only half of the to-
tal feed needs to be round and dried. In addition 
grinding requirements are less strict, since the 
VOEST-ALPINE process accepts coarser particles than 
an entrained flow process. 

Because of the lower crude gas temperature the 
oxygen consumption per ton of coal gasified is less 
than that in any entrained system. 

The sensible heat of the crude gas is significantly 
lower than in any entrained process which is of im-
portance for integrated combined cycle applications. 
On the other hand the crude gas temperature is high 
enough to suppress the formation of tar which is a 
problem with other shaft gasifiers which need a water 
quench for their crude gas and can therefore produce 
only a very low pressure steam. 

The VOEST-ALPINE gasification reactor has only one 
burner and therefore requires only one set of controls 
while some entrained systems use two or more bur-
ners and fixed bed systems need multiple tuyeres. 
Moreover, control of the coal/oxygen/steam ratio is 
far less critical than in entrained systems, since the 
bed of lump coal balances all irregularities. 

Present State of Development 

A pilot plant as shown was built and operated for two 
years on coal at atmospheric pressure. Throughputs 
of up to one ton per hour of fuel (primary and lump 
coal) were gasified in a shaft of one meter diameter. 
Lump coal was lock hoppered in with a conventional 
lock hopper system, the quenched slag was lock hop-
pered out and the water, which is inevitably 
withdrawn with the slag, was recycled into the water 
bath. The container of the gasification reactor was 
made of carbon steel plate and lined inside with dif-
ferent refractory materials for testing. The gap be-
tween the container and the outer vessel was filled 
with boiler feed water. 	 In a two year period the 
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plant was operated for more than 2,000 hours with 
many different lump coals, including brown coal, dif-
ferent hard coals, coke and even shredded tires. In 
the experimental program different fluxing additives 
were tried in order to improve the flow properties of 
the slag, but they were found to be unnecessary, be-
cause the slag of all combinations of primary fuel and 
lump coal could be handled without any problems.

Overall, VOEST-ALPINE states that their process for 
the gasification of lump coal and fines has a number 
of advantages above other advanced gasification 
processes, such as higher efficiency and easier opera-
tion. It can handle caking coals with a swelling Index 
of up to six and produces a gas which is tree of tar 
and of liquid slag droplets and yet the ash is 
produced as a vitreous, insoluble material. 
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INTERNATIONAL 

OCCIDENTAL OPENS CHINESE JOINT VENTURE 
COAL MINE 

Vice Premier Li Peng of the People's Republic of 
China, and Dr. Armand Hammer, chairmen of Oc-
cidental Petroleum Corporation, at a September 
ceremony officially opened the An Tal Bao coal mine 
in Shanxi province.	 Located in the mining area of 
Ping Shuo this project is the largest joint venture in 
China. At full production, the An Tai Bee surface 
mine will be one of the world's largest open pit coal 
mines, producing some 15.52 million tons of raw coal 
per year. 

Total investment for the mine and associated in-
frastructure Is approximately one billion dollars. In-
vestment for the mine structure itself is $650 million, 
of which foreign investment accounts for $400 million. 
The Bank of China Trust and Consultancy Company 
and Occidental have each invested $200 million. The 
foreign investment is borrowed from a consortium of 
39 International banks, led by Bank of America, Bank 
of China, industrial Bank of Japan, Credit Lyonnais 
and the Royal Bank of Canada. 

During the opening ceremony, the first official com-
mercial coal from the mine was loaded into railcars 
for shipment. The first shipment of coal through 
Qinhuangdao Port, east of Beijing on Bohai Bay, is for 
sale to Hong Kong Electric. 

In remarks at the mine, Dr. hammer said, 
"Occidental's commitment and interest in the future 
of China is so strong that I am happy to report that 
we now plan to enter into negotiations with our 
Chinese partners for phase two and three, which 
would Increase total production to 45 million tons per 
year of raw coal." 

The An Tat Bao surface mine, located approximately 
230 miles southwest of Beijing, is a joint venture be-
tween Island Creek of China Coal Ltd., and Ping Shuo 
First Coal Company. 

The mine will produce approximately 12 million tons 
of marketable coal each year. Approximately nine 
million tons per year is scheduled for export markets 
and approximately three million tons Is scheduled for 
domestic markets.	 The main export sales are ex-



pected to be in the Pacific Rim area. 

The mine is the result of negotiations beginning in 
1979 and culminating in the formation of a Sino-
American joint venture on June 29, 1985. Develop-
ment of a 'nine began in July 1985, and major con-
struction was completed In June 1987. Startup and 
testing commenced in June and the first clean mer-
chantable coal was produced in August 1987.

CHINA MAY REQUIRE 100 COAL GASIFICATION 
PROJECTS 

At the Fourth Annual Pittsburgh Coal Conference, 
A. Flowers of the Gas Research Institute summarized 
the outstanding potential for coal gasification In 
China. His review of the energy situation in China 
shows that coal will dominate the energy picture for 
the foreseeable future. Oil, natural gas, hydroelectric 
and nuclear power will make contributions, but cannot 
assume major roles. 

In 1985, China's total energy consumption apounted to 
about 27 quads.	 Coal consumption accounted for 
00 percent of the total, or about 21.7 quads. Oil 
consumption was about 3.7 quads or 14 percent of the 
total. Hydroelectric power consumption was 1.1 quad 
or four percent of the coal. Natural gas consumption 
was 0.5 quad, for only two percent to the total. 
There are no long-distance natural gas pipelines. 

Coal is produced in all of China's provinces and 
autonomous regions. China's coal production amounted 
to only about 50 million tons in 1950, but in 1960 it 
was 225 million tons; 390 million tons in 1970; 
660 million tons in 1980; and in 1985, 930 million 
tons. Coal will continue to dominate the energy pic-
ture in China for the foreseeable future. Coal is 
used for power production, production of low-BTU fuel 
gas for industrial heating operations, production of 
medium-BTU gas for the production of chemicals, 
petrochemicals and town gas, and for residential heat-
ing and cooking. 

Town Gas 

Town gas in China is an important part of the local 
energy supply. Gas production (or gas source) can be 
natural gas, coal-derived gas, liquefied petroleum gas, 
or mine drainage gas, depending upon local conditions. 
Most of the gas distribution systems in China are low 
and medium pressure, since all systems are local. 

For the development of town gas supplies, each city 
in China must utilize available energy sources, or 
must develop the supplies utilizing resources allocated 
by the government. For example, Beijing has avail-
able some natural gas, coal-derived gas, oil gas and 
LPG. in Beijing in 1983, there were 600,000 
households using LPG and 100,000 households using 
coke oven gas. Coke oven gas of about 
450 BTU/standard cubic foot Is produced by the Beij-
ing Coking and Chemical Works and the Capital iron 
and Steel Works for the city. Beijing is considering 
building a coal gasification plant to produce additional 
town gas needed by the city. Housing is critical in 
all urban areas of China. 	 Apartment buildings are
being erected as rapidly as possible. 

Shanghai Is an example of a large city without local 
energy resources. The government has directed the 
city to develop its town gas Industry using coal-
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derived gas and LPG. The Shanghai Municipal Gas 
Company is responsible for providing the city with 
town gas. The Shanghai Coking and Chemical Plant 
produces 56 million cubic feet per day of 427 BTU 
town gas for the gas company, representing 
49 percent of the total town gas supply. This town 
gas is n mixture of coke oven gas and blue water 
gas. Plant fuel gas is provided by producer gas from 
Wellman-Galusha gasifiers. The Shanghai Municipal 
Gas Company's Yang Shu Pu Gas Works produces 
another 26 million standard cubic feet per day of 
427 BTU town gas for the city. This gas is a mix-
ture of 472 BTU foot gas produced in 90 Woodall-
Duckham gasifiers. This town gas has a composition 
of less than 20 percent carbon monoxide, 42 percent 
hydrogen, 12 percent methane, four percent un-
saturated hydrocarbons, less than one percent oxygen, 
and the balance being nitrogen and carbon dioxide 
(about 23 percent). The Pu Tong Gas Works produces 
35 million cubic feet/day of 427 BTU gas from a 
conventional coking plant. The output from this plant 
will he doubled by utilizing LPG blended with water 
gas. The Shanghai Municipal Gas Company is planning 
an additional gas works. The KEW fluidized bed 
gasification system is under consideration for this new 
plant. 

The cities of Shenyang, Harbin and Lanzhou will 
select the Lurgi gasifier to develop their gas in-
dustries due to the fact that lignite is abundant in 
their vicinities. 

The gas development projects will be carried out in 
stages. In principle, the stages are as follows: first 
will be the three government direct-controlled cities 
(Beijing, Tianjin and Shanghai), then the provincial 
capitals (including capitals of autonomous regions), 
then the key cities under environmental protection, to 
be followed by ordinary cities. However, a city with 
rich gas resources and with ample capital and techni-
cal ability can set up Its gas industry preferentially. 

The specifications for town gas derived from coal ac-
cording to the Town Gas Design Code TI 28-78 are 
as follows: 

:)wer Heating Value	 - greater than 400 
SW/sc 

Tar and Dust -	 less than 10 rrg/ttn3 
Hydrogen Sulfide -	 less than 20 n-g/f*n3 
Ammonia -	 less than 50 
Naphthalene (in winter) -	 less than 50 ngflèn3 
Naphthalene (	 in summer) -	 less than 100 n-g/tti3 
Oxygen -	 less than 106 (v/v)

The CO content is suggested to be less than 
10 percent, but for some particular gas manufacturing 
processes, CO content is allowed to be less than 
20 percent with additional odorization. 

Government directions for the development of town 
gas supplies specify utilization of natural gas as much 
as possible in those districts with available natural 
gas distribution systems. The utilization of coke oven 
gas as town gas should be maximized by substitution 
of low BTU gas to heat the ovens. Oil gas or LPG

can be blended with low-BTU gas for enrichment, or 
the low-BTU gas can be methanated to meet required 
specifications. Novel methanation processes are cur-
rently being investigated. Water gas cannot be used 
separately as town gas. Recently, China has Imported 
two-stage gasifiers and is now faced with the 
problems of low calorific value and high CO content. 

To date, 133 cities with more than 26 million resi-
dents, representing 20 percent of the national urban 
population, are utilizing town gas. This percentage is 
expected to increase to 40 percent In 1990, which 
will require the completion of more than 20 major 
gasification projects. In the 1990-2000 time frame, 
the policy in China Is to construct new gas plants and 
utilize natural gas so that 70 percent of the urban 
population can utilize town gas. To achieve this ob-
jective, town gas production could require h potential 
of up to 100 major gasification projects. Flowers 
points out that this situation provides a wonderful op-
portunity for the further development and commer-
cialization of coal gasification technologies under 
development in the United States and elsewhere in 
the world. 

K2G OUTLINES GERMAN UCG RESEARCH 
PROGRAM 

To ensure long-term energy and raw material supply, 
the German coal industry, represented by 
Forschungsgesellschaft Kohiegewinnung Z Iveite Gener-
ation (1(2W, and the German Federal Government 
have decided to support research work on a broad 
range of problems associated with any form of uncon-
ventional coal recovery, but particularly underground 
coal gasification (UCG). 

German activities Include experimental laboratory in-
vestigations as well as the operation of the 
German/Belgian UCG field test at Thulin. Currently 
1(26 is working on a study outlining the aspects of 
future research and development work In the area of 
underground coal conversion beyond 1987. This work 
was discussed by K. Krabiell at the 13th Underground 
Coal Gasification Symposium held in Laramie, tVyora-
lag. 

In the Federal Republic of Germany there are no na-
tional oil and gas reserves so there will be only one 
fossil energy option in the long term: the national 
coal resources. 

Those coal resources are well known In the hard coal 
mining areas. Down to a depth of 1,500 meters 
proven reserves of approximately 26 billion tons of 
hard coal are considered to be recoverable by conven-
tional deep mining technology. Figure 1 outlines the 
geological setting in a simplified cross-section through 
the Northwest German Basin: the outcrops of the 
coal-bearing strata of Carboniferous age are limited 
to an intensively folded belt In the south of the 
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basin.	 In this area coat mining started during the	 That is why one of K2G'a first steps was to initiate a 
last century's industrial revolution. 	 Coal mining in	 laboratory test program focused on a range of per-
this region has developed to a high technology, 	 meability phenomena of hard coal using horizontally 
successfully operating at depths down to 1,400 meters. 	 In-seam drilled coal samples. Drilling operations took 
However,	 increasingly unfavorable conditions at 	 place in roadways of coal mines operating in seams of 
greater depths means that mining must be limited to 	 different stratigraphic position and hence different 
a depth of approximately 1,500 meters. 	 Thus	 rank of coalification. 
hundreds of billion tons of hard coal deposited in the 
Carboniferous sediments cannot be recovered by con- 	 The ITE of the University of Cinusthal is investigating 
ventional mining methods as the strata gently dip to	 the transmissibility of hard coal as well as developing 
the north and extend underneath the North Sea. For 	 methods to improve the very low coal permeability by 
this reason the German government as well as the	 dehydration and extraction. 	 The behavior of hard 
German coal industry decided to fund research efforts	 coal at elevated temperatures and higher confining 
to develop unconventional recovery methods. pressures is subject to work carried out in the 1PM of 

the University of Saarland. JIergbau-Forschung Grnbll, 
Essen, is characterizing the influence of structural 
and surface properties of hard coal which will lead to 
a better understanding of the transport phenomena. 

FIGURE 1
Strategic Study on Coal Ccmvemion 
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German scientists involved in this field clearly favor 
IJCG as the most efficient technology for the time 
being. Accordingly t(2G's activities in 1987 have been 
focused on the following. First, there is a program 
assessing and characterizing the in-seam properties of 
German hard coal types with emphasis on the trans-
missibility parallel to the bedding plane of the in-
seam coal. Second, a strategy study is being 
elaborated outlining the principles and future aspects 
of German research and development work on under-
ground coal conversion beyond 1987. Third, steps 
have been taken to concentrate European research in 
o common association for underground coal gasifica-
tion so that know-how and costs can be shared. 

Research on Coal Characterization 

The permeability of hard coal with regard to the 
transmitted gases or fluids is of special interest. The 
permeability has shown to be clearly pressure-
dependent.

Currently, the main emphasis of K20's work has been 
put on a strategic study outlining what should be done 
in the area of future research efforts. The state-of-
the-art of UCG and alternative processes on a 
worldwide scale will be summarized for applications 
to the deep coal deposits of Germany. 

Thus far the study has concluded that no fatal flaws 
exist up to now. According to the requirements of 
the German Mining Act, UCG at great depths can be 
approved. K2G believes the application of UCG is 
likely to have a potential beyond the year 2000. 
Electric power generation may be competitive if the 
process is operated with oxygen as gasification agent. 

In Central and Western Europe UCO will take place 
by developing the deposit by a series of vertical then 
progressively deviated, and finally in-seam drilled 
wells. The process itself will be operated along the 
in-seam drilling channel by applying the CHIP method 
or optionally the filtration method if the coal seam 
should turn out to be loosened. 

The Thalia field test has demonstrated that there is a 
basic difference between UCG at shallow depths on 
the one hand and at greater depths on the other 
hand. At greater depths the higher lithostatic pres-
sure changes the rheological behavior of hard coal 
which can be characterized as a form of plastic 
creeping. Therefore, the feasibility of channel 
gasification or filtration gasification strongly depends 
on the rock mechanics of both the coal and the sur-
rounding sediments. Obviously a gasification reactor 
cannot develop if extensive coal creeping or an in-
mediate collapse of the roof strata stop cavity 
growth. 

tirabiell stated that the geological setting of European 
hard coal deposits (seams of moderate thickness at 
greater depths) clearly indicates that UCG is a very 
high risk technology. Against this background 1(20 
considers that the most efficient and cost-effective 
way to run the necessary European field tests should 
be a common European UCG program sponsored by a 
European association. 
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It Is hoped that on the basis of a European coopera-
tion it will be possible to carry out continuous re-
search work ending in the first commercial UCG 
project in deeply buried hard coal seams within the 
next 20 years. Presumably Underground Gasification 
Europe will be established as an organization In 1988 
so that work can start with a project definition 
phase. 

Future Perspectives 

Because not all underground gasification trials even at 
shallow depths have been successful, It cannot be ex-
pected that all problems arising from gasification at 
greater depths will be solved by one single field test. 

From K2G's point of view, an adequate procedure to 
make progress In the deep seam technology could be 
seen In the installation of an In situ laboratory at a 
depth of approximately 800-1,000 meters in an area 
with access from a conventional coal mine. inves-
tigations could concentrate on the following items: 

- Optimizing of in-seam drilling by steering the 
drill bit constantly at the scam base 

- Comparing tests of different types of liners 
and packings 

- CRIP maneuvers in drill holes parallel to the 
bedding plane of the seam could be carried 
out using different liner and packing types 

- Investigation of coal and rock behavior as well 
as cavity growth during the process would be 
much easier by excavation of the burned sec-
tions. 

JAPAN'S CRIEPI TO BUILD ENTRAINED FLOW 
GASIFIER IN 1988 

Japan's CRIEPI (Central Research Institute of Electric 
Power Industry) has been engaged in research and 
development on gasification, hot gas cleanup, gas tur-
bines, and their Integration into an IGCC (Integrated 
Gasification Combined Cycle) system. 

The air-blown pressurized two-stage entrained-flow 
gasifier (2,4 tons per day process development unit) 
adopting a dry coal feed system has been developed 
and successfully operated. This gasifier has been 
determined to be employed as the prototype of the 
national 200 tons per day pilot plant.	 The hot gas 
cleanup system process development unit (PDU) 
which employs a porous filter for dust removal and an 
Iran oxide honeycomb fixed bed for desulfurizatlon 
was constructed and has been successfully operated. 

Research and development on a 200 tons per day 
entrained-flow coal gasification pilot plant equipped 
with hot gas cleanup facility and gas turbine has been 
carried out extensively from 1906 and will be com-
pleted in 1993.

Since 1982, CRIEPI has participated In the Cool 
Water Program in the United States, and also has en-
gaged In research and development on the basic tech-
nologies of entrained-flow coal gasification. Their 
program was explained at the Seventh Annual Electric 
Power Research Institute (EPRI) Conference on Coal 
Gasification held in Palo Alto, California In October. 

Since Japan depends on imports for most of its coal, 
the price of coal is higher than in the United States 
and Europe. Therefore, any IGCC system to be 
developed is required to be of high efficiency and 
large capacity. Also, because coal is Imported from 
many countries, the IGCC system must be adaptable 
to various types of coal. Moreover, the technology 
must assure a high level of environmental protection 
to meet severe regulations, and must have excellent 
load following capability for middle-lo gd power 
demand. 

CRIEPI executed a feasibility study of entrained-flow 
coal gasification combined cycle, supported by the 
Ministry of International Trade and Industry (MITI) and 
New Energy Development Organization (FJEDO). They 
evaluated eight systems combining different methods 
of coal feed (dry/slurry), oxidizer (air/oxygen) and gas 
cleanup methods (hot-gas/cold-gas). The optimal plant 
system, from the standpoint of thermal efficiency, 
was determined to be composed of dry coal feed, air-
blown and hot-gas cleanup methods. This is in con-
trast to the Cool Water demonstration plant, which is 
composed of coal slurry feed, oxygen-blown and cold-
gas cleanup systems. 

CIIIEPI constructed, In 1983, a coal gasification 
process development unit with a capacity of 2.4 tons 
per day coal using the air-blown pressurized two-stage 
entrained-flow method, and since then has been 
promoting research and development jointly with Mit-
subishi Heavy Industries, Ltd. 

As shown in Figure 1, the two-stage entrained-flow 
coal gasifier consists of a combustor in the lower 
chamber and a reductor in the upper chamber. 

The combustor burns coal and char at a high tem-
perature, the generated heat being used for gasifica-
tion in the reduetor and for the discharge of coal ash 
in the tort of molten slag. 

In the reduetor, the coal of the second stage is sup-
plied and mixed with the high temperature gas flow 
from combustor; carbonization and thermal decomposi-
tion of coal takes place, followed by char gasification 
(endothermic reaction). 

In this gasification method, since the gasifier is 
divided into two parts and coal feed quantity and air 
amount can be adjusted and regulated independently, 
the combustor can be maintained at a relatively high 
temperature while the entire gasifier is operated at a 
low air ratio (ratio of air amount Introduced Into 
gasifier to theoretical air amount necessary for com-
plete combustion of coal). 

Cumulative results of gasifier operation as of Septem-
ber 1987 are as follows: 
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FIGURE 1 
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Gasifier operation - 1,200 hours 
Dry coal gasified - 210 tons 
Coal gas produced - 440,000 rn3N 
Coal tested - 13 species 

This gasifier design has been chosen for tIle 200 tons 
per day pilot plant. 

Hot-Gas Clean-Up Technology 

The hot gas cleanup system is operated at a high 
temperature (400 to 5000 C) and at a high pressure 
(20 atmosphere), so that the heat loss is small and 
thus the thermal efficiency can be higher than that 
of a cold gas cleanup system. C RIEPI constructed a 
facility PDU for dust removal and desulfurizatlon In 
November 1985, jointly with Mitsubishi Heavy In-
dustries Ltd. 

Two methods of desulfurization have been Inves-
tigated, the honeycomb fixed-bed method in which an 
iron oxide honeycomb de.sulfurizer Is used, and the

moving-bed method in which iron oxide pellets of five 
millimeters in diameter are used. For the dust 
removal, the electrostatic granular-bed fitter ,nethod 
and the porous filter method (removing dust and char 
through porous ceramic cylinder walls) are being 
tested. 

Low BTU Gas Combustion In Gas Turbines 

The major part of the coal gas produced by the air-
blown entrained-flow gasification is incombustible 
materials (more than 60 percent) such as nitrogen 
(N 2) and carbon dioxide (G0 2). Therefore, the 
product gas is characterized by low heating value, and 
its concentration of CO, which is relatively hard to 
burn, Is high. The technology for burning such coal 
gas as fuel and stably assuring a gas turbine Inlet 
temperature of 1,300° C or higher is difficult. 
CRIEPI states that this Is a decisive technology for 
the feasibility of the entrained flow air-blown coal 
gasification combined cycle. 
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The following points are seen as important in the 
development of the combustor: achieving ap-
proximately 1,3000 C as the outlet gas temperature; 
keeping NOx concentration under 60 ppm and CO 
concentration under 50 ppm In the exhaust gas. 

In order to accelerate research and development of 
the gas turbine combustor for coal gasification, 
CRIEPI installed a "facility for gas turbine combustor 
for coal gasification" in April 1987 and started ex-
periments. 

This facility is equipped with a gas producing device 
which allows production of low BTU gas of the same 
composition as the product gas from the gasifier. 
Also, the facility allows testing with the actual gas 
from the two tons per day coal gasifier. 

200 Tons Per Day Pilot Plant 

The project to build a 200 tons per day entrained-

flow coal gasification combined cycle pilot plant has 
been Initiated, starting in 1986 and ending in 1993, 
with a budget of 53 million yen. The electric 
utilities have organized the "Engineering Research As-
sociation for Integrated Coal Gasification Combined 
Cycle Power Systems (IGC)" with 10 major electric 
power companies and CRIEPI to carry out this project 
supported by the Ministry of International Trade and 
Industry and the New Energy Development Organiza-
tion. 

Basic design and engineering of the pilot plant was 
started in 1986, and manufacturing and construction 
will start in 1988. The air-blown pressurized two-
stage entrained-flow gasifier using the dry coal feed 
system will be constructed with tests to begin in 
1989. Tests of hot gas cleanup with a high tempera-
ture gas turbine having a gas temperature at the 
combustor outlet of 1,300 0 C will begin in 1990. The 
schedule for the 200 tons per day pilot plant Is shown 
in Figure 2. 

FIGURE 2 
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STATUS OF GERMAN GASIFICATION 
TECHNOLOGIES REVIEWED 

The status of coal gasification research and develop-
ment activities in the Federal Republic of Germany 
was reviewed by V. R. Breme and H. J. Neef at the 
Seventh Annual Electric Power Research institute 
Conference on Coal Gasification. The conference was 
held in Palo Alto, California in October. 

Up to the beginning of the nineteen sixties, the 
utilization of coal experienced a period of growth In 
Germany. However, it then started to be forced out 
of its strong position by oil which was considerably 
easier to handle. The production of hard coal fell 
from 142 million tons in 1960 to 102 million tons in 
1972. Although the energy crisis In 1973 stimulated 
research and development (R&D) work in the field of 
coal technology, it could not prevent the further drop 
in production to about 80 million tons by 1986. 

Based on the commercially available gasification 
processes of Lurgi, Winkler and Koppers-Totzek the 
development of new gasification methods was started 
In order to try to replace processes based on crude 
oil. These new developments were Intended to cover 
the whole range of products of coal gasification: 

- Fuel gas to replace natural gas in industry 
- Fuel gas for combined cycle power plants 
- Synthesis gas for chemicals 
- SNG (Substitute Natural Gas) 
- Reduction gas for smelting 

Under the Energy Research program, the following 
processes were further developed and tested with 
public support. Development work is still being 
carried out on some of them. 

- Bergbau-Forschung Steam Gasification Process 
(now MAN Process) 

- British Gas Lurgi Coal Gasification Process 

- Carbon Gas Technology Process 

- Kleckner Molten Iron Bath Process 

- 7(IID-ilumboldt Wedag Molten iron Pure Gas 
Process 

- iCohiegas-Nordrhein Process 

- Korf Corex Process 

- Krupp-Koppers Prenflo Process 

- ltheinbraun High Temperature Winkler Process 

- Rheinbraun Hydrogasification Process 

- Ruhrgas/Ruhrkohle/Steag Ruhr 100 Process 

- Ruhrkohle/Ruhrchemie Texaco Process 

- Saarberg-Otto Process

- VEW Coal Conversion Process 

All the processes mentioned above have been or are 
being tested on a pilot scale and three of them have 
been developed enough so that testing on a 
demonstration plant is being carried out at present. 
These are: 

- Rhelnbraun High Temperature Winkler Process 
(FIT W) 

- Ruhrkohle/Ruhrchemie Texaco Process (SAR) 

- Korf Corex Process 

The demonstration plant for the HTW process 
(fluidized bed gasification) is located near Cologne 
(Berrenrath), has a coal throughput of 30 tons per 
hour dry lignite, and produces about 37,000 cubic 
meters synthesis gas per hour. The plant has been in 
operation since early 1986. 

The second large-scale gasification plant, which went 
into operation in 1986, Is the Synthesis Gas Plant 
Ruhr (SAR).	 This is based on the Texaco process, 
modified by Ruhrkohle/Ru!irchemie, and has a 
throughput of 30 tons per hour hard coal. The plant 
is located in the Ruhr area at Oberhausen. 

The third process which is ready for demonstration, is 
the Corex process developed by iiorf Engineering. A 
gasification plant is being built for lscor in South 
Africa to produce 300,000 tons of pig iron per year 
or 40 tons pig iron per hour. Commissioning is 
planned for the beginning of 1988. Construction and 
assembly are practically complete. A second plant of 
this type may be built in the United States with 
financial support from the Clean Coal Technology 
program. 

If one considers the above-listed fields of application 
of coal gasification, it can be seem that the areas of 
(1) fuel gas to substitute natural gas in industry; (2) 
synthesis gas; (3) reduction gas; are covered by 
developments which have already progressed to 
demonstration plants. The production of SNG is pos-
sible using the Ruhr 100 gasification technique or, in 
the case of lignite, using Rheinbraun hydrogasification. 
In addition, SNG can be produced from synthesis gas 
by methanation in a fluidized catalyst bed (Comflux 
Technique). 

The remaining field of application for coal gasifica-
tion is the integration into combined cycle power 
plants. Activities in this area have been carried out 
since the start of the German Energy Research 
Program, but recently have been considerably in-
creased. The most advanced gasification processes to 
date are the Prenflo process and the VEW process. 

The name Prenflo was taken from the term 
"pressurized entrained flow." This process represents 
a further development of the Koppers-Totzek process 
and is based on results from the test operation of the 
six tons per hour Shell-Koppers test plant in Hamburg 
-ilarburg. A 48 ton per day Prenflo plant was built 
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by Krupp-Koppers in Furstenhausen to further develop 
important components and to demonstrate a high 
availability. Construction work started in February 
1985 and the first raw gas was produced in August 
1986. Results from the test plant will be used to 
design a gasifier of the order of magnitude of 
1,000 tons per day. For this reason, essential plant 
components of the size necessary for a 1,000 ton coal 
per day plant have already been fitted into the test 
plant. A particularly high value was attached to en-
suring that the test operation was similar to the con-
ditions In a gas and steam turbine power plant. The 
optimumintegration of the Prenflo process into a 
combined cycle power plant Is being worked out in a 
close	 cooperation between	 Krupp-Koppers	 and
Kraftwerl< Union AG (KWU). 

The second gasification process being specially 
developed for application in power plants Is the VEW 
Coal	 Conversion	 Process	 of	 Verein.igte 
Elcictriz lists werke, a German utility. The process 
also works on the principle of entrained flow. 
However, coal Is partly gasified with air and the 
remaining coke Is burned separately. A prototype 
10 tons coal per hour plant has been operated in 
Gersteinwerk near Dortmund since 1985. Superheated 
steam of 530° C and 180 bar will be generated In the 
waste heat boiler. Three variants are being tested 
for gas cleaning, whereby both wet and dry gas clean-
ing are being applied. These consist of: 

Wet gas-cleaning with prescrubbing to remove 
NH 4 CI, and amisol washing plus a Claus plant 
to remove sulfur 

Prescrubbing to remove NH 4 CI, with combus-
tion of gases free of chlorine and alkalies in 
the gas turbine, followed by sulfur separation 
in the FGD plant 

Dry removal of chlorine and alkalies in a cir-
culating fluidized bed in which lime is used as 
a reagent, with sulfur removal in the FGI) 
plant 

In addition to these developments, Rheinbraun's pilot 
plant for coal hydrogasification is being converted 
into an IITW pilot plant for operation at 25 bar. The 
increase in pressure will improve the possibilities for 
this process (which is already being operated at 
10 bar In the demonstration plant in Derrenrath) to be 
used In combined cycle power plants. As a result of 
applying llTW technology iii a power plant, the use of 
lignite for the generation of electricity will become 
more acceptable from an environmental point of view.

According to the authors, the Importance of the mol-
ten iron bath gasification process in a combined cycle 
power plant is still difficult to assess, because the 
test plant of KIlO In Lulea, Sweden is working at 
only three bar and the planned Klockner plant will 
also operate at this pressure. However, interesting 
possibilities could exist for integration of these 
processes into steelworks. 

Finally, MAN and Bergbau-Forschung are planning a 
steam gasification pilot plant for Integration into a 
combined cycle power plant. This gasification will be 
carried out in a horizontal fluidized bed reactor as an 
allotherinal process. Flue gas is used for heating. 
The process developers expect considerable advantages 
over competitive processes as a result of not needing 
the air separation plant. 

In addition to the development of the processes men-
tioned above, a number of R&D projects are con-
cerned with the development of components and 
materials. in particular, the development of gas tur-
bines with high inlet temperatures, various gas clean-
ing processes, and the development of non-corroding 
materials are relevant. 

The development of gasification processes on a pilot 
scale has cost about 1.5 billion DM of which the 
Federal Ministry of Research and Technology has con-
tributed a total of 375 million DM since 1973. Sup-
port funds have also been provided by the State of 
North Rhine Westphalia and the European Community. 

CARBOCOL PLANS COAL GASIFICATION PLANT IN 
COLOMBIA 

The Colombian state coal company, Carbocol, has said 
that it plans for a US$200 million gasification plant 
in the town of Amagn in the mountainous inland 
department of Antioquia. 

Japan Consulting institute is working on a feasibility 
study on the gasification plant and current plans are 
to build a US$10 to 20 million pilot plant initially. 
This plant would produce what Carbocol calls "a clean 
gas fuel" for certain big industries in Antloquia In-
volved in the manufacture of food products, ceramics 
and glass goods. According to reconimnendations in 
the Japanese study, this plant would be expanded in 
the early 1990s to produce urea it financing is found. 

# ### 
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ENVIRONMENT 

DOW SYNGAS ENVIRONMENTAL MONITORING 
PROCEEDING SMOOTHLY 

Concurrent with the initial startup and operation of 
the Dow Syngas Project, an environmental monitoring 
program, as required under the original agreement 
with the United States Synthetic Fuels Corporation 
(SFC), was begun. Preliminary results were reported 
by C. LeBlanc of Dow's Louisiana Gasification Tech-
nology, Inc. (LOTI) at the Seventh Annual Electric 
Power Research Institute (EPRI) Conference on Coal 
Gasification held In Palo Alto, California In October. 

The Dow Syngas Project is unique with respect to 
many other synfuels projects considered by the SFC, 
because the project is being developed in the center 
of a major chemical complex (the Dow Louisiana 
Division), and the complex lies within a highly in-
dustrialized region along the Mississippi River between 
Baton Rouge and New Orleans. The project makes 
advantageous use of the existing support facilities 
provided by the Louisiana Division. Environmental 
monitoring programs for the project have been 
designed with a recognition of the limitations and in-
terferences imposed by the highly industrialized 
project setting. 

Because of the unique project site considerations, the 
Environmental Monitoring Plan was developed to focus 
on characterization of waste sources from the project. 
Less initial emphasis Is placed on ambient measure-
ments, because of the difficulty ( and in some cases 
the Impossibility) of distinguishing project effects 
from those of other facilities at the Dow complex 
and in the industrialized region which surrounds the 
complex. 

Phase I Preconstruction and Construction Stage am-
bient air and groundwater monitoring have been 
successfully completed. Concurrent with initial start-
up and operation of the Dow Syngas Project, Phase I 
Commissioning Stage Monitoring of the facility was 
begun in April 1987. The Commissioning Stage is 
designed to evaluate the sampling preservation, 
analytical, QA/QC, data evaluation, and reporting pro-
cedures to be utilized to define baseline environmen-
tal conditions and determine the presence or absence 
of specific environmental parameters with respect to 
the project. 

According to Dow, gaseous, aqueous, solid, health and 
safety, ambient and compliance monitoring have been 
conducted with excellent results. Of particular inter-
est are the results of testing performed on product 
syngas, byproducts sulfur and slag, incinerator and 
turbine stack gases, ambient air, and NPDES per-
mitted outfalLs. 

Product Syngas 

The sulfur in the sub-bituminous coal is converted al-
most totally to hydrogen sulfide with small amounts 
of carbonyl sulfide. Approximately 98 percent of the

sulfur is removed from the synthetic gas in the 
GAS/SPEC ST-i process licensed from Dow. The 
sweetened synthetic gas typically contains 20-50 ppm 

11 2S and is suitable for fuel for the gas turbine power 
generation system. 

Byproducts Sulfur and Slag 

Sulfur is recovered from the acid gas produced In the 
11 2S removal section. The Selectox Process, licensed 
from Union Oil Company of California is being used. 
The acid gas is preheated, mixed with a controlled 
flow of air and fed to the catalytic reactor, which 
partially oxidizes the 11 2 S to sulfur and water. The 
effluent gas from the reactor is cooled to condense 
the sulfur. Overall sulfur recovery by this process is 
approximately 87 percent. 

The initial sale and delivery of sulfur recovered in 
the LGTI Gasification Process was made during June 
1987. This shipment of 36 tons was below typical 
market quality and was sold at below market price. 
Quality of recovered sulfur continues to improve as 
the system is flushed out. 

The ash from the coal is fused In the gasifier flame, 
and the molten ash is drained from the bottom of the 
gasifier into a water quench. The slag is withdrawn 
continuously as a slurry through grinders and a pres-
sure letdown system. Quality of the slag produced to 
date is excellent, both in physical characteristics and 
composition. Volatile and carbon content of the slag 
are typically zero. 

Efforts to establish commercial uses for the slag are 
ongoing. 

Stack Cases 

The tail-gas from the Selectox sulfur recovery unit is 
fed to an incinerator which burns the remaining 825 
to sulfur dioxide and vents It to the atmosphere. 
Sulfur emissions from the Incinerator stack are ap-
proximately 0.045 pounds per million BTU of exported 
product. Sulfur emissions from the power plant gas 
turbines are typically less than 0.01 pounds per mil-
lion BTU of exported product. Stack emissions of 
SO 2 and NOx from both sources are well within per-
mit limitations. 

Ambient Air 

Ambient air monitoring was begun on January 1, 1987 
to document air quality during construction and opera-
tion of the commercial facilities. All data collected 
to date indicates that pollution concentrations were 
well below the state and federal air quality standards. 

NPDES Permitted Outfalls 

The Dow Syngas Project incorporates three NPDES 
permitted outfalis. The new NPDES water permit for 
the Louisiana Division became effective May 4, 1987. 
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With the issuance of the permit, compliance sampling 
and analysis of Monitoring Locations 2 (Coaipile 
Rainwater Runoff), 8 (Treated Process Wastewater), 
and 19 (Process Area Rainwater Runoff) were begun.

During initial start-up of the facility, the sour water 
stripper column of the treatment system was found to 
be undersized. 

Coalpile Rainwater Runoff 

Monitoring Location 2, NPDES internal outfail 2801, 
has a permit limitation of 50 milligrams per liter to-
tal suspended solids (TSS). Excessive rainfall was ex-
perienced in the Louisiana Division during June 1987. 
As a result, the coal pile and adjacent area became 
saturated and water was discharged from the coal pile 
with TSS exceeding the permit limitation. As a 
result, the runoff area of the coalpiie was enlarged to 
contain excessive amounts of runoff. 

Treated Process Rainwater 

Monitoring Location 8, NPDES internal outfall 3211, 
represents treated wastewater from the process.

Monitoring Location 8 has a Compliance Schedule of 
January 1, 1988 for levels of ammonia and hydrogen 
sulfide. Redesign, installation and check out of the 
ammonia stripper column began in August. Ammonia 
and hydrogen sulfide concentrations in the effluent 
now are typically within both the compliance schedule 
maximums and the more stringent permit limitations. 

Process Area Rainwater Runoff 

Monitoring Location 19 NPDES internal outfall 3221, 
has permit limitations on oil and grease and total 
oxygen demand. Permit compliance at this location 
has been excellent.

#41 ## 
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RESOURCE 

COURT UPHOLDS POWDER RIVER LEASE SALE 

A United States District Court Judge has upheld the 
1982 Powder River Coal lease sale of more than one 
billion tons of federal coal in Montana and Wyoming. 
The sale was challenged by the Northern Plains 
Resource Council, the National Wildlife Federation, 
the Montana Wildlife Federation and the Powder River 
Resource Council claiming that the coal was sold at 
extremely low prices and that alternative uses for the 
land had not been considered in the land-use planning. 
Judge Battin's review was limited to whether the 
Bureau of Land Management's actions were In accord-
ance with the law. Judge Battin stated in his review 
that the environmental groups' "all-out-attack on the 
April 1982 Powder River coal lease sale is not well 
founded. Their vehement disagreement with the 
policy decisions and the ultimate conclusion of the 
Secretary of Interior to hold the largest competitive 
federal coal lease sale in history does not provide a 
sufficient basis for the court to invalidate the sale." 
The Northern Plains Resource Council is considering 
an appeal to the United States Ninth Circuit Court of 
Appeals in San Francisco. 

COAL ASSOCIATION OBJECTS TO LAND EXCHANGE 

The National Coal Association (NCA) has filed a mo-
tion with the District Court of New Mexico opposing 
the exchange of coal lands between the Santa Fe 
Railroad and the Department of the Interior. NCA 
maintains the exchange is unlawful under Section 2(c) 
of the Mineral Leasing Act of 1920 and other 
statutes. 

The complaint also notes that the Department failed 
to consider the relevant competitive issues as required 
under the Federal Land Policy and Management Act 
of 1976, and that the department's appraisal of the 
land value was flawed, which would result In Santa Fe 
gaining an unfair competitive advantage over other 
coal producers in the area. Santa Fe would receive 
approximately 77.5 million tons of coal in McKinley 
County, New Mexico, under terms of the exchange. 

RECORD OF DECISION ISSUED FOR SAN JUAN 
RIVER COAL REGION 

The United States Bureau of Land Management, New 
Mexico State Office, issued in October a Record of 
Decision based on the Final San Juan River Regional 
Coal Environmental Impact Statement (SJRRC EIS) of

March, 1984. The major issues addressed by the EIS 
concerned the treatment of the existing Preference 
Right Lease Applications in the region, and whether 
to offer additional competitive coal leasing. 

With respect to additional leasing, the Bureau decided 
to defer any decision on where or when to conduct 
competitive coal leasing until the Regional Coal Team 
(RCT) convenes and Issues its recommendations. At a 
later date a supplemental Record of Decision (ROD) 
will be issued to deal with RCT recommendations. 

With respect to the existing 26 Preference Right 
Lease Applications (PRLAs) the Bureau decided to 
fully adjudicate these PRLAs while applying the 
mitigation measures listed in the appendix to the 
ROD document. The result will be that ap-
proximately 1.6 billion tons of coal will be recovered 
in addition to the 3.0 billion tons recoverable under 
the No Action alternative of the Final SJRRC £15. 

Alternatives Considered 

The San Juan River Regional Coal Environmental Im-
pact Statement of March 1984, assessed five alterna-
tives. These alternatives ranged from a no action op-
tion to a high leasing choice. The high leasing option 
would have offered 39 tracts with an estimated 
1.94 billion tons of recoverable coal reserves for 
competitive bidding. The preferred alternative as 
selected on April 27, 1983 by the Regional Coal 
Team, and discussed In the Final £15 was one which 
would only offer coal where surface owner consent 
had been pledged. This "preferred alternative" would 
have involved 11 tracts with an estimated 349 million 
tons of recoverable federal coal. Another dimension 
of the preferred alternative was the adjudication (as 
required by law) of all 26 coal Preference Right 
Lease Applications provided, however, that adequate 
environmental mitigation measures (stipulations) would 
govern mining of the PRLA areas. These alternatives 
focused heavily on two types of choices. 

Where and when to lease (which areas to of-
fer for lease; how many tracts to lease) 

How to manage activities on the competitive 
and non-competitive leasehold(s) 

The Record of Decision incorporates resource informa-
tion gathered since completion of the San Juan River 
Regional Coal £15. These new data are available in 
the unsuitability criteria and multiple use screening 
criteria provided In the appendix to the document. A 
pie chart (see Figure 1) displays the following break-
down of the total PRLA acreage: (1) acres affected 
by application of the unsuitability and multiple use 
screens; (2) acres determined to have no coal; (3) 
acres determined to be suitable for underground 
mining; and (4) acres determined to be suitable for 
surface mining. The effects of the new data have 
been determined to fall within the range of impacts 
analyzed in the alternatives considered in the San 
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FIGURE 1 

TOTAL PRLA ACREAGE IN
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Juan River Regional Coal EIS (see Figure 2). There-
fore, a new analysis of environmental impacts Is not 
required. 

Management Considemticjns 

The record of decision states that a commitment of 
federal lands and resources must be concerned with 
the environmental consequences of the possible 
courses-of-action adopted. In addition to environmen-
tal consequences, the decision maker must consider 
effects on the local, state, regional and national 
economies and on the quality of life of the citizenry. 
Western economies are heavily dependent on mining, 
the timber industry, agriculture, ranching and tourism.

Encouraging mining can lead to increased employment 
opportunities for western residents; a change that 
would be viewed positively by those whose well-being 
is improved and by third party beneficiaries such as 
merchants whose sales increase or local governments 
whose tax bases expand. Encouraging mining must, 
however, be done in a way that does not needlessly 
sacrifice the long-term productivity of the land as 
any reduction in productivity can adversely affect 
agriculture and perhaps also harm recreation oppor-
tunities (if wildlife habitat is lost or scenic quality is 
dramatically altered). A net improvement in quality 
of life is possible only if gains from mining are not 
offset by losses to other sectors. 

By deferring the decision on where to lease until the 
RCT convenes and Issues a recommendation, the State 
Director has opted for a strategy which will provide 
more information on conflicts between coal develop-
ment and other resources and uses of the public 
lands. With that information in hand a decision that 
facilitates coal leasing and development while mini-
mizing losses of other resources and/or impacts to 
other uses can be implemented. Furthermore, the ap-
plication of unsuitability criteria also is a decision on 
where to lease (more precisely, on where not to 
lease). These unsuitability criteria were brought for-
ward from the Draft Farmington Resource Manage-
ment Plan (RMP). By deferring competitive leasing 
until later, the Bureau says that It has chosen a 
course of action which will avoid any significant en-
vironmental consequences until after additional infor-
mation useful in making a reasoned decision is avail-
able. 

By selecting mitigation measures (stipulations) the 
Bureau says it has assured that noteworthy resources, 
values and uses of the public binds will be afforded 
adequate protection. A monitoring program is being 
developed for the PRLAs. The plan will include 
monitoring and evaluation standards for implementing 
the stipulations and determining whether mitigation 
measures are satisfactory. 
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FIGURE 2 

LEVELS OF EFFECTS OF IMPACT ANALYSIS 
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LONG-RANGE MARKET ANALYSIS FOR FORT 
UNION COAL ISSUED BY BLM 

The United States Bureau of Land Management has 
issued a long-range coal market analysis for the Fort 
Union Coal Region. 

The major objective of the analysis is to present coal 
production forecasts and capacity estimates in support 
of the Regional Coal Team (RCT) to determine 
whether to initiate activities for coal leasing. 

The Ft Union Region 

The Fort Union (FU) coal production region consists 
of eastern Montana and western North Dakota. Ex-
cept for one small mine in Montana, all other operat-
ing mines in the region are round in North Dakota, 
which accounts for approximately 99 percent of the 
FU production.	 Total coal production in FU was 
27 million tons In 1985.	 Nearly 90 percent of
production was from Mercer, Oliver, and McLean 
counties in North Dakota. The FU coal is lignite 
with average thermal content of 6,700 BTU per pound 
and average sulfur content of less than one percent. 
Most of the FU 'nines primarily serve as fuel sources 
for local consumption. With the exception of the 
Gascoyne Mine and the Beulah Mine, the operations of 
the FU mines support mine-mouth coal conversion 
facilities, or facilities within ten miles of the mine. 
About 1.5 million tons of the lignite produced in the 
Gascoyne mine is shipped by rail to a power plant in 
South Dakota and less than 500,000 tons produced In 
the Beulah mine Is shipped to Minnesota. 

The FU lignites are also used for gasification. The 
Freedom Mine was opened to support the Great Plains 
Coal Gasification project. A number of other 
government-backed synfuel programs generated a 
flurry of activity for coal leasing and development 
during the middle and late 70's, but have been moth-
balled or abandoned. The Great Plains plant requires 
about five million tons of lignite as direct fuel. The 
plant also uses electricity generated from the An-
telope Valley power plant. 

Most of the power plants in the FU region are mine 
mouth and are committed to the FU mine reserves. 
In addition to gasification and power generation, 
beneficiation may Increase the demand for FU lignite 
In other markets. Among other things, beneficlation 
reduces the risk of spontaneous combustion during 
transport. However, thermal efficiencies for conver-
sion of the FU coal are low and the result may not 
be cost effective. 

Without new synfuel or lignite-fired power plants com-
ing on line, the analysis says that the potential 
demand for the FU lignite will be limited. Further-
more, the FU coal market could be eroded because of 
competition from the Powder River coal region and 
imports of Canadian electricity. First, the cost of 
the Powder River coal is relatively low and its ther-
mal content is higher than the FU lignite. The Pow-
der River coaL,, which have not yet been shipped to 
North Dakota, are sold to power plants in Montana,

South Dakota, Minnesota, and 16 other states. 
Secondly, Manitoba Hydro in Canada exports power to 
Northern States Power Company and Otter Tail Power 
Company, which provide service in North Dakota. In 
addition, the proposed expansion of transmission tines 
from Manitoba to Nebraska will permit utilities In 
North and South Dakota to have access to more 
economic electricity. 

Coal Production Forecasts 

In Table 1, 1985 and 1986 production figures and 
projections of production through 2005 are presented. 
Under the low production scenario, the economy is as-
sumed to be in a state of stagnation, with an average 
GNP (gross national product) annual growth rate of 
only 1.5 percent. Under this assumption, the demand 
for FU's lignite will remain weak through 2005. 
Demand Is projected to decrease from 27 million tons 
in 1985 to about 24 million tons in 2000 and 2005. 
Production is expected to decrease by 19 percent by 
1990, and then improve slowly throughout the period 
examined but will fall short of the 1985 level by 
11 percent in 2005. On the other hand,, assuming a 
GNP annual growth rate of 3.5 percent yields a 
production level of 33 million tons in 2005, which is 
an Increase of 22 percent over the 1985 level. The 
increased demand for lignite in this scenario comes 
from synfuels and lignite-fired power plants in the FU 
region. If the operation of the Great Plains Gasifica-
tion plant should be disrupted or scaled down, the 
demand for FU lignite would be lower than projected 
In this analysis.

TABLE 1

FORT UNION BfilG4 GOAL PRODUCTION 

Production Change From 1985 
Low High Low High 

Year (nmtons) (nmtons) (%) (%) 

1985 27 27 - - 
1986 26 26 -4 -4 
1990 22 25 -19 -7 
1995 23 28 -15 4 
2000 24 31 -11 15 
2005 24 33 -11 22

nmtons = million short tons 

Comparison of Capacity and Production 

The productive capacity is the BLM's best estimate of 
the supply of competitive quality coal that can be 
produced from federal, state and Indian coal manes, 
pending preference right lease applications (PRLA), 
and private reserves within the region without further 
competitive federal coal leasing. Figure 1 compares 
production and capacity in FU. It is expected that 
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FU's productive capacity could reach the level of 
32 million tons by 1995, 41 million tons by 2000, and 
possibly 60 million tons by 2005, by the leasing and 
development of PRLAs, the expanded capacity of ex-
isting mines, and other development assumptions. 
Thus, even in the high production case, the potential 
productive capacity could exceed the production level 
by four million tons in 1995, by 10 million tons in 
2000, and by eight million tons in 2005. The FILM 
states that there Is no need for large excess capacity 
to maintain the operations of FU mines, because they 
are generally captive to specific plants on n long-
term basis. Thissite-specific nature of demand in 
FU provides signals at an early stage so that leasing 
activity may commence in response to significant 
changes in the market. 

Conclusions 

Based on the market analysis BLM states that FU's 
potential productive capacity may be adequate to 
meet the demand for FU coal through the year 1995. 
The situation for the years after 1995 is not as clear. 
The additional growth in the productive capacity from 
1995 to 2000 is based on the issuance and develop-
ment of currently pending P1ILAs.

If cost of synfuels could be brought down by technol-
ogy breakthroughs and reduced to a more competitive 
level the demand for FU lignites would increase with 
new synfuel plants. 

Based on these findings, and barring resurgence of 
synfuel programs, it is not likely that there will be a 
significant Increase in the demand for FU lignite. 
However, site specific needs in some of the proposed 
synfuci and power plants may be sufficient to initiate 
activity planning. 

CIA PREDICTS INCREASED COAl. EXPORTS FROM 
THE UNITED STATES 

The United States Energy Information Administration's 
Annual Prospects for World Coal Trade predicts in-
creasing world trade in steam coal, with United 
States exports growing in volume but declining in 
market share. The United Stateä was formerly both 
the world's largest producer of coal and the world's 
largest exporter of coal. In 1984, Australia became 
the world's largest exporter, and in 1986 China be-
came the world's largest producer. 

This year, for the first time, the Energy information 
Administration (EIA) projections have been extended 
to the year 2000. 

Only the EIA projections of United States coal ex-
ports and world coal trade for 1995 and 2000 for the 
mid-demand (or Base) case will be discussed. MA as-
sumes in this case that real gross domestic product 
(GDP) growth for the market economies between 1985 
and 2000 will average 2.8 percent per year--a rate 
considerably below the growth rates achieved during 
the 1960's and early 1970's but higher than the two 
percent average growth rate of the 1980-1985 period. 
Primary energy consumption is projected to Increase 
at an average rate of 1,7 percent per year for the 
market economies. it is assumed that the fastest 
growth (three percent per year) will occur in the 
developing countries, whereas energy consumption in 
the industrialized countries will grow by 1.1 percent 
per year. The world oil price is projected to increase 
from the average 1986 price of $15 per barrel to 
$27 per barrel in 1995, and to $33 per barrel in 2000 
in 1986 dollars). 

In the mid-demand case, MA is projecting a major 
expansion of world coal trade, from 364 million tons 
in 1985 (consisting of 93 million tons of United States 
exports and about 272 million tons of non-United 
States exports) to 540 million tons in 2000 (consisting 
of 114 million tons of United States exports and 
about 427 million tons of non-United States exports). 
This represents an overall increase of 48 percent and 
an average annual increase of 2.7 percent. Country-
by-country predictions are shown in Table 1. 

During this period, growth in world coal imports is 
projected to occur primarily in the steam coal 
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TABLE 1 

1)RID (XML FUIVS, 1985, 1995, AND 200 (KID-DEMAND CASE) 
(Million Short Tons) 

Importers 

Exporters 1985	 I	 1995	 I	 2000 

I Western I	 Western I Western	 Asia	 Other6	 Total Asia	 Other6	 Total Asia	 Otlier6	 Total 

	

Europe	 Europe	 Europe 

Steam Coal 
Australia ................... 13 29 42 ID 63	 • 83 25 66 • 92 
United States 19 5 to

34 28 6	 8 43 35 9 7 51 
South Atrica 31 12 1 44 43 13	 0 56 46 30 0 76 
Poland ...................... IS 0 13 28 23 0	 10 34 24 0 11 35 
Canada	 .................... 2 2 I 5 2 IS	 2 Il 2 15 2 20 
China 3 2 5 0 14	 0 14 0 18 0 18 
Colombia	 ................. 2 0 2 4 21 1	 3 24 34 1 4 39 
Other

s
	 ...................... 12 2 12 27 4 0	 21 26 4 0 22 26 

Total	 ........................ 94 54 40 168 141 110	 45 296 170 139 47 357 

Metallurgical Coal 
Australia ................... 11 41 2 54 12 39	 1 51 10 43 1 54 Uni tedStatesc 26 17 15 58 35 9	 18 62 38 4 20 62 S
outh Africa 5 0 5 0 6	 0 6 0 7 1 8 

Poland ...................... 6 0 6 II 5 0	 6 II 5 0 7 12 
Canada	 .................... I 23 1 25 I 23	 2 26 2 24 2 27 
China ........................ 0 1 2 3 0 2	 0 2 0 2 0 2 
Colombia	 ................. 0 • 0 1	 0 1 0 1 0 I 
Other4 	 ...................... 8 4 8 20 7 3	 7 11 7 3 7 ii 

Total	 ........................ 53 90 33 176 60 83	 33 176 62 84 37 184 

Total Coal 
Australia ................... 24 70 2 96 31 102	 1 134 35 110 1 146 
United Statese 45 22 25 92 63 16	 26 lOS 73 13 27 114 
South Aft ica 32 17 1 49 43 19	 0 62 46 37 1 83 Poland ...................... 21 0 19 40 28 0	 17 45 29 0 18 47 Canada	 .................... 3 25 2 30 3 36	 3 42 4 40 4 47 China 5 3 8 0 16	 0 16 0 20 0 20 Colombia	 ................. 2 0 2 4 21 I	 3 25 34 2 4 40 Otherd	 ..................... 21 5 20 46 12 3	 28 43 12 3 29 43
Total ........................147	 144	 74	 364	 201	 193	 78	 472	 233	 224	 84	 540 

• Preliminary data. 
Other Importers are South America. eastern Canada. the United Slates, and Eastern Europe, 
Imports from the United States are those reported by the importing countries and do not necessarily agree with U.S. export statistics from the Bureau 

of the Census, U.S. Department of Commerce. Monthly Report EM.522 U.S. steam coat croons in 1985 were 32 million short tons as reported in the EM. 
522 report: U.S. metallurgical coal exports were 60 million short tons: total U.S. exports were 93 million short tons. 

O Other exporters are West Germany, the United Kingdom, and the U.S.S.R. 
Less than 0.5 million short tons. 
Note: Totals may not equal sum of components due to independent rounding. 
Sources: 1985' Energy Information Administration. Coal Division extimntns. See Appendix A text, 1095 and 2000: Energy Information Administration, 

International Coal Trail., Model projections (19116). 

market, in response to rising coal demand by electric 
utilities and industrial users in Western Europe and in 
Asia. These areas have either minimal coal reserves 
or reserves that are uneconomical to mine; thus, coal 
imports should Increase as coal consumption increases 
its response to assumed higher oil and natural gas 
prices and uncertain prospects for nuclear power gen-
eration.

Metallurgical coal exports are also projected to in-
crease during the forecast period, but at a much 
slower rate. Most of the growth in metallurgical coal 
trade is expected in southern Europe, the newly in-
dustrialized countries of Asia, and Brazil. The in-
dustrialized countries of northern Europe, Japan, and 
Canada are likely to experience declining demand for 
metallurgical coal imports, reflecting the stagnation 
of their steel industries. 
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United States coal exports, in the mid-demand case, 
are expected to increase from the 1985 level of 
93 million tons to 105 million tons In 1995 and 
114 million tons in 2000. Current competitors of the 
United States —principally Australia, South Africa, and 
Poland —will play major roles in supplying the in-
creased demand expected In the international coal 
market. Future competitors will also include newly 
developing suppliers, such as China and Colombia. 
The effects of increased competition will limit the 
growth in United States exports to half the projected 
rate of growth in world coal trade. The United 
States share of world coal exports Is projected to 
decline from about 25 percent in 1985 to 21 percent 
in 2000. However, importing countries concerns 
regarding reliability of supply, desire for supply diver-
sification, and issues related to the balance of trade 
are expected to continue to make the United States a 
major participant in world coal markets. 

1986 Trends in World Coal Trade 

In t986, world coal trade continued to grow at a slow 
pace. World coal markets were characterized by 
more uncertainty than in any other recent year. 
Three major factors —declining oil prices, turmoil in 
South Africa, and the lower value of the United 
States dollar —contributed to the resulting changes in 
trade patterns. 

First, early in 1986 the continued overproduction of 
oil worldwide and the failure of OPEC to agree on 
production levels led to the collapse of the world oil 
price. World crude oil prices fell from a high of 
about $27 per barrel at the beginning of 1986 to 
$9.50 per barrel by midyear. In December, however, 
OPEC agreed to cut production by seven to eight 
percent, and world oil prices recovered, reaching 
$16 per barrel by the end of the year. The price of 
heavy fuel oil, coal's principal competitor in the 
utility and industrial markets, followed the decreases 
in the world oil price. In the early 1980's, the 
thermal-equivalent price of heavy fuel oil had been 
two to three times greater than that of coal, making 
coal vary competitive in world energy markets. 
During 1986, however, the thermal-equivalent price of 
heavy fuel oil dropped to levels that threatened coal's 
competitive position in world markets. It is expected 
that low residual oil prices will continue to keep coal 
prices at low levels in the short term. 

Second, world coal markets were influenced by social 
and political unrest in South Africa, Europe's major 
steam coal supplier. Throughout much of 1986, there 
were threats of sanctions on coal imports from South 
Africa by the United States, the European Economic 
Community (EEC), and Japan. By the end of the 
year, only the United States, France, and Denmark 
had actually imposed sanctions. 	 The United States
passed legislation prohibiting imports of South African 
coal. Although the West German vote in the EEC 
blocked proposed sanctions on coal imports, normal 
business patterns in the European markets were dis-
rupted and traders marketed South African coal at 
discounted prices.

Third, the significant weakening of the United States 
dollar against the European and Japanese currencies in 
1986 made coal imports (from all sources) less expen-
sive in terms of the national currencies of the major 
coal-Importing countries. While this development 
benefited United States coal exports, it made coal 
exports of other countries cheaper as well, because 
most international coal contracts are denominated in 
United States dollars. 

The fluctuations in exchange rates have begun to in-
fluence the manner in which the terms of trade are 
negotiated between coal-importing and coal-exporting 
countries. For example, at the end of 1986, con-
tracts negotiated between the Japanese and the 
Australians specified that the contract price would be 
established by a formula governed by the exchange 
rate of the Australian dollar against the United States 
dollar. The formula Is intended to protect the 
traders in the event of major fluctuations in the 
value of the Australian dollar. 

In the short term, world coal trade is expected to in-
crease only slightly because of the turmoil in the oil 
market. Metallurgical coal demand is projected to 
remain fairly stable, while steam coal demand con-
tinues to expand. Growth in steam coal demand will 
be related to growth In electricity generation provided 
by coal-fired capacity. In this period of slow expan-
sion In world coal markets, the United States is 
projected to remain a high-cost swing supplier, with 
no growth In its coal exports. Increasing supplies of 
competitively priced coal from new exporters such as 
Colombia are projected to limit the growth of United 
States exports.	 In 1986, United States coal exports
declined by eight percent, to 86 million tons. 

Mid-Demand Case Steam Coal Projections 

In 1985, world steam coal 	 trade amounted to
188 million tons. This trade Is projected to rise to 
357 million tons by 2000. Australia, South Africa, 
the United States, and Poland are expected to remain 
major suppliers in the world steam coal market 
through 2000. By 2000, however, Colombia Is ex-
pected to emerge as the fourth-largest exporter, dis-
placing Poland. 

Australian steam coal exports are projected to in-
crease more than those of any other country between 
1085 and 2000, from 42 million tons to 92 million 
tons. The high growth projected for Australian ex-
ports reflects the rate of market expansion projected 
for Asia. Australia also has a role In the Western 
European market, where Australia's competitiveness is 
determined largely by fluctuations in costs for ocean 
transportation. 

South Africa is projected to increase its exports be-
tween 1985 and 2000 from 44 million tons to 
76 million tons, becoming the world's second largest 
steam coal exporter. Much of that growth is ex-
pected to occur in the Asian market, although South 
Africa's exports to Western Europe are projected to 
increase substantially between 1985 and 2000. 
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United States steam coal exports are projected to in-
crease from 34 million tons in 1985 to 43 million tons 
In 1995 and to 51 million tons In 2000. The United 
States Is expected to maintain its place as the third 
largest exporter of steam coal, although its share of 
world steam coal exports is projected to fall from 
18 percent in 1985 to 14 percent in 2000. Western 
Europe remains the largest market for United States 
steam coal, although supplies to Asia should increase 
by 2000. 

Polish steam coal exports are expected to grow 
modestly, primarily in response to increased demand 
in Eastern Europe and limited supplies from the 
U.S.S.R. Despite their minor roles In the current 
steam coal market, the developing coal industries of 
Canada, Colombia, and China are expected to export 
increasing amounts of steam coal. Canada has com-
pleted a major expansion of its coal production and 
transportation capacity and has signed long-term con-
tracts, primarily with Japan.	 Colombia has the
potential to be a major coal exporter, with a deep-
draft port a short distance from Its mines. China's 
export capability, although potentially large, Is con-
strained by domestic needs and the need to develop 
an infrastructure for inland transportation and 
coal port facilities. 

Delivered Cast of Steam Coal 

Differences in the cost of coal among producing 
countries result from differences in production costs, 
coal quality, transportation costs, and levels of 
government subsidies or taxes on the coal industry.

Figure 1 shows projected costs (In 1985 dollars) of 
steam coal delivered to the major coal-importing 
areas from the major coal-exporting countries In 1995. 
These are estimated costs based on the EM mid-
demand case. They are not based on actual sales 
prices. Actual prices may include an economic rent 
(revenue above the marginal cost of production and 
transportation, including a normal rate of return), 
whereas the costs in Figure 1 do not. In markets 
where the price of coal is set by the high-cost ex-
porters, the differences between the costs of high-
cost exporters and low-cost exporters would reflect 
economic rents to the low-cost exporters. 

The data indicate that in both Europe and Asia, the 
least expensive steam coal will come from South 
Africa. Generally, the most expensive steam coal 
will come from the United States, although the cost 
of Appalachian coal will vary among small surface 
mines, medium-sized deep 'nines, and large surface 
mines. Coal produced from deep mines ti-i Utah Is 
relatively Inexpensive at the minemouth, but high in-
land transportation costs make it expensive in export 
markets. Projected costs of Australian steam coal 
from surface and deep mines in New South Wales fall 
between those of the United States and South Africa. 
Coal from the Cerrejon surface mine in Colombia is 
expected to be competitive with South African coal in 
Europe, reflecting low inland and ocean transportation 
costs. 
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FIGURE 1 

PROJECTED DELIVERED COSTS OF IMPORTED STEAM COALS, 1995
(MID-DEMAND CASE) 
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the United States reflect average Appalachian coal costs from the east coast ports. Shipments from 
Australia are for New South Wales coat loaded from Port Kamble. Shipments from Colombia are for the 
Carrejon North mine loaded from Puerto Bolivar. Shipments from South Africa are for Transvaal coal 
loaded from Richards Bay. Shipments from Canada reflect averages for northeast British Columbia/ 
southeast British Columbia and Alberta coal loaded from Prince Rupert and Roberts Bank. 

Source: Energy Information Administration, International Coal Trade Model projections. 
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RECENT COAL PUBLICATIONS/PATENTS 

The following papers were presented at the Seventh Annual Electric Power Research Institute Conference on Coal 
Gasification held in Palo Alto, California, October 28-29, 1987 

Gluckman, M., "Economic Evaluations and Utility IGCC Studies." 

Matchak, T., et al., "GCC Staged Construction Studies with Shell Technology." 

Smith, W., et al., "Integration of a Coal Gasification Combined Cycle Unit lito the FPL (Florida 
Power & Light) System." 

Booms, G., et al., "British Gas/Lurgl (BGL) 180-MW Site-Specific IGCC Study." 

Brown, S'?.,' Low-Cost Oxygen for IGCC Facilities." 

Pitrolo, A., et al., "Simplified IGCC: Coal's "Adam Smith" Response to a Changing World." 

Watts, 0., at at., "Cool Water IGCC - Economic Electric Power from Clean Syngus." 

Webb, ft., et al., "The Dow Syngas Project - Start-Up and Initial Operations." 

Mujadin, H., "The Great Plains Success Story." 

Krewlnghaus, 8, et at., "Start-Up and Operating Experience with the Shell Coal Gasification 
Demonstration Plant." 

Bremc, V., at al., "Status of German Gasification Technologies." 

Durrfeld, ft., "Production of Synthesis Gas fro'n German hard Goal by Texaco Coal Gasification 
Process." 

Engelliard, J., at al., "Status of the High Temperature Winkler (fiTs?) Coal Gasification Process." 

Buskics, U.,"PRENFLO - The European Approach for IGCC." 

Ishimori, H., at al., "Status of Japan's IGCC Development with Entrained-Flow Gasification 
Technology." 

lCurnki, H., at al., "Technology for Coal-Based Hydrogen Production." 

Bakker, W., "Materials for Coal Gasification." 

Fa.hrion, H., "Materials Testing and Experience at the Cool Water IGCC Plant." 

La Blanc, G., "Environmental Monitoring of the Dow Syngas Project - Phase I Commissioning 
Stage Status." 

The following articles appeared In Energy Progress, Volume 7, Number 3, September 1987: 

Femmer, U., et at., "Gasification of Brown Coal for the Generation of Synthesis Gas." 

Batik, S., et al., "Biological Conversion of Coal Synthesis Gas to Methane." 

The following articles appeared in The Journal of Coal Quality, Volume 6, Number 3, July, 1987: 

Gray, R. H., "Coal: Can it be Converted to Environmentally Acceptable Liquid Fuels?" 

Merritt, R. C.," Alaska's Low-Sulfur Coal Resources May be World's Largest." 

The following papers were presented at the Fifth Symposium on Separation Science and Technology for 
Energy Applications held in Knoxville, Tennessee, October 26-29, 1987: 

Shah, N. D., et al., "Separation by Countercurrent Washing of Coal-Caustic Mixtures During 
Chemical Coal Cleaning."
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Dymock, K.. R., et al., "Treatment of Synthetic Crudes with Metal Chlorides and Carbonyls." 

Perry, R. W., at al., "Adsorption of Polysaccharides and Related Compounds onto Coal and the 
Effects on Coal and Pyrite Flotation." 

Cheng, Y. S., et al,, "Application of Enhanced Vacuum Filtration to Dewatering of Fine Coal 
Refuse." 

The following PhD thesis was published by Microreproduction Laboratory, Massachusetts Institute of 
Technology: 

Darivakis, C., "Effects of Reaction Conditions and Pretreatment Methods on Liquid Yields from 
Low Rank Coals." 

The following papers were presented at the Ninth International Congress of Chemical Engineering, Chemical 
Equipment Design and Automation held at Praha, Czechoslovakia, August 31-September 4, 1987: 

Sokic, M., at al., "The Impact of Coal Conversion Technologies on Structuring the Efficient Sys-
tem of the Petro Chemical Industry." 

BuUe, H., et al., "Hydrothermal Treatment of Soft Brown Coal." 

Richter, J., at al., "Kinetics of Coal Liquefaction." 

Geike, Il., et al., 'Solubilities of Hydrogen and Other Gases in Coal Liquids." 

Le Holey, N., et al., "Kinetics of Coke Gasification in a Fluidized fled of Sand." 

Putt, P., et al., "Effect of Pore - Diffusion on Reactivity of Lump Coke." 

Xuznetsov, B. N., et al., "Catalytic Pyrolysis and Combustion is a New Direction in Thermal 
Conversion of Coal." 

Lucas, K., et al., "A Comparison of Technologies for Coal Gasification Under Pressure in an 
Entrained System." 

Iloiwing, K. M., et al., "Ultraclean Coal-Based Pseudoliquid Fuels - Processes, Properties and 
Prospects." 

111cr, E., et al., "Operation Analysis of Polish Installations for Coal Liquefaction on the Grounds 
of Radiotracer Investigations of Phase Dynamics." 

Kopscl, It., et al., "influence of Coal Properties and Reaction Conditions on the Liquefaction 
Behavior of G.D.R. Brown Coals." 

Kopsel, R., at al., "Gasification of Selected G.D.R. Brown Coals with Steam, CO 2 and Mixtures 
of These Components: Kinetics and Catalytic Activity of Ash Constituents." 

Chin, C., et al., "Effect of Coal Char Properties on Intrinsic Gasification Rate in 

The following papers were presented at the Fourth Annual Pittsburgh Coal Conference, held in Pittsburgh, 
Pennsylvania, October 2, 1987: 

Watt, D. ii., "Great Plains Gasification Plant Improvement Study." 

Roberts, J. R., et al., "Waste Coal Fired Cogeneration and Small Power Production Facilities in 
Western Pennsylvania." 

Leibson, I., "Policy Options for the Clean Coal Technology Program." 

Jenkins, R. C., et al., "Research Needs for Coal Gasification and Combustion," 

Radovic, L. It., at al., "Reactivity and Oxygen Chemlsorption Behavior of Partially Gasified Coal 
Chars." 

Freihaut, J., et al., "Heat Transfer Effects on Tar Yields and Characteristics and Light Gas 
Yields During Coal Pyrolysis."
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Sehellberg, W., at al., "Operating Experience and Results from the Prenflo Demonstration Plant." 

Thompson, B. H., et at., "The Application of the British Gas/Lurgi (DCL) Slagging Gasifier for 
Integrated Coal Gasification Combined Cycle Power Generation." 

Staudinger, C., et al., "The Voest-Alpine Process for Gasification of Lump Coal and Fines." 

Flowers, A., "Prospects for Coal Gasification in China." 

Matsunaga, E., "Ammonia from Coal." 

Penner, S. S., "Coal Gasification: Direct Applications and Synthesis of Chemicals and Fuels." 

Henley, J. P., et al., "Initial Experience of the Commercial Dow Coal Gasification Plant." 

Cover, A. E., et at., "Recent Advances in Kellogg's KRW Coal Gasification Technology." 

Lakes, A. C., "Great Plains - The Successes and Lessons Continue." 

Bromel, M. C., et al., "Applied Research and Development by the ANC Coal Gasification Com-
pany - Past, Present and Future." 

Judkins, R. R., et al., "Advanced Research and Technology Development-Fossil Energy Materials 
Program." 

Bakker, IV., "Materials Issues in IGCC Power Plants." 

Roseberry, L. ii., "Environmental Assessments of Developing Coal Conversion Technologies: 
Where are the Data?" 

Fatemi, M., et al., "Coal Pyrolysis in a High Pressure Entrained-Flow Reactor." 

Soo, S. 1., "Production of Liquid and Gaseous Fuels in Coal Desulfurization." 

Pepsi, Y. ft., et al., "Mathematical Models for Coal Devolatilization and Temperature Distribu-
tion in Coke Ovens." 

Raghunuptan, K., et al., "Unification of Coal Gasification Data and Its Applications." 

COAL - PATENTS 

"Method for the Beneficiatlon, Liquefaction and Recovery of Coal and Other Solid Carbonaceous Materials", Lester 
E. Burgess, Robert, C. Ungatrom, David E. Herman, Phillip S. McGarry - Inventors, Standard Oil Company, United 
States Patent 4,671,801, June, 9, 1987. An integrated, continuous (or batch) process for the beneficiation and/or 
liquefaction of coal, especially low rank coals, is provided, the process generally involving ad.-nixing coal with an 
organic liquid medium under high shear agitation, further beneficlating the coal by admixing the same in an aqueous 
medium optionally containing a monomer and a polymerization catalyst therefore 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 it 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 
G. Meyer, Lee G. Meyer - Inventors, Carbon Fuels Corporation, United States Patent 4,671,800, June 9, 1987. Coal 
char, preferably produced by the pyrolytic destructive thermal distillation In the absence of oxygen of carbonaceous 
materials selected from lignites, peats, low rank coals, and waste coals, is beneficiated, 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 peats are 
mechanically and/or thermally dehydrated prior to pyrolysis. Waste coals are beneficlated prior to pyrolysis. At 
least part of the liquid organic fraction is obtained from the pyrolysis of the carbonaceous material. Both the solid 
and the liquid portions can be used independently as fuel, or the solid/liquid fuel system can be fired directly. 

"Combined Gas and Steam-Turbine Power Generating Station", lunch Schiffers - inventor, Kraftwerk Union AG DE, 
United States Patent 4,697,416, October 6, 1987. A combined gas and steam-turbine power generating station 
having a gas-turbine unit and a steam turbine unit, the gas-turbine unit having a gas turbine with a combustion 
chamber, a coal gasifier preceding the gas turbine unit, a heat exchanger plant including a raw gas/pure gas heat 
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exchanger following the coal gasifier, a gas purifier following the heat exchanger plant, a pure-gas line leading 
from the gas purifier to the combustion chamber of the gas turbine, an air decomposition plant with a molecular 
sieve regeneration cIrcuit preceding the coal gasifier and having an oxygen line feeding the coal gasifier and a 
nitrogen line leading to the combustion chamber of the gas turbine, and a nitrogen compressor connected in the 
nitrogen line, includes at least one air compressor preceding the air decomposition plant and the combustion cham-
ber of the gas turbine, and an air line connecting the air compressor to an input of the air decomposition plant, 
the air line being divided into two parallel branches, one of the branches including therein a heat exchanger con-
nected into the molecular sieve regeneration circuit of the air decomposition plant and the other of the branches 
including therein a nitrogen/air heat exchanger leading to the combustion chamber of the gas turbine. 

"Method and Apparatus for Multiphase Coal Hydrogenation Reactors with Exothermal Heat of Reaction Having Gas 
Cooling in Sump-Phase Reactors", Herbert Dybus, Frank Mirtsch, Eckard Wolowski - inventors, hluhrkohie AG OR, 
United States Patent 4,696,735, September 29, 1987. A practically isothermal temperature distribution of the reac- 
tor contents is obtained, especially for high temperature and pressurized hydrogenation reactors operating in the 
sump-phase by a hydrogenation gas passing over the outer region of the reaction chamber, so that the hydrogenation 
gas cools the reaction in the chamber. Additionally, the reaction heat which is extracted by the hydrogenation gas 
Is used to heat the reaction components at a stage in the hydrogenation process. The major portion of the reac- 
tion heat is used to heat charges, preferably for the reactors, which charges contain no appreciable amounts of 
solid material. These charges, preferably comprising hydrogenation gas, preferably pass through a jacket space be-
tween the reaction chambers and the external portion of the reactors, which external portions preferably make con-
tact with the atmosphere. Only comparatively small quantities of a cold gas, mixed into the reactors for the cool-
ing thereof, are required to establish the desired isothermal temperature distribution. 

"Method and Apparatus for the Selective Separation of Gaseous Coal Gasification Products by Pressure Swing 
Adsorption", Madhav R. Chats, Ralph T. Yang - inventors, United States Department of Energy, United States 
Patent 4,696,680, September 29, 1987. Bulk separation of the gaseous components of multi-component gases 
provided by the gasification of coal including hydrogen, carbon monoxide, methane, and acid gases (carbon dioxide 
plus hydrogen sulfide) are selectively adsorbed by a pressure swing adsorption technique using activated carbon, 
zeolite or a combination thereof as the adsorbent, By charging a column containing the adsorbent with a gas mix-
ture and pressurizing the column to a pressure sufficient to cause the adsorption of the gases and then reducing the 
partial pressure of the contents of the column, the gases are selectively and sequentially desorbed. Hydrogen, the 
least absorbable gas of the gaseous mixture, is the first gas to be dcsorbed and is removed from the column in a 
cocurrent direction followed by the carbon monoxide, hydrogen and methane. With the pressure in the column 
reduced to about atmospheric pressure the column is evacuated in a countercurrent direction to remove the acid 
gases from the column. The present invention is particularly advantageous as a producer of high purity hydrogen 
from gaseous products of coal gasification and as an acid gas scrubber. 	 - 

"Method and Equipment for Gasification of Coal", Shuntaro Koyama, Hiroshi Miyadera, Tomohiko i.hiyamoto - Inven-
tors, Agency of Industrial Science and Technology, United States Patent 4,696,678, September 29, 1987. A method 
for the gasification of coal in a fluidized bed gasifier to improve gasification efficiency comprising the steps of in-
troducing coal into the thermal cracking zone of a fluidized bed gasifier, thermally cracking and partially combust-
ing the coal in said gasifier, recovering a fluid product gas containing fine particles therein from the fluidized bed 
gasifier, separating the fine particles as char from the first product gas, gasifying said recovered fine char particles 
at a temperature higher than its melting point in a high temperature gasifier to produce ash and a second product 
gas having 112 and CO as its main components, recovering the ash as a slag and feeding the second product gas 
containing 112 and CO to the coal feeding position of the fluidized bed gasifier in the thermal cracking zone. 

"Nonaqueous Coal Cleaning Process", Arthur E. Starbuchc - inventor, United States Patent 4 9 695,371, September 22, 
1987. A process for coal cleaning providing a method of cycloning fine particle coal for cleaning the coal of ash 
and pyrites, the method including steps of demoisturizing the coal by immersing the coal in an elevated tempera-
ture, non-aqueous liquid and cycloning the coal in a non-aqueous, agglomerate inhibiting carrier liquid. 

"Integrated Coal Cleaning Process with Mixed Acid Regeneration", James K. Kindig, James E. Reynolds - Inventors, 
Integrated Carbons Corporation, United States Patent 4,695,290, September 22, 1987. The present invention provides 
processes for the continuous removal of contaminants from coal to produce a clean purified fuel. The processes 
generally comprise producing a clean coal product having a mineral matter content of less than about five percent 
by weight from coal and coal derivatives by leaching feed coal crushed or sized to less than about one inch with a 
mixture of hydrochloric and hydrofluoric acids comprising less than about 70 weight percent HP and less than about 
38 weight percent HCI at atmospheric pressure and at a temperature below the boiling point of the acid mixture. 
One embodiment of the present invention provides a process for producing a coal product with five percent ash 
content or less comprising comminuting raw coal or other coal-derived feed material to a size less than about 
10 millimeters; leaching the comminuted coal with a mixture of [IF and HCl comprising less than about 70 percent 
by weight HP and less than 38 percent by weight HCI at atmospheric pressure and a temperature below boiling, 
preferably ambient; separating the leached residue from the spent acid; washing the leached residue substantially 
free of spent acids and dissolved solids; separating pyrite from the coal by physical means; reducing halogens on the 
coal to an acceptable level by thermal treatment; and regenerating the mixture of HF and 11W by dual 
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pyrohydrolysis and sulfatlon of the spent acids to recover substantially all of the fluorine value except for that 
reporting to waste as MgF 2, either as HF or as volatile fluorides which are recycled. Another embodiment of the 
Invention provides processes for producing HF, KG!, and mixtures thereof from complex aqueous streams containing 
at least two metal halide salts one of which will pyrohydroiyze in the presence of water vapor to form hydrogen 
halide and the metal oxide and one of which will not, but will in the presence of water vapor, 50 2 and oxygen 
form hydrogen halide and metal sulfate. 

"Process and Apparatus for Producing High-Pressure and Superheated Steam", Rolf Boning, Ulrich Premel, Manfred 
Schultze - Inventors, Steinmuller, L & C GmbH BE, United States Patent 4,694,782, September 22, 1987. With a 
process for producing high-pressure superheated steam via hot reaction gases of a gas generator, In which coal or 
carbon containing materials are gasified, the production of the high-pressure superheated steam is effected in the 
gas generator and In a waste heat system. The gas generator preferably is provided with at least two integrated 
vaporizers, especially a radiation vaporizer and a radiation vaporizer and a radiation superheater. 

"Method for the Continuous Gasification of Solid Fuel",Georg Beckmann, Bruno Hullinger - Inventors, Waagner-Biro 
AG AT, United States Patent 4,684,374, August 4, 1987. Method for the continuous gasification of solid car-
bonaceous fuel, especially fuel having a high water content such as biomass and brown coal, in which the fuel is 
indirectly heated by condensing steam. Steam removed from the fuel during drying is then utilized to aid in the 
gasification of the same, thus producing generator gas, which Is directly recovered, 

"Method for Carbonizing Cold-Compacted Briquettes", Horst Dungs, Kurt Lorenz, Heinrich Weber - Inventors, United 
States Patent 4,683,030, July 28, 1987. Briquettes 'made from bituminous or sub-bituminous coal or peat are 
produced by grinding the coal, mixing it with a binder and compacting the mixture. They are then carbonized in n 
continuous process in a shaft oven. The coal may be predried and the finished briquettes may be preheated, with a 
subsequent drying and hardening. The carbonization is effected in two stages in an indirectly heated shaft oven, 
with the evolved gas being taken off about at the mid-height of the oven shaft, processed, and used for heating in 
the second, high-temperature stage. The flue gases from this high-temperature stage are used for heating in tile 
first stage and for preheating. The second or high-temperature stage is followed by a cooling stage where the 
gases evolved in the second stage, and mainly comprising hydrogen are used and circulated. The evolved gas in 
excess Is continuously removed from the cooling circuit. 

"Process for Separating Catalytic Coal Gasification Chars", Wei-Kuo Lee, un-Wan Wong - Inventors, Exxon Re-
search and Engineering, United States Patent 4,682,986, July 28, 1987. Catalytic coal gasification or combustion 
operation may be separated into two layers of fractions by contacting them with an Inert gas so as to fluidize 
them and thereby separately recover fractions of carbon-rich chars and fractions of carbon-poor chars, and collect-
ing the separate fractions. The carbon-rich chars may then be recycled to the gasifier to be gasified, and the 
carbon-poor chars may be treated to recover the catalyst. Larger catalyst containing chars may be effectively 
separated in the presence of a host medium of a bed of solids fluidized by the inert gas. Smaller chars may be 
separated In the absence of such a lost medium. 

"Method and Apparatus for Producing Molten Iron Using Coal", Glenn E. Hoffman, David C. Meissner, John C. Scar-
lett, Frank V. Summers - Inventors, Midrex International B V Rotterdam CU, United States Patent 4,685,964, August 
ii, 1987. A highly efficient method and apparatus for production of molten iron using coal by coal gasification in 
a molten Iron gasifier-nelter. The gasifier-,nelter is coupled to a direct reduction shaft furnace and utilizes both 
the gaseous and solid output of the shaft furnace. Tile process is especially efficient when using non-metallurgical 
coals. 

"Method of Varying Rheology Characteristics of Novel Coal Derived Fuel System", Edmond G. Meyer, Lee G. Meyer 
- Inventors, Carbon Fuels Corporation, United States Patent 4,685,936, August 11, 1987. The rheology of a fluidic, 
combustible liquid/solid slurried fuel system derived in substantial part from the pyrolytic destructive thermal distil-
lation of coal in the absence of oxygen and which is comprised of a pipeline transportable, non-polluting fuel coal-
position Is varied by changing hydropyrolysis conditions to alter the viscosity of the liquid. Likewise, the viscosity 
of the liquid organic fraction which serves as the slurry medium or as a feedstock can be further varied by admix-
ture with low boiling alcohols. 

"Coal Gasification Process", Robert J. Stellaccio, Robert M. Suggltt - Inventors, Texaco Incorporated, United States 
Patent, 4,692 9 172, September 8, 1987. Low sulfur, iron and calcium containing solid carbonaceous fuel having a 
high melting point ash Is mixed with a sufficient amount of Iron sulfide containing material or supplemental iron 
and sulfur containing reactant materials that react in the reaction zone to produce iron and sulfur containing coin-
pounds. The mixture of materials is reacted In a free-flow gasifier by partial oxidation to produce a raw gas 
stream of synthesis gas, reducing gas or fuel gas, containing entrained particulate matter including molten slag. By 
tile process, sufficient iron and sulfur are in the reaction zone so that the melting point of the fuel ash is 
decreased, and the mole ratio H 2 S/1I 2+CO in the raw gas stream is greater than 0.01. Further, the amount of iron 
in the molten ash is greater than 10.0 Weight percent, and preferably at least 14 weight percent of the molten ash. 
By this means, the fluid temperature of the molten ash entrained In the raw gas stream is reduced at least 1000 F 
less than the fluid temperature of the fuel ash without the addition of iron and sulfur, and the gasifier may be 
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operated in the molten slagging mode at a lower temperature. Further, coal wash tailing containing Iron sulfides 
may be disposed of as a portion of the teed to the gasifier In an environmentally acceptable manner; and useful 
byproduct sulfur may be recovered. 

"Separation of Ash and Char in the Formation of Carbon Black from Coal", Webb E. Henderson - inventor, Phillips 
Petroleum Company, United States Patent 4,689,210, August 25, 1987. A process of separating ash and char and 
the partial combustion formation of carbon black from coal wherein coal, fuel and air are introduced at the top of 
a down draft slagging combustor operating above the melting point of ash so that molten ash aggregates in the 
combustor and precipitates to the bottom of the combustor. After the molten ash has been precipitated, the 
remaining carbon black, flue gas and char are conveyed to a char removal chamber where char fails from the flue 
gas and carbon black. This carbon black and flue gas are then conventionally separated. Oxygen is added to main-
tain the temperature of the combustor for a sufficient time for the molten ash to aggregate and precipitate. Ad-
ditionally, a flux such as calcium carbonate can be added to reduce the melting point of the ash. 

"Process for the Hydrogenation of Coal", Helmut Wurfel - Inventor, GFK Gesellschaft Fur Kohleverfiussigung MDII 
DE, United States Patent 4,689,139, August 25, 1987. in a process for hydrogenation of coal,- comprising a 
sequence of reaction steps, connected in series, in which finely divided coal is mixed with oil and pumped to pres-
sure, subsequently is heated to the hydrogenation starting temperature and then is subjected to catalytically ac-
tivated hydrogenation, in the presence of hydrogen, wherein at least part of the heat required for heating is trans-
ferred to the coal by direct heat exchange with the hot product vapors; thereafter extracting a portion of the liq-
uid intermediate product present in the reaction step downstream of the last reaction stage, and feeding, at least 
part of such product to the coal slurry which has been pumped to pressure. Preferably, the first reaction step is a 
preliminary reactor and the liquid intermediate product is fed to the coal slurry together with the hot product 
vapors. In an intermediate separator downstream from the mixing zone, the uncondensed portion of the product 
vapors, remaining after the heat exchange of the slurry with the gases and vapors withdrawn from the heated coal 
slurry, is separated from the slurry and passed to further hydrogenating purification. 

"Method for Drying Coal with Hot Recycle Material", Glen D. Jukkola, Lawrence J. Peleta, Jr. -Inventors, Com 
bastion Engineering Incorporated, United States Patent 4,690,076, September 1, 1987. A method of feeding particu-
late material (17) to a fluidized bed furnace (10) is provided wherein particulate coal, particulate limestone and 
particulate material withdrawn from the furnace system are fed to the furnace as a mixture in a unified feed sys-
tem. Raw coal and limestone are independently crushed to the desired size and premixed to yield a desired cal-
cium to sulfur mole ratio. The premixed coal and limestone (7) are passed to a dryer/mixer and contacted therein 
with hot particulate material (9, 19) withdrawn from the fluidized bed furnace system for a period of time suffi-
cient to substantially dry the wet coal and hydrate at least a portion of the lime contained in the hot particulate 
material. The so-conditioned mixture (15) is then entrained in a conveying gas and fed to the fluidized bed (12) in 
a conventional manner. 

"Coal Gasification Composite Power Generator", Masamichi Kashiwazaki, Kiichiro Ogawa, Satoshi Uchida - Inven-
tors, Mitsubishi Jukogyo K K JP, United States Patent 4,689,949, September 1, 1987. A coal gasification composite 
power generator which comprises a coal pulverizer in which coal is finely pulverized, a means for transferring the 
finely pulverized coal while drying the finely pulverized coal with a drying gas, a coal feeding means for feeding 
the coal from the transfer means to a gasification furnace in which the coal is converted to a combustible gas, a 
gas turbine connected to the gasification furnace and driven with the combustible gas fed from the gasification fur-
nace, and an exhaust gas boiler to which an exhaust gas from the gas turbine is passed to recover the heat of the 
exhaust gas. The power generator is characterized by further comprising a device for withdrawing part of the 
combustion exhaust gas at an upstream and a downstream side of the exhaust gas boiler and mixing the withdrawn 
gases and a pipe connecting the withdrawing device and the pulverizer, so that the mixed gas is passed to the pul-
verizer. 

"Direct Use of Methane in Coal Liquefaction", Meyer Steinberg, Mutlrn S. Sundaram - Inventors, United States 
Department of Energy, United States Patent 4,687,570, August 18, 1987. This invention relates to a process for 
converting solid carbonaceous material, such as coal, to liquid and gaseous hydrocarbons utilizing methane, generally 
at a residence time of about 20-120 minutes at a temperature of 250-750 0 C, preferably 350-450 0 C, pressurized up 
to 6,000 psi, and preferably In the 1 1 000-2,500 psi range, preferably directly utilizing methane 50-100 percent by 
volume in a mix of methane and hydrogen. A hydrogen donor solvent or liquid vehicle such as tetralin, 
tetrahydroquinoline, piperidine, and pyrolidine may be used in a slurry mix where the solvent feed is 0-100 percent 
by weight of the coal or carbonaceous feed. Carbonaceous feed material can either be natural, such as coal, wood, 
oil shale, petroleum, tar sands, etc., or man-made residual oils, tars, and heavy hydrocarbon residues from other 
processing systems. 

"Flow Control System for Erosive Fluids", James P. Maddox - Inventor, 1140 DeLaval Incorporated , United States 
Patent 4,687,495, August 18, 1987. A system for pressure letdown and flow control of high-pressure erosive fluid 
streams containing gas, liquid and solid particles, such as process slurries used in coal gasification and liquefaction. 
Throttle valves presently used for this application suffer excessive impingement erosion and corrosion damage, lead-
ing to short valve lifetime even with super-resistant valve materials. The present invention uses pairs of fixed-
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geometry opposing nozzles whose Jets meet containment at the reduced pressure. The only erosion encountered 
here Is scouring of internal nozzle surfaces which is minor and permits long lifetimes to be attained with conven-
tional material. This system provides flow control by (1) varying the number of nozzle pairs which are on-line by 
use of on-off shutoff valves for stepwise flow Increments, and (2) low-pressure-drop operation of conventional 
throttle valve in the main line for proportional control within one step increment. Different nozzle designs ac-
commodate supercritical, subcritical and gasless hydraulic flow. 

"Apparatus for the Production of Liquid Iron From Iron Oxide", Jean M. Van Langen - Inventor, iloogovens Groep B 
V NL, United States Patent 4,687,183, August 18, 1987. Method and apparatus for producing liquid iron from iron 
oxide, wherein the iron oxide is substantially converted to sponge iron by passing reducing gas through it In a 
reduction column and Is then melted in a melt vessel which Is in open communication with the reduction column by 
heat generated by reaction of oxygen containing gas and carbonaceous material which reaction provides said reduc-
ing gas. To improve control of the process, the oxygen containing gas and the carbonaceous material are respec-
tively substantially pure oxygen and coal powder which are delivered separately Into the melt vessel, and the liquid 
iron bath In the melt vessel is stirred so as at least partly to be kept in notion. By separate control of the 
oxygen and coal supplies, e.g. the level and/or direction of delivery, and by control of stirring, it is possible to 
control the ratio of CO and CO 2 in the reducing gas and also the heat output in the melt vessel. 	 $ 

"Process and a Plant for the Direct Reduction of Iron Oxide Particles In a Shaft Furnace and for Smelting the Ob-
tained Iron Sponge Particles in a Meltdown Gasifier", Konstantin Miflonis - inventor, Korf Engineering Gmbll DE; 
Voest Alpine AliT AT, United States Patent 4,699,655, October 13, 1987. A Process and a plant for the direct 
reduction of Iron oxide particles in a shaft furnace and for smelting the obtained iron sponge particles in a 
meltdown gasifier. A coal fluidized bed is formed in the meltdown gasifier by supplying coal and oxygen containing 
gas, in which the heat necessary to smelt the iron sponge particles as well as the reducing gas to be injected into 
the shaft furnace are produced. The top gas remaining after the reduction Is drawn off the upper part of the 
shaft furnace and the dusty solid particles, which are discharged together with the reducing gas and/or with the top 
gas, are washed out by scrubbers. The suspension of the washed out solid particles is thickened and separated into 
a clear overflow and a concentrated coal slurry. The coal slurry Is recycled into the meltdown gasifier, Is 
pressure-gasified with oxygen and Is burnt by burners arranged in the upper part of the meltdown gasifier and 
directed townrds the coal fluidized bed.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline denotes changes since September, 1987) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) 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-1 process. That program has evolved over the years in 
terms of technology and product slate objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for 
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 coal 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 coal 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 MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active 
second stage catalyst. 

Current work emphasizes identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. 

Project Cost: Construction and operating costs (through calendar 1985):$97 million 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-17) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near 
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 coal of low sulfur and high ash content. The ammonia plant, which 
utilizes conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs ICI's 
low pressure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 
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A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 
AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil zeolite catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a mute 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 can on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked "DIESANOL" by 
AECI. 'DIESANOL' has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number 
of countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECT - The M. W. Kellogg Company Bechtel Development Co.; and United States Department of Energy (C-
19)

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (10CC) sys-
tem. The project, to be located in Pennsylvania, will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. 
One KRW gasifier operating in the air-blown mode will convert 485 tons per day of bituminous coal into a tow-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 nominal 60 megawatt demonstration project will feature a hot gas cleanup system which delivers fuel clean gas at 1,000 de-
grees to 1,200 degrees F to the combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system 
uses in-bed desulfurization and a hot-sulfur-removal polishing step consisting of a zinc ferrite sorbent bed. Particulates will he 
removed by a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,800 BTU per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

DOE has agreed to provide cooperative funding for the project under its Clean Coal Technology Program. 

Kellogg, as the manning partner of the proiect, will design, engineer and procure the ocal gasification plant. Bechtel will con-
struct it. Bechtel will also design, procure and construct the power island and su pportive offsites. 

Project Cost: Not Disclosed 

I3OTFROP DIRECT' COAL LIQUEFACTION PILOT PLANT' PROJECT - Ruhrkohle AG, Veba Oel AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany (C-65) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improve 

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 
Ruhrkohte/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 
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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: DMQ million (by end-j7) 

BRITISH 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 ton 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 coats has shown that it will liquefy economi-
cally most coats and lignite and can handle high ash feed stocks. British Coal is proceeding with the design and construction of a 
2.5 tons per day plant at the Point of Ayr site 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-Ducicham 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 BTU gas. When operated at atmospheric pressure 
the system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use ma combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work is currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
demonstration plant financed by British Coal and the European Community is being tested. The initial program will be 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 
hydroliquefaction, 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 coal to oil ratio of 40:60, and employs reaction conditions of 
residence time ca 30 minutes, 112 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 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis 
has been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SHDI) has been developed 
and has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. 
The research has also been concerned with the upgrading (refining) of product syncrudes to specification transport fuels. 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, and necessitate hvdrotreatment of the coal syncrude to an almost totally 
naturated product. Specifications may be readil y achieved by blending with petroleum product or by addition of ignitionim-
provers. 

Substantial efforts have been directed towards understanding the chemical basis of iet and diesel fuel s pecification properties. As 
a result novel insights into the chemical prerequisites for acce ptable fuel q uality have been gained and are valid for petroleum 
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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 

CAN DO PROJECT - Continental Energy Associates (C-85) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in FlazIe 
Township, Pennsylvania to produce low UTU 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 SEC 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: $53 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. Start-up date is not firm; depends on the price of natural gas and Caterpillar's production schedules. 

Project Cost: $5-1 million. 

CIIEMICALS 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 

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
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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 use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (101'). When completed, the COGA-1 plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for 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 PROGRAM - Participants (Equity Owners): Bechtel Power Corporation, Electric Power 
Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and 
Texaco inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and Sohio Alternate Energy Development 
Company (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal Gasifica-
tion Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General Electric com-
bined cycle unit to produce approximately 120 megawatts of gross power. The California Energy Commission approved the state 
environmental permit in December 1979 and construction began in December 1981. Plant construction which took only 2.5 years, 
was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A five-year 
demonstration period is underway. Once the lint stage (demonstration) of the program is completed in June 1989, Southern 
California Edison has the o ption to undertake commercial operation of the facility if the economics are favorable and permits for 
continued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1979. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their current commitment is $69 million. Bechtel Power Corporation was selected as the prime 
engineering and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 
million to the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 mil-
lion to the Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power 
Company, Central Research Institute of the Electric Power Industry, Toshiba COP Corporation and Il-Il Coal Gasification Project 
Corp. signed a participation agreement on Februrary 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alter-
nate Energy Development Company are non-equity, contributors to the project, having signed contributor agreements on January 
20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million project loan with a $6 million 
in-kind contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million 
funding. 

A supply agreement was executed with Airco, Inc. on February 24, 1981 for Airco to provide over-the-fence' oxygen and 
nitrogen from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first 

solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SFC because it did not pass the 'credit elsewhere' test (the 
SFC believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price 
support under the SFC's second solicitation which ended June 1, 1982. On September 17, 1982, the SFC announced that the 
project had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. 
On April 13, 1983 the sponsors received a letter of intent from the SFC to provide a maximum of $120 million in price supports 
for the project. On July 28, 1983 the Board of Directors of the SFC voted to approve the final contract awarding the price 
guarantees to the project. 

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 could test up to 8 different coal feedstocks on behalf of its Participant companies. 

Thus far, a 32,000 ton Illinois No. 6 coal test (nominal 11 percent weight sulfur) and a 21,000 ton Pittsburgh No. 8 coal lest 
(nominal 2.9 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.
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The gasifier was started up on May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first 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 October 1987 the gasifier has been on-line for more than 18.700 hours, gasifying over 760.000 tons of coal (dry basis). 
Approximately L.8 billion gross kWh of electricity have been produced. 

The plant is often referred to as the world's cleanest coal-fired utility plant' with operations data on low-sulfur Utah coal reflect-
ing NOx emissions of Q pounds per million BTU; sulfur dioxide emissions of 0.034 pounds per million BTU (97 percent 
removal), and particulate emissions of 91 pounds per million BTU. These emissions average about 10-20% of the allowables 
under the United States Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

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. No 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 coal 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 convening 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/Dorr-Oliver site in Williamsport, Pennsylvania, when 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 SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company (C-245) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 90 percent of capacity. 

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 coal gasification technology to convert coal or lignite into medium ifFU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC SF-I acid gas mmoval system and Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, plant. 
Oxygen is supplied by Air Products. 

Construction of the plant was completed in first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of The Dow Chemical Company based in 
Plaquemine, Louisiana. 

In this application the Dow Gasification Process and the associated process units have been optimized for the production of syn-
thetic gas for use as a combustion gas turbine fuel. The project received! price auarantee from the United States Synthetic Fuels 
Corporation (now the Treasury Department) which is sub ject to the amount of tas produced by the nroiect. The amount of the 

Project Cost: $72.8 million
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DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its 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 leaden, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 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 Bellin-
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) 
$03 billion (mine) 

EI3ULIATED BED COAL/OIL CO-PROCESSING PROTOTYPE - Ohio Ontario Clean Fuels Inc., Stearns Catalytic Inc., MEl 
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 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both 
are simultaneously converted to clean distillate fuels. A*typical" C4-975 degrees F distillate fuel will contain 0.1 percent sulfur 
and 0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 
11,750 barrels per day of distillate product. Startup of the plant is slated for 1990. 

The project was selected by DOE for financial assistance in the Clean Coal Technology Program. 

Project Cost: $2175 million
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FLASH PYROLYSIS OF COAL Wfl'Il REACTIVE AND NON-REACTIVE GASES - Brookhaven National Laboratory and 
United States Department of Energy (C-340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with reactive and non-reactive 
gases. The result of this task is to establish a reliable data base for the rapid pyrolysis of coal over a range of reaction conditions 
which will be useful for development of processes based on these techniques. The yields and distribution of products are being 
performed in an entrained tubular reactor. The independent variables investigated include type of coal, process gas, pressure, 
temperature and residence time. Other independent variables include coal particle size and gas-to-solid feed ratio. The non-
reactive gases being investigated include the inert gases, He, N, and At chosen for their wide range of physical properties. The 
reactive gases include H.,, CO, 11,0 and CH  chosen because tfley are usually produced when coal is pyrolyzed. The light gas and 
liquid analyses are perftrmed 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 "(lash 
methanolysis.' Work on the program has been completed and a final report written. 

A new program has been initiated on mild gasification of coal to heavy oils and tars at milder process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. Preliminary experiments have been completed on the tubular reactor with 
a Kentucky No. 8 bituminous coal using a nitrogen sweep gas. A test matrix has been designed to obtain the process chemistry, 
yields and characterization of liquid product over a wide ryge of temperature (500 to 750 degrees C), coal particle residence time 
(10 sec to SO min), heatup rate (50 degrees C/sec to 10r degrees C/sec) coal particle size (50 to 300 microns) and additives 
(slaked lime, recycle ash, silica flour, recycle char). 

Project Cast: $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, Hcilongjiang Province. The gasifier will utilize a 
local lignite coal to produce a medium heating value industrial fuel gas for use at this plant. 

The Fiat 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 series 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 Fulaiji First Heavy Machinery Works. Once proven, additional fluidized bed gasifiers will be installed to replace all of the ex-
isting flied bed gasifiers at the Fulaiji plant. 

The project is envisioned to proceed in two phases. During Phase I, a single test gasifier will be installed to finalize design 
parameters at full scale and to verify Chinese equipment supply. Phase II would include the installation of additional gasifiers and 
other auxiliary facilities (waste water treatment, etc.). The project is currently in the detailed engineering and procurement phase 
with completion of construction in 1988. This early date will be the first commercial scale operation of Kellogg's KRW gasifier. 

The split of responsibility for Phase I is as follows 

Kellogg has completed all basic engineering services including process design and analytical engineering, with detailed 
design of the gasifier to permit fabrication and construction by the Fiat  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 L (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. 

Each KRW gasifier at Fularji 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 psigo will produce the fuel gas required for Phase I. 

Project Cat: Not disclosed
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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 characteristics needed 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 where 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 (CIAC) adsorption, in addition to extraction and stripping, before 
feeding the cooling tower. Phase IL 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 
SO 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 BOD reduction of 96 percent and the system displayed good resiliency. Stripped gas liquor further 
treated by activated sludge (AS) and granular activated carbon (GAC) was used as cooling tower feed in Phase LI. Following 
these pretreatment steps, this water had a very low organic loading of approximately 150 milligrams per liter of COD. The 
Phase II test was terminated April 30, 1984, after a 39 day run. Excessive corrosion rates and flow restrictions were the primary 
factors in the decision to stop the proposed 50 day test. The corrosion and fouling problems experienced in the Phase 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 1 MPY had originally been anticipated with the inhibitor dosages used in this system. However, analysis of zinc, 
chromium, and phosphate levels in the cooling water and in deposits showed evidence of polyphosphonate degradation. Because 
of this degradation, polyphosphonates were not able to stabilize zinc ion in the alkaline cooling water or effectively disperse solids. 

In order to determine water-specific effects of cooling tower wastewater reuse, a Phase IV test was performed using stripped gas 
liquor (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 SGL 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 avenge 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 93 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 
in the Phase IV system was less severe than in Phase I. Rates varied from 5 to 12 copy, 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 BODS removals through the three-stages were 95.6, 94.5, 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.
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PDU scale nitrification and denitrification testing of activated sludge treated GPGA SGL has been completed. Solids retention 
times (SRT) 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 NH 3-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 GPGP SGL and chemical additives. The SGL 
was treated by the activated sludge process producing an effluent with the following composition: 8005,50 milligrams per liter, 
COD, 625 milligrams per liter, and ammonia, 800 milligrams per liter. The additives consisted of Calgon pi-1reeGUARD 
corrosion/scale inhibitor at 10 ppm in the makeup and Calgon H-510 isothiazolin biocide in slugs of 100 plain in the basin. The 
corrosion rates ranged from less than ito 13 MPY for all metal!urgies (carbon steel, 304L 88, 316 58, 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 1985-June 1986) 

$0.16 million for annual research Year 4 
(April 1986-April 1987) 

CRC DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
CRC Gesellschaft fur Kohleverflussigung MbH (C400) 

Until 1984 GfK Gesellschaft fur Kohleverfiussigung MbA, a subsidiary of Saarbergwerke AG, has dealt with the single stage, 
severe hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expen-
sive low, ash-coals can be processed. 

For this reason since 1984 GfK has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
SUSI 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 pyrolizer for the 6 tonnes per day liquefaction unit. Data to plan 
a large demonstration plant are expected to be available by the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT— United States Department of Energy (C-420) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate 
the facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans 
called for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed 
the project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains 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 
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. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification 
plant, Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate 
natural gas system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The 
project sponsors were generally committed to providing one dollar of funding for each three dollars received under the loan 
guarantee up to a maximum of $740 million of equity funds.
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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 day of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANCI 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 WFU substitute natural gas (100 percent onstream factor). The gas is marketed 
through a 34 mile tong 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/DOJ) 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,CNY.) tonne full-scale industrial test of Greek xylitic type lignite conducted by TECHNOEXPORT, 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. Alter 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, 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 

I-IUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (CGT) GmbH, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz ladustrieverwaltung (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 COT 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 
gasification media (steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot 
product gas and are separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The 
coke dust is then fed to the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled 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 
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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 CUT gasification process. The 
process design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The 
component test facility and the 4 tons per hour 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 BflIJMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-SOS) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inauguratedin 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 coal liquefaction R&D, involving two large pilot plants. Thc 
construction of a SO tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 250 tons per 
day bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled "Victoria Brown Coal Liquefaction Project." The properties of 
brown coal and bituminous coal are so different that different processes 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 solrolysis 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 completed. It is expected that the pilot plant will start operation in 1991 

Project Cost: 100 billion yen, not including the three existing PDU 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics (C-495) 

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 ET'Kh-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoye 
deposit. The test unit will have a capacity of 175 tons of coal per hour. The process will produce coke, tar, and combustible 
gases. Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. 
However, a facility to convert the coal tar into fuels and chemicals has not been built. Therefore, the tar will be burned as fuel in 
the adjacent utility. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovskaya mine of the Novomoskovsk Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-5 was to occur 
in 1984. 

Project Cost: Not disclosed
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K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-SIB) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mint near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel 
process, low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at 
a 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 Beloit 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. Coat, 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 process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base 
to proceed with design 

of commercial plants in the 2,000 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM underwent performance testing, demonstration runs. In 1986 the 
first phase of a Reliability, Availability, and Maintainability Program, (RAM I) was launched. This nroam is continuin g with 
utility and DOE financial su pport. The more significant accomplishments to date are: (a) high-sulfur Illinois coat has been 
successfully gasified; (b) an Illinois Power Company boiler has been successfully fired from KCM-genented gas; (c) carbon con- 
version efficiencies exceeding 90 percent have been achieved; (d) an avenge of 90 percent total sulfur removal has been 
accomplished; (e) a wide range of performance, reliability, availability and maintainability improvements has been designed, in-
stalled, commissioned; (f) excellent winter startup and cold weather operating experience under RAM I has been gained for com-
mercial design use. 

Total fundings for the program through RAM IIB is shown below 
Electrical Utility $46.0 million 
State of Illinois 35.8 million 
Allis-Chalmers 114.4 million 
United States Department of Energy 17.7 million 
EPRI (testing only) 5.8 million

Total	 $219.7 million
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KOl-ILE IRON REDUCTION PROCESS DEMONSTRATION PROJECT' - Weirton Steel Corporation and United States 
Department of Energy (C-543) 

This project will involve a demonstration of the Kohle Reduction process which was developed by Korf Engineering (a Federal 
Republic of Germany company). The process replaces the two-step coke oven/blast furnace approach to producing pig iron from 
iron ore and metallurgical coal with an integrated two component oxygen-blown 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 Kettle 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 Fularji in northeast China. (See the Fulaiji Low-BTU Gasifier project). 

Project Cost: Not disclosed 

LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy ((>550) 

Air Products is testing a $ tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored 
by the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the 
process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. 
The oil acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more 
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. 
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COMMERCIAL AND R&D PROJECTS (Continued) 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the 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 torts of methanol (50,000 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 I day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent operability with 100 percent 
on-stream reliability, but catalyst activity maintenance was somewhat lower than laboratory predictions. 

Additional laboratory research is currently underway, while operation of the unit is expected to begin again in 1988. 

The next step is scale-up to a larger unit. 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 

LFC COAL LIQUEFACTION/COGENERATION PIAWF - SO! International (C-557) 

501 International is developing a 35 megawatt electric cogeneration and coal liquids production facility to be located near 
Colstrip, Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed by SCI International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, 501's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-an 
technology. Compared with other coat conversion processes where high temperatures and pressures are required, the Lit 
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. 
501 has obtained a long-term (35 year) power sales agreement with Montana Power Company. The estimated project cost is 
$72.5 million. SCM international is currently working to obtain a contractor to perform the design and construction of the LEC 
Cogeneration Plant. Site work is scheduled to commence in the spring of 1988 with the entire facility complete by late-1989. 
Once in full operation, the facility will employ a staff of 35 1040. 

Project Cost: See above 

LIBLAZ COAL-TO-METHANOL PROJECT - Krupp Koppers and KOPEX (C-568) 

Erection of a coal gasification project in Poland is to resume in 1988. The plant is to be built by Krupp Koppers at Libiax 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 1 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 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

KHD 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
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COMMERCIAL AND R&D PROJECTS (Continued) 

LU NAN AMMONIA-FROM-COAL PROJECT - China National Technical Import Corporation (C-587) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September. 1989, the 
Lu Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of 
Energy (C-622) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing 1 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 HYDROLIQUEFACI1ON PROJECT - BP United Kingdom Ltd. and Monash University (0665) 

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. 

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 Monash studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed 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 1 to 2 liters per hour 
of coal slurry using tetralin as the vehicle solvent in the presence of hydrogen gas. This unit is providing data on the effects of 
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COMMERCIAL AND R&D PROJECTS (Continued) 

temperature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable 
quantities of products for further studies. Coupling of the two reactors in series has been achieved and conversion studies began 
in coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Ford, Bacon & Davis; Mountain Fuel Resources, Inc.; United States 
Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high temperature, 
oxygen blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 2,800 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. NSI 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 $2830 per barrel for product oil and $1.25 per million BTU for 
coal/char. 

Tests using the Navajo coal were conducted in a modified synthane PDU operating at hydrocarbonization conditions at DOE's 
Pittsburgh Energy Technology Center during January 1985. ETCO is seeking additional equity partners for the project. 

Project Cost: $770 million 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-754) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals 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 are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank.
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COMMERCIAL AND R&D PROJECTS (Continued) 

The Investment Bank and Johnson are equal partners in a new company, Nynas Kombinate AB, which will own 50 percent of 
NEX. AGA, whose stake in NEX will be 50 percent, will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

OHIO-I COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project 
to produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to 
produce 300,000 gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. 
Production of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This 
plant will use high grade sulfur coal from existing mines in the area. 
The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw synthesis gas. The 
gas is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler 
feed water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the 
gasifier to improve the carbon conversion efficiency. Carbon conversions of approximately %+ 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-798) 

Krupp Koppers, of Essen, West Germany (in United States known under the name of GKT Gesellschaft fuer Kohle-Technologic) 
are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRENFLO process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (1(T) entrained flow gasifier. 

In 1973, XX started experiments using a pilot 1(1' 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 KT 
process. A demonstration plant with a throughput of 150 tons per day bituminous coal and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the 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 

RHEINBRAUN HIGH-TEMPERATURE WThIXLER 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.
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The plant was started up in early 1986. In several processing periods quite good efficiency data corresponding to the results of 
the HTW 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 

RI-1EINDRAUN HYDROGASIFICATION OF COAL TO SNG - Rj,einische Braunkohlenwerke AG, Lurgi 0mW-I, 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 Krnftstoff at Wessel-
in& 

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 day's. 

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 SNO 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, 
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. 

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 No and Three plants, at Secunda - 

situated on the Eastern Higliveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasot One, which sewed as their prototype. Enor- 
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is 80, tons, of 
oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen are by far the largest 
in the world.
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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 Symbol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions. 

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 $19 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) (C422) 

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 $730,000 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. Financeabiity options are being discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to any 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 (C425) 

Scrubgrnss Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GKT 
entrained-flow coal gasification, IC methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration. 

Scrubgrass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at 
the same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. 
The plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project cats, including start-up, commissioning, engineering, procurement, and construction, and financing 
cats, 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.) (0840) 

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 
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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 horns. 

A 150 tons per day prototype plant has been operating at the German Shell Hambrng/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of 
coal in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell 
process is continuing through active pursuit at other Shell facilities. 

Shell Oil Company, The Electric Power Research Institute, and Lummus Crest, Inc., recently announced plans to build a 
demonstration unit for making medium-BTU gas, using the Shell Coal Gasification Process. Engineering was done by Lummus 
Crest's Bloomfield Division to incorporate all the advanced features of the Shell process and will be located at Shell's Deer Parkt 
Manufacturing Complex. Lummus Crest, Inc., is a subsidiary of Combustion Engineering, Inc. Shell Development Company, a 
division of Shell Oil, will operate the facility. 

The facility's gasifier will 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 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-850) 

The British Gas Corporation (I)GC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. (This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated since that date on a wide 
range of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tion of fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine 
coal through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinc-
tion. The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular ftit. 
Gasification is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out 
successfully. 

A new phase started in November 1984, is the demonstration of a 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 SNG. It is also planned to carry out a number of tests for EPRI and the 
Gas Research Institute. Integrated combined cycle tests will be carried out with an 8K 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-Koppers. Heads of Agreement 
have been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun HTW 
gasifier and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes 
of coal were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985. Testing Bow-
mans coal in the 40 ton per day Rheinbraun pilot plant at Frechen-Wachtberg, ERG has been completed and final reports on the 
tests are due by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 73 million
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SYmIIESEGASANIAGE RUHR (SAR) - Ruhrkohle Oel and Gas 0mM-I Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco process, which has been in operation 
from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximately 120,000 tons of German hard coal have been gasified u p to October. 1987 to 
Produce 330 million cubic meters of synthesis cas and 40 million cubic meters of hydrogen. The investment is subsidized by the 
Federal Minister of Economics of the Federal Republic of Germany. The Minister of Economics, Small Business and Technology 
of the State of North-Rhine Westphalia participates in the coal costs. 

Project Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-890) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at Texaco's facility in 
Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing more than 
20 tons per day coal, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. The 
facilities include coal grinding, slurry preparation, and gas scrubbing units which are capable of producing a clean syngas product 
in continuous operation. This pilot plant has processed a wide variety of coals and has provided design information for a number 
of commercial projects in operation and under construction. In addition, pilot plant operations are conducted to improve and 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 (AEP), 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 PFBC 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 by AEP and its partners. The schedule calls for having 
the plant start operation in late 1989 and run for a demonstration period of live 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 thy, 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 (lows 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 

SYWI'I-lBTIC FUELS REPORT, DECEMBER 1987 
4-83



STATUS OF COAL PROJECTS (Underline denotes changes since September 1987) 

COMMERCIAL AND R&D PROJECTS (Continued) 

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) coat pyrolysis system, 
named the TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado. The TOSCOAL 
Process is an adaptation of the TOSCO II oil shale retorting process to coal carbonization. The process products 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 
daily barrel of product from the TOSCOAL Process is substantially less. 

Project Cost: Undetermined 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

The TWA 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 TWA. 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 TWA'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. ((>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.
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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 University's boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus heating plant. 

Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. Cooperative 
agreement with Department of Energy ended August 1982. Plant operation now entirely funded by University of Minnesota. 

Project Cost: $6,401,557.* DOE share $2,818,940.00 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 

BCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho lwai, Idemitsu Kosan, and Asia Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). NBCL is entrusted with implementation of the entire program, and BCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. Both sections are now operating. The pilot plant is planned to operate until September. 1989. 

The aim of the pilot plant is to provide data on the BCL Process developed since 1971 by members of the consortium. Tentative 
plans call for construction beginning near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant. 

The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engintering 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 99.85 percent purity chemical 
grade methanol, 100,000 metric tons per year of acetic anhydride, and 50,000 metric tons per year of cellulose acetate. The project 
will be constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program (TDP), International Development Cooperation Agency. 

Project Cost: Not disclosed
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UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BRAZIL - Companhia Auxiliar de Empresas Electricas Brasileiras and United States 
Department of Energy (C-1002) 

On January 21, 1985 the United States and Brazil signed a bilateral agreement to jointly study underground coal gasification 
(UCO). 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 coal deposits in Rio Grande do Sul. The program will consist of three phases of work: (1) 
coal and site characterization; (2) test design and feasibility studies; and, (3) test operations and evaluation. 
During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian coals, technical 
experts on site, site characterization methods and tools, and data evaluation to develop a preliminary process design. CAEEB will 
provide needed data to DOE and will be responsible for actual site characterization studies and field tasks such as drilling and 
seismic studies. 

During the test design and feasibility study phase (Phase 2), DOE will provide information and technical experts to assist in the 
preparation of the preliminary design of an actual field test. During this second phase CAEEB agrees to be in charge of the 
preliminary feasibility test program, and for all subcontracting. 

In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB during the 
operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and software and related 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 five 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 In Gazeification Souterraine (GEGS) con- 
sisting of Chait'onnages 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 France 
and in west European countries, the coal reserves of this type are rather large. In France, they are estimated at about 2 billion 
tons. The process investigated involves in situ gasification with oxygen to obtain a high BTU gas by further enrichment above 
ground. Because at great depth the coal permeability to gas is very low, the process requires a first step of creating a 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. 
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Project Cost (1979-1985): 	 Approximately $28 million 
Proposed Project Cost (1986-1988): 	 Approximately $10 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, France, Netherland, Belgium, and West Germany concluded that the depth of 
the coal—approximately LQ feet—may cause some challenees, but have aereed with the strategy adopted by India for detailed 

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. 
geolozica[androplrysical studies have been completed. Detailed 3-D seismic work has been done. A 
drilled for more data gathering before actual easification in 1989-90 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic Com-
munity, and Federal Republic of Germany (C-I 150) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has 
grown since 1976, when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area 
where the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 
800 meter level. Work began in 1979 and is planned to continue into 1987. 

The first reverse combustion experiment was executed from April to October 1982 without the formation of a linking channel. 
The test had to be halted due to self-ignition of the coal, after 33 days. In November 1982 the fire was extinguished by injection 
of water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but 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 
50 cubic meters per hour carbon dioxide under 250 bar and keeping a backpressure of 100 bar at the outlet. 

During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 12 days. A 
careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence that a channel had been 
started. The experiment has been stopped, while intensive work is devoted to solving the corrosion problems (the tubing has to 
withstand both cold and hot corrosion), and to preparing a trial with strongly deviated drillings, starting from the existing wells. 

This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has been drilled 
from Well I in the direction of Well II, and a flexible liner has been set inside this drainhole. However, the azimuth control was 
poor. It is planned to drill a sidetrack from Well II and to link it with the drainhole in early 1986; this delay is due to the long 
delivery time of the special, corrosion resisting material to be set inside Well 11. 

In December 1985 and January 1986, a sidetracked hole was drilled from the level 670 of Well II and crossed the scam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in 
the injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. 
The preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 
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After preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took 
place on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the 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: fi rst, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/oxygen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed air as the gasifying medium. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and predecessor organizations. 
Tests that have been conducted include three underground coal gasification tests at the Hoe Creek site near Gillette, Wyoming; 
five small field tests ('Large Block Tests') at an exposed coal face in the WIDCO coal mine near Ccntralia, Washington; and a 
larger test at the same location (the 'Partial Seam CRIP Test'). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Hoe Creek No. 1, 
was conducted during FY1976-1977, to test the concept. A second experiment, carried out during FY1977-1978, Hoe Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 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 wells. The test ran for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an avenge 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-D 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 FYI983-1984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to test the 
Controlled Retracting Injection Point (CRIP) concept in a coal seam with real commercial potential but on a scale small enough 
to allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 foot long well drilled from the 
coal face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for 
the CRIP cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved a relatively high level 
after the CRIP maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even 
though some directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test 
was very encouraging for the future of UCG at the Centralia site. The CRIP concept adds one more degree of control to the 
process in that the avenge 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 Hanna, Wyoming. The test will provide a 
direct comparison of the CRIP method with a vertical injection well method, and will operate long enough to give resource 
recovery data from a multiple cavity burn. Both test modules will utilize directional drilled links and will use horizontal produc-
tion wells. One module will have a CRIP 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 coal 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 FY1996 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. 
Objectives for FY1987 include: 

1. Continue to support the Rocky Mountain 1 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.
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STATUS OF COAL PROJECTS (Underline denotes changes since September 1927) 

Underground Gasification Projects (Continued) 

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 UCO. 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 burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN 1 TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, 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 CR11' 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 CR11' 
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 
scam is ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward 
producing medium-BTU gases. The gases are transported to the surface either through a second horizontal well near the top of 
the seam or through widely spaced vertical wells bored into the coal seam. As sections of the coal scam gasify, a cavity forms and 
ultimately reaches the top of the seam. Then, the ignition device is moved, or "retracted, to a fresh section of coal, and the 
process is repeated. 

A 30 day field test of the 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 foot 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. 

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
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proiect will be located nearby. 

Project Cost: $77 million

STATUS OF COAL PROJECTS (Underline denotes changes since September 1987) 

Underground Gasification Projects (Continued) 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company: a joint venture of 
Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-iWO) 

Spruce Creek is planning a test of underground gasification or anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of-steeply-dipping-beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 

The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, AMMONIA/UREA PROJECT— Energy International, Inc. and United States 
Department of Energy (C-1115) 
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COMPLflED AND SUSPENDED PROJECTS 

Project Sponsors last Appearance in Sfl 
A-C Valley Corporation Project A-C Valley Corporation June 1984; page 4-59 

Acurex-Aerotherm 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 8-23 
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 8-22 
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 Dra-vo 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 Fake Chemicals, Inc. March 1980 page 4-53 
Project 

Catalytic Coal Liquefaction Gulf Research and Development December 1978; page 8-25
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Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 
Central Arkansas Energy Project Arkansas Power & tight Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page 8-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project Ebasco Services, Inc. June 1987; page 4-51 
United States State Department (trade & Development) 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Clark Oil and Refining Corporation December 1982; page 4-85 

Clean Coke Project United States Department of Energy December 1978; page 8-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page 8-26 

Coalex Process Development Coalex Energy December 1978; page 8-26 

COCIAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers

Composite Gasifier Project	 British Gas Corporation	 September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra-	 Conoco Coal Development Company 	 September 1981; page 4-57 
tion Plant Project 	 Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company 
Natural Gas Pipeline Co. of America 
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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

Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 
Fluor Engineers and Constructors 
United States Department of Energy 

Crow Indian Tribe 
United States Department of Energy 

Crow Indian Tribe 
TransWodd 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 
Enon 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

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 
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General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

11-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howmet Aluminum Hownet Aluminum Corporation March 1985, page 4-74 

H-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page B-31 
United States Department of Energy 

1-1YGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities SeMce/Lummus September 1986; page 4-69 

ITF Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 
J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page 8-18 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project E. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. 

Kiockner Coal Gasifier Kiockner Kohlegas March 1987; page 4-74 
CRA (Australia)
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Lake DcSmet SNG from Coal Texaco Inc. December 1982; page 4-98 
Project Transwestcrn Coal Gasification Company 

Latrobe Valley Coal Lique- Rheinischc Braunkohlwerke AG December 1983; page 4-96 
faction Project 

LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Corn- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky. Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United Slates Department of Energy March 1984; page 449 
Project University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coal-to-Methanol Project Mapco Synfuels December 1983; page 4-98 

Mazingarbe Coal Gasification Project Cerchar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979; page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc. 

Memphis Industrial Fuel Gas CBI Industries Inc. June 1984; page 4-79 
Project Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal UGI Corporation March 1978; page B-22 

Methanol from Coal Wentworth Brothers, Inc. March 1980; page 4-58 
(19 utility and industrial sponsors) 

Midrex Electrothermal Direct Georgetown Texas Steel Corporation September 1982; page 4-87 
Reduction Process Midrex Corporation 

Milimerran Coal Liquefaction Australian Coal Corporation March 1985; page 4-82 

Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Amerigas 

Bechtel 
Black, Sivafls & Bryson
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Minnegasco High-BTU Gas 
from Feat 

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 

New Jersey Coal-Water Fuel 
Project 

Nices Project 

North Alabama Coal to Methanol 
Project 

North Dakota Synthetic Fuels 
Project

Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Dravo 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Reserve Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

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 States Department of Energy 

Mobil Oil Company 

Rockwell International 
United States Department of Energy 

CoaLiquid, Inc. 

NASA Lewis Research Center 

Bechtel Power Corporation 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

Ashland Oil, Inc. 
Babcock & Wilcox Company 
Slurrytech, Inc. 

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

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 

March 1985; page 4-86 

December 1983; page 4-104 

March 1985; page 4-86 

December 1983; page 4-106 
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Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light 

Oberhausen Coal Gasification Ruhrchemie AG September 1986; page 4-79 
Project Ruhrkohle Oci & Gas GmbI-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 Hydrogeneration Process Cad A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project PBW Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/Sharon/Klockner Project Kiockner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coal Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department of Energy 

Plasma Arc Torch Swindell-Dresser Company December 1978; page 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 B-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 

RUHR100 Project 	 Ruhrgas AG	 September 1984; page C-29 
Ruhrkohle AG 
Steag AG 
West German Ministry of Research 

and Technology
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Saarbergwerke-Otto Gasification 
Process 

Savannah Coal-Water Fuel Projects 

Sesco Project 

Sharon Steel

Saarbergwerke AG 
Dr. C Otto & Company 
Foster Wheeler Corporation 

Solid Energy Systems Corporation 

Kiockner Kohlegas GmbH 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation

June 1984; page 4-86 

September 1985; page 4-77 

December 1983; page 4-110 

March 1985; page 4-92 

Simplified 10CC Demonstration Project	 General Electric Company 	 September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The HOC 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-llydrogasification General 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 Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page 13-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 8-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 0-36 
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 
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TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coal Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Hoc 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-BTU Gasifier for Commer- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page 8-22 

Westinghouse Advancçd Coal KRW Energy Systems Inc. September 1985; page 4-80
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Proiect	 Sponsors	 Last Appearance in SER 

Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification 

Wyoming Coal Conversion Project 

Zinc Halide Hydrocracking 
Process Development

United Synfuels Inc 

WyCoalGas, Inc. (a Panhandle Eastern 
Company) 

Conoco Coal Development Company 
Shell Development Company

September 1984; page C-36 

December 1982; page 4-112 

June 1981; page 4-86 
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Organization Proiect Name 

ABC! Ltd. ABC! Ammonia/Methanol Operations 4-62 
Coalplex Project 4-65 

AGA Nynas Energy Chemicals Complex 4-78 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-75 

A. Johnson & Company Nynas Energy Chemicals Complex 4-78 

Allis-Chalmers KILnGAS Project 4-73 

American Electric Power Service Tidd Pressurized Fluidized Bed Demonstration Project 4-83 
Corporation 

Amoco Production Company Underground Coal Gasification Rocky Mountain I Test 4-89 

Asia Oil Victoria Brown Coal Liquefaction Project 4-85 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project .	 445 

Bechtel Inc. Cool Water Coal Gasification Project 4-66 
Belgium, Government of Underground Coal Gasification, Joint Belgo-German Project 447 

BP United Kingdom, Ltd. Monash Hydroliquefaction Project 4-77 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-90 

British Coal British Coal Liquid Solvent Extraction Project 4-64 
British Coal Low-BTU Gasification Project 4-64 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-64 
British Coal Low-BTU Gasification Project 4-64 

British Gas Corporation Slagging Gasifier Project 442 

Broken Hill Pty. Broken Hill Project 4-64 

Brookhaven National Laboratory flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4-69 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-85 

Bureau de Recherches Geologiques Underground Coal Gasification of Deep Seams 4-86 
et Minieres - 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-72 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-65 

Central Illinois Light Co., Inc. KILnGAS Project 4-74 

Cbarbonnages de France Underground Coal Gasification of Deep Seams	 - 4-86 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-75
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Com pany or Organization Project Name 

China National Technical Import Lu Nan Ammonia-from-Coal Project 4-77 
Corporation 

Coal Gasification COOA-I Project 4-66 

Coal Tech Corporation Cyclone Combustor Demonstration Project 4-67 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4-86 
Electricas Brasilciras 

Continental Energy Associates Can-Do Project 4-65 

Deutsche Babcock AG Huenxe COT Coal Gasification Pilot Plant 4-72 

DEVCO Scotia Coal Synfuels Project 4-81 

Dow Chemical Dow Syngas Project 4-67 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-62 
Cool Water Coal Gasification Project 4-66 
KILnOAS Project 4-74 
Laporte Liquid Phase Methanol Synthesis 4-75 
Underground Coal Gasification Rocky Mountain 1 Test 4-89 

Elgin Butler Brick Company National Synfuels Project 4-78 

Empire State Electric Energy Cool Water Coal Gasification Project 	 - 4-66 
Research Corporation (ESEERCO) Simplified 10CC Demonstration Project 4-71 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-79 

Energy Brothers Inc. K-Fuel Commercial Facility 	 - 4-74 

Energy International -	 Underground Coal Gasification, Steeply Dipping Bed 4-90 
Demonstration Plant 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-78 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 	 - 487 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4-75 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-78 

Gas Research Institute Underground Coal Gasification Rocky Mountain 1 Test 4-89 

Gaz de France Underground Coal Gasification of Deep Seams 4-86 

Gelsenberg AG Hue= COT Coal GAsification Pilot Plant 4-72 

General Electric Company Cool Water Coal Gasification Project 4-66 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-90 

Gesellschaft fur Kohle-Technologic PRENFLO Gasification Pilot Plant 4-79 

GFK Gesellschaft fur Kohleverfiussigung GFK Direct Liquefaction Project 4-71 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-81 

Oilman Company Underground Gasification of Anthracite, Spruce Creek 4-90
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Company or Organization Project Name 

Group d'Etudes de la Gazeification Underground Coal Gasification of Deep Scams 4-86 
Souterraine (GEGS) 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-81 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-79 

HRI Inc. Ebullated Bed Coal/Oil Co-Processing Prototype 4-57 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-85 

Illinois Power & Light Company KILnGAS Project 4-74 

Illinois, State of KILnGAS Project 4-74 

Institut Francais du Petrole Underground Coal Gasification of Deep Scams 4-86 

Iowa Power & Light Company KILnGAS Project 4-74 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-85 

Japan cool Water Program Cool Water Gasification Project 4-66 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-63 
Fulati Low BTU Gasifier 4-69 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-75 

System for Electric Power Generation 

1(1-iD Industries Lulea Molten Iron Pilot Plant 4-76 

KILnGAS R&D, Inc. KILnGAS Project 4-74 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-85 

Koper Libiaz Coal-to-Methanol Project 4-76 

Krupp Koppers GmbH LAbiaz Coal-to-Methanol Project 4-76 
PRENFLO Gasification Pilot Plant 4-79 

KRW Energy Systems Inc. Appalachian Project 4-63 
Fulaiji Low ff11) Gasifier 4-69 
KRW Energy Systems Inc. lAdvanced Coal Gasification 4-75 

System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - LLNL Studies 4-88 

Lurgi Kohle & Mineraloltechnik, GmbH Rheinbraun flydrogasification of Coal to SNG 4-S0 

Manfred Nemitz Industrieverwaltung Huenxe CGT Gasification Pilot Plant 4-72 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-63 

Ministry of Machine Building Industry Fulaiji Low BTU Gasifier 4-69 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-85 

Monash University Monash 1-lydroliquefaction Project 4-77 

Monongahela Power Company KILnGAS Project 4-74 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4-78 

National Synfuels Inc. National Synfuels Project 4-78 

New Energy Development Organization Japanese Bituminous Coal Liquefaction Project 4-73
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Company or Organization Project Name 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-85 

Nissho lwai Victoria Brown Coal Liquefaction Project 445 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4-72 

Nokota Company Dunn Nokota Methanol Project 4-68 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant. 4-63 
Synthesegasanlage Ruhr (SAR) 4-83 

NOVA Scotia Coal Synfuels Project 4-81 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4-81 

Ohio Coal Development Office Ebullated Bed Coat/Oil Co-Processing Prototype 4-68 
Tidd Pressurized Fluidized Bed Demonstration Project 4-83 

Ohio Edison Company KILnOAS Project 4-74 

Ohio Ontario Clean Fuels Inc. Ebullatcd Bed Coal/Oil Co-Processing Prototype 4-68 

Ohio Power Company Tidd Pressurized Fluidized Bed Demonstration Project 4-83 

Oil & Natural Gas Commission Underground Coal Gasification India 4-87 

Pennsylvania Electric Company Appalachian Project 4-63 

Pennsylvania Energy Development Cyclone Combustor Demonstration Project 4-67 
Authority, State of 

Pennsylvania Power and Light Company Cyclone Combustor Demonstration Project 4-67 

Petro-Canada Scotia Coal Synfuels Project 4-81 

Polish Government Libiaz Coal-to-Methanol Project 4-76 

Potomac Edison Company KILnGAS Project 444 

Rheinische Braunkohlwerke Rheinbraun Hydrogasification of Coat to SNG 4-80 
Rheinbraun High TEmperature Winkler Project 4-79 

Rocky Mountain Energy Company Underground Coal Gasification Rocky Mountain 1 Test 4-89 

Royal Dutch/Shell Group Shell Coal Gasification Project 4-81 

Ruhrkohle AG Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 
Synthesegasanlage Ruhr (SAR) 4-83 

Ruhrchemie AG Synthesegasanlage Ruhr (SAR) 4-83 
Saabergwerkc AG GFK Direct Liquefaction Project 4-71 
Sasol Limited Sasol Two and Sasol Three 4-80 

Scrubgrass Associates Scnibgrass Project 4-81 

SGI International LFC Coal Liquefaction/Cogeneration Plant 4-76 

Shanghai Coking & Chemical Corporation Wujing Trigeneration Project 4-85 

Shell Oil Company Shell Coal Gasification Project 4-81 

Sohio Alternate Energy Development Cool Water Coal Gasification Project 4-66 
Company 

South Australia, Government of South Australian Coal Gasification Project 4-82 
Underground Coal Gasification, Leigh Creek 4-89
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Company or Organization Proiect Name 

Southern California Edison Cool Water Coal Gasification Project 4-66 
Cyclone Combustor Demonstration Project 4-67 

Spruce Creek Energy Company Underground Gasification of Anthracite, Spruce Creek 4-90 

Stearns Catalytic Inc. Ebuflated Bed Coal/Oil Co-Processing Prototype 4-68 
Underground Gasification, Steeply Dipping Bed 4-90 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4-76 

Swedish Investment Bank Nynas Energy Chemicals Company 4-78 

Tennessee Eastman Company Chemicals From Coal 4.3 

Texaco Inc. Cool Water Coal Gasification Project 4-66 
Texaco Coal Gasification Process 4-83 

Tosco Corporation TOSCOAL Process Development 4-84 

TVA TVA Ammonia-From-Coal Project 4-84 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 4-84 

Uhdc GmbH Rheinbraun High Temperature Winkler Project 4-79 

Union Electric Company KILnGAS 4-74 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-73 

University of Minnesota University of Minnesota Low-BTU GAsifier for Commercial Use 4-85 

University of North Dakota Gasification Environmental Studies 4-70 

United Coal Company Mild Gasification Process Demonstration Unit 4-77 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-62 
Appalachian Project 4-63 
Cyclone Combustor Demonstration Project 4-67 
Ebullated Bed Coal/Oil Co-Processing Prototype 4-68 
Flash Pyrolysis of Coal with Reactive and Non-Reactive GAses 4-69 
Great Plains Gasification Project 4-71 
KILnGAS Project 4-74 
Kohle from Reduction Process Demonstration Project 4-75 
KRW Advanced Coal Gasification System for 4-75 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-75 
Mild Gasification Process Demonstration Unit 4-77 
Mountain Fuel Coal Gasification Process 4-78 
Tidd Pressurized Fluidized Bed Demonstration Project 4-83 
University of Minnesota Low-BTU Gasifier for 4-85 

Commercial Use 
Underground Coal Gasification Rocky Mountain 1 Test 4-89 
Underground Coal Gasification, Ammonia/Urea Project 4-90 
Underground Coal Gasification, Brazil Project 4-86 

Veba Gel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-85 

Weirton Steel Corporation Kohle Iron Reduction Process Demonstration Project 4-75 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-79 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-87 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 
Research & TEchnology GFK Direct Liquefaction Project 4-71
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Company or Organization	 Project Name 

PRENFLO Gasification Pilot Plant 4-79 
Rheinbraun High TEmperature Winkler Project 4-79 
Rheinbraun Hydrogasification of Coal To SNG 4-80 

West Penn Power Company	 KILIIGAS Project 4-74 

Westinghouse Electric 	 Appalachian Project 43 
KRW Advanced Coal Gasification System for Electric 4-75 

Power Generation
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