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HIGHLIGHTS 

SFC Makes Award and Signs Letters of Intent 

On June 30, 1983 the SFC announced its intent to award up to $120 million in 
price guarantees to the Cool Water coal gasification project. The SFC 
previously signed two letters of intent, one for the Cool Water project and a 
second to provide up to $49.8 million in loan guarantees for the Calsyn project. 
The terms of the Cool Water agreement are described on page 4-12 and the 
Calsyn project terms are summarized on page 3-4. 

SFC Advances More Projects to Phase U Negotiations 

Nine additional projects from the third solicitation were advanced into Phase II 
negotiations at two recent meetings of the SFC Board of Directors on April 13 
and May 26, 1983. These nine projects are Memphis, Northern Peat, Keystone, 
Chaparrosa Ranch, Forest Hill, Paraho-Ute, Sunnyside, World Energy, and 
Kentucky Tar Sand. Five other projects had been previously advanced into 
Phase II of the third solicitation. Additionally, two projects from the second 
solicitation were transferred to the third and four others were previously 
advanced into Phase II of the second solicitation. Brief descriptions of these 
projects are presented in the article beginning on page 1-3. 

Direct SFC Negotiations with Projects is Approved 

On June 30, 1983 the Board of Directors of the SFC decided that the Chairman 
would be allowed to negotiate with project sponsors without utilizing solicita-
tions. As described on page 1-9, this new system may provide another, possibly 
more effective method of awarding assistance to synthetic fuels projects. The 
SFC will decide in September 1983 if the new system is needed. 

SFC Targeted Solicitations are Described 

To date the SFC has issued three targeted solicitations. As described on 
page 2-5, the oil shale, targeted solicitation ended in disappointment with 
rejection of the only competitive bid that was submitted. However, the SFC 
has decided to continue to utilize competitive targeted solicitations. See 
page 4-12 for a description of the targeted solicitations for coal projects. 

Pace Outlook for Natural Gas, Crude Oil, and Refined Products 

The economics of synthetic fuels projects are inextricably linked to future costs 
of natural gas, crude oil, and the products derived from them. This article, 
which begins on page 1-12, discusses oil and gas pricing in the United States and 
projects future costs of selected products. The latest edition of "The Pace 
Energy and Petrochemical Outlook to 2000," our multi-client world energy 
forecast. 

Impact of Federal Supports Forecast for Parachute Creek and Great Plains 

Based on Pace's long-term energy price forecasts, the Union Oil Parachute 
Creek project is predicted to receive nearly $200 million in price supports from 
DOE through 1990. The Great Plains project will also benefit from federal 
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support in the form of a paid formula approved by FERC for sale of product gas 
to pipeine companies. Based on Pace's forecasts for the various elements of the 
price formula for the period 1985 to 2000, Pace predicts the price will rise from 
$7.06 to $10.95 per millin BTU over this interval. For more details of these 
forecasts see the article beginning on page 1-23. 

Wolf Lake Oil Sands Project to be Built 

Primarily due to tax and royalty concessions by the Canadian federal govern-
ment and the Alberta provincial government, the Wolf Lake oil sands project 
will be constructed. The commercial project will product 7,000 barrels per day 
by an in situ recovery process. See page 3-2 for further details of the project. 

SEC Explains its Philosophy Regarding Oil Sands 

In a recent speech summarized on page 3-5, an SFC official explained that the 
believes coal and oil shale will provide the long-term production of synthetic 
fuels that is required for improved national security. Oil sands and heavy oil 
projects are perceived to provide short-term production that can be used to 
respond to an energy emergency. 

LEA Evaluates Coal Liquefaction 

The International Energy Agency (TEA) recently published the results of a study 
of coal liquefaction. The present status of coal liquefaction is assessed and the 
policy, economic, technical, and institutional barriers are identified. As 
explained in the article beginning on page 4-16, the lEA found that coal 
liquefaction offers the greatest long-term potential for the production of 
synthetic fuels, but that financial assistance from governments is needed and 
justified. 

API - AIChE Review Synfuels 

The American Petroleum Institute (API) has recently approved a "position 
statement" backing the SFC program. The American Institute of Chemical 
Engineers (AIChE)has formed a task force to review the status of synfuels 
activity in the United States. For a summary of the recommendations and 
conclusions of the two groups see the article on page 1-10. 

Energy and Economic Cycles 

Energy may have a lot to do with the cyclic nature of the world economy. In 
fact, the next upturn may also be energy related. This hypothesis is reviewed in 
an article on page 1-25. 

SEC Environmental Monitoring Plan Guidelines Draft Issued 

As described on page 1-36, the SFC issued a draft of the Interim Environmental 
Monitoring Plan guidelines in March. The working draft details the approach to 
implementing the environmental monitoring requirements of Section 131(e) of 
the Energy Security Act. The draft generated numerous comments from 
various interest groups.
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Simplifications of Procedural Requirements of Air Quality Regulations Needed 

A recent study has concluded that the regulatory system to prevent serious air 
quality problems from energy development is in place. Further work is 
necessary, however, to simplify the procedural requirements of the regulations. 
The article, on page 1-36, discusses the various scenarios of energy develop-
ment and presents alternatives to the current regulatory maze. 

Uinta Basin Final EIS 

The Final EIS for synfuel development in the Uinta Basin of Utah was made 
available to the public on February 16, 1983. The EIS analyzes the cumulative 
impacts of the development of nine different synthetic fuel projects (3 tar sand 
projects and 6 oil shale projects). High level of production from the nine 
projects is estimated to be over 319,000 barrels per stream day. A summary of 
the Final US begins on page 1-39 of this issue. 

Utah Oil Shale and Tar Sand Development Assessed 

A report, "An Assessment of Oil Shale and Tar Sands Development in the State 
of Utah—Phase 2" is described beginning on page 1-20. The report was 
prepared by the Utah energy Office and funded by the United States Depart-
ment of Energy. The report lists twelve proposed synthetic fuels projects and 
shows the locations. Constraints affecting synthetic fuels development in Utah 
are identified. 

Utah's Project BOLD 

The state of Utah is reviewing a proposal that could consolidate over 2 million 
acres of scattered state land into 28 blocks through an exchange for federally 
owned land. The propsal known as "Project BOLD" is described beginning on 
page 1-48 of this issue. 

Water Management in the Synthetic Fuel Industry 

Water management, including sources and uses of water within synthetic fuel 
plants, was discussed in a paper presented at a recent conference. The paper, 
summarized on page 1-41, is an overview of water management aimed at 
energy planners. 

Demand for Catalyst Metals is Evaluated 

A recent study investigating use of catalyst metals in synfuels processing 
industry notes that imports of these metals will increase as the industry grows. 
An increased incentive for reclamation will result. Details of the study can be 
found on page 1-32. 

Hydrogen Use in Synfuels Refining 

A recent paper presented by Chevron compares hydrogen usage in refining a 
number of coal synfuels, retort oil derived from Colorado oil shale, and Middle 
East vacuum gas oils. The data are given and discussed in an article beginning 
on page 1-27.
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Synfuels Research in Japan 

The Research Association for Petroleum Alternatives Development (RAPAD), 
established in Japan in May 1980, is actively engaged in research and develop-
ment of technology to provide alternative energy products. A review of the 
group's activities is presented on page 1-35. 

DOE Research Centers Are Transferred 

Two research centers previously operated by the United States Department of 
Energy (DOE) have been transferred to private control. As described on 
page 1-2, the Laramie Energy Technology Center has been transferred to the 
University of Wyoming. Similarly, the transfer of the Grand Forks Energy 
Technology Center to the University of North Dakota is described on page 4-10. 

Commercial Development of Petrosix 

The Petrosix process for retorting oil shale has been under development for 
many years. Based upon successful operation of a demonstration plant, a 
50,000 barrels per day commercial plant was proposed. The plant is described 
in an article beginning on page 2-1. 

Allis-Chalmers Retort Described 

The Allis-Chalmers Corporation has conducted numerous tests on both eastern 
and western oil shales. A description of their roller grade process and results of 
tests on two shales is presented in an article beginning on page 2-9. 

Shale Oil Refining Studies are Described 

A series of papers were recently presented that describe various studies of oil 
shale refining options. Three papers in the series were summarized in the last 
issue and the final three are summarized in this issue beginning on page 2-14. 

Hydrogen Recovery Using Semi-Permeable Membranes 

Semi-permeable membranes appear to offer advantages over cryogenic separa-
tion both in terms of operating and capital cost, according to IGT and 
Monsanto. Results of the study are presented in an article beginning on 
page 2-7. 

Oil Shale Beneficiation Study 

The results of a study by the Mineral Resources Institute (MRI) at the 
University of Alabama has demonstrated the technical feasibility of upgrading 
both Eastern and Western oil shale. MRI's upgrading process involved the 
grinding and flotation of oil shale to produce a kerogen concentrate. Total 
recovery of the kerogen in the concentrates was about 80 to nearly 100 percent 
of the kerogen in the raw oil shale prior to beneficiation. A summary of the 
paper describing the study begins on page 2-28 of this issue. 
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Additional Testing of Oil Shale Mining Hazards Underway 

The Oil Shale Committee of the Colorado Mining Association is funding testing 
of the fire and explosion hazards of oil shale mining. A six-part program is 
envisioned for the testing. The current status of the testing is described in the 
article beginning on page 2-31. 

China Works to Improve Fushun Retort 

The Fushun oil shale retort has been in operation since 1930. Since 1951 many 
improvements have been made to the retort. Two recent papers describe the 
history of development of the Fushun and Maoming technologies into a more 
efficient three-zone retort. An article on page 2-43 summarizes the results 
given by both papers. 

USSR Oil Shale Activities Are Described 

The Soviet Union currently retorts over six million tons per year of oil shale to 
produce shale oil and gas. The feedstock is primarily Rukersite from Estoria 
and Leningrad districts. An article on page 2-45 summarizes current use of 
Riveter Process for retorting oil shale. 

Colorado Completes Assessment of Cumulative Environmental Impacts 

The final report, "Assessment of the Cumulative Environmental Impacts of 
Energy Development in Northwestern Colorado" has been released by the 
Colorado Department of Health. It specifically examines the impacts resulting 
from several levels of oil shale development. The major conclusions of the 
study are summarized on page 2-46. 

Study of Retort Emissions Available 

The Environmental Protection Agency has completed a study which charact-
erizes control technology for hydrogen sulfide emissions from retort off-gases. 
The article on page 2-51 summarizes EPA's findings. 

Water Sales from Ruedi Reservoir are Planned 

An Environmental Assessment (EA) was released on March 1983 discussing 
impacts from proposed water sales Ruedi Reservoir in Colorado. This is the 
initial phase of drafting the supplemental EIS prior to actual sales of water 
rights to industrial (primarily oil shale projects), municipal, and domestic users. 
A key finding was that 93,000 acre-feet of water use has been requested, but 
Ruedi Reservoir has a market yield of only 70,000 acre-feet. The EA is 
discussed starting on page 2-58. 

Draft HIS Issued for Clear Creek Shale Oil Project 

The Draft EIS for the Clear Creek Shale Oil Project proposed by Chevron and 
Conoco was issued in February 1983. The BLM recommends an alternative 
project configuration that is about the same as the proposed configuration, but 
will result in a higher economic benefits to the surrounding communities. The 
EIS is discussed starting on page 2-49.
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Recent Actions Involving Oil Shale Leasing are Described 

On June 21, 1983 the BLM announced it was reopening the comment period on 
its proposed procedures for oil shale leasing until August 22. Previously, BLM 
also announced it was requesting expressions of interest for leasing federal oil 
shale in the Piceance Basin Planning Area. Both actions are described in more 
detail in the article beginning on page 2-59. 

Oil Shale Exchange Valuation Method 

An alternate method of valuing oil shale and associated minerals for land 
exchanges has been adopted by the United States Department of the Interior 
(Dot). The alternate method, proposed by the Minerals Management Service, 
would provide for exchanging oil shale lands on a resource-equivalent for 
resource-equivalent basis. The alternate method (described beginning on 
page 2-5) can be used at the discretion of the DOl in place of standard 
procedures for determining "fair market value." 

Wyoming Prospectively Valuable Oil Shale Lands 

The Department of Interior Minerals Management Service classified over 
2.9 million acres in Wyoming as "prospectively valuable oil shale land." The 
lands reviewed for classification were originally withdrawn by Executive 
Order 5327 on April 15, 1930. The classification of the Wyoming lands is 
described beginning on page 2-63 of this issue. 

Eastern Oil Shale Geology and Resources 

Four papers concerning the geology and resources of the eastern black shales 
have been recently published. These four papers are briefly summarized 
beginning on page 2-60. Two of the papers presented new stratigraphic 
correlations of the eastern black shales based on a fossil alga Foerstia. 

Characteristics of Alabama Bituminous Rocks 

The characteristics of deposits of bitumen in Northern Alabama are described 
beginning on page 3-24 of this issue. The deposits are contained in Mississip-
pian age rocks which outcrop along a belt 70 miles long. Estimates of in-place 
resources for these deposits range up to 3.5 billion barrels. 

World Resources of Heavy Oil and Tar Sands 

A paper by R. F. Meyer, et al, describes the world resources of heavy oil, extra 
heavy oil, and bitumen. From the paper, world in-place resources of heavy oil 
and bitumen is approximately 5.0 trillion barrels of which the authors estimate 
that 525 billion barrels is ultimtely recoverable. A summary of the paper 
begins on page 3-17 of this issue. 

BLM Preparing Two Combined Hydrocarbon Leasing EIS's 

As described in the article on page 3-23, the Bureau of Land Management 
(BLM) is preparing an Environmental Impact Statement (EIS) concerning deve-
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lopment of combined hydrocarbon leases in Utah. The draft of the EIS is 
expected to be completed in August 1983. A second EIS is being prepared to 
specifically assess the effects of five lease conversion requests. See page 3-27 
for details of this project-specific EIS. 

Pilot Plant for Testing Tar Sands 

Cresset Corporation and Dravo Engineers are offering a pilot plant testing and 
evaluation service to tar sand owners. A description of the services offered by 
the companies can be found in an article beginning on page 3-3. 

New Concept for In Situ Bitumen Recovery is Explained 

A new concept termed "sand deformation" has been developed by Gulf Canada 
Resources Inc., to describe cyclic steam injection recovery of bitumen. The 
concept has been incorporated into a computer model. As described in the 
article beginning on page 3-8, the model results appear to closely match actual 
well data. 

New Bitumen Analyses are Described 

New studies of the bitumen from Alberta oil sands have greatly increased 
knowledge of the chemical structure and composition of bitumen and may 
provide important clues to improved recovery and upgrading techniques. See 
page 3-13 for details of the study. 

Overburden Handling at Syncrude Canada Ltd. 

The overburden removal operation at Syncrude's huge tar sand operation near 
Fort McMurray, Alberta is summarized beginning on page 3-15 of this issue. 
Overall waste to ore ratio at the Syncrude mine is 0.6 to 1.0. Overburden 
removal is expected to increase from about 26 million cubic yards per year to 
39 million cubic yards per year by 1988. 

Heavy Oil Mining 

A final report on heavy oil mining is described on page 3-6 of this issue. 
Economic analyses provided in the report indicate the open pit mining of heavy 
oil reservoirs with surface extraction may be marginally economic. Under-
ground extractive mining and mine assisted in situ recovery of heavy oil is 
uneconomic without very rapid increases in oil price. 

Turkish Asphaltites Studied 

Although Turkey has essentially no conventional oil and gas reserves, it does 
contain large oil sands deposits. Therefore, to develop this resource a number 
of laboratory experiments have been conducted to examine pyrolysis, solvent 
extraction, and fluidized bed combustion techniques. See page 3-18 for a 
summary of these experiments and a description of an integrated facility to 
process Turkish asphaltites.
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CRIP Test Planned for August 1983 

A Controlled Retracting Injection Point (CRIP) approach has been devised to 
gasify coal underground in successive vertical cavities by reigniting the 
combustion zone with a horizontally retractable burner tip so that all of the 
coal is consumed. Tests funded by the DOE and involving Lawrence Livermore 
National Laboratories, the Washington Irrigation and Development Company, 
Pacific Power & Light, and the State of Washington are due to begin in August, 
as described further in the article on page 4-44. 

Nokota Reports Favorable Economics for Methanol-from-Coal Project 

Nokota issued a letter report to the DOE summarizing favorable economic 
evaluation of the Dunn-Nokota Methanol Project. An article on page 4-1 
summarizes the company's findings. Nokota told DOE that their analysis 
"strongly supports the conclusion that the project is economically and finan-
cially viable" and indicated that SFC support may be sought. 

Progress in Coal Liquids Upgrading 

A series of papers presented at the AIChE meeting in Houston this spring 
addressed technological and economic facets of upgrading coal-derived liquids. 
Comparisons with petroleum liquids, results of hydroprocessing steps, various 
technical considerations, and equipments and operating costs were presented. 
The article on page 4-34 summarizes five papers which taken together present 
encouraging developments for coal-based processes. 

South Africans Report on Coal-Based Chemical Production 

Faced with oil and natural gas supply constraints, AECI in South Africa has 
successfully turned to coal to manufacture methanol and PVC and is pursuing 
both technological improvements and new product applications for its coal-
derived products. The article on page 4-2 summarizes papers describing recent 
commercial-scale plant experience and development work at AECI. 

Potential Improvements in Sasol Technology 

A recent study by the MITRE Corporation concludes that the combination of 
improved gasification and liquefaction systems offer significant advantages in 
output, product cost, construction cost, and thermal efficiency compared to the 
technologies presently used at Sasol in South Africa (see page 4-28). 

Coal Gasification in Europe 

Several papers have recently been presented on coal gasification projects in 
Europe. Reviews of several of these papers begin on page 4-50. 

Economic Aspects of Coal Gasification and Liquefaction in Western Europe 

Production of synfuels from coal in Europe is still not competitive with 
products derived from petroleum sources according to a recent paper. Details 
of the paper are reviewed beginning on page 4-19. 
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Brazilians Begin Liquefaction Studies 

Preliminary studies of liquefaction of two Brazilian coals were reported at a 
recent conference. Laboratory scale studies evaluated temperature, pressure, 
particle size, and other variables, as summarized in an article on page 4-57. 

Cogeneration Using Coal Gasification 

Cogeneration using coal gasification was one of several topics discussed in the 
Office of Technology Assessment's recent publication "Industrial and Commer-
cial Cogeneration" reviewed on page 4-48. 

Texas A & M Reports on in Situ Lignite Gasification 

Texas A & M University recently reported on field tests that were conducted to 
demonstrate in situ gasification of Texas lignite. Although test resutis were 
disappointing due to high rates of water influx into the coal seam, the test 
demonstrated the technical viability of the process. The test results and future 
plans are described on page 4-7. 

Hoe Creek Water Quality Experiments Completed 

Scientists from Lawrence Livermore National Laboratory (LLNL) have essen-
tially completed water quality experiments at the Hoe Creek underground coal 
gasification facility near Gillette, Wyoming. LLNL identified 135 compounds 
that have persisted in the local groundwater. Results of the experiments are 
discussed on page 4-65. 

Characterization and Disposal of Coal Gasification Waste Products 

The Gas Research Insitute released a report prepared by TRW Inc. concerning 
disposal of coal gasification wastes. The report, summarized on page 4-58, 
identifies and discusses environmental issues that could delay development of 
coal gasification technologies. 

Peat Production Techniques 

A report prepared under contract to DOE describes the development of 
conceptual designs for the production of peat from Alaska, Florida, and 
Minnesota estimated to contain the equivalent of over 48 billion tons of coal 
(10,000 BTU per pound). Economic evaluations conducted for the novel peat 
production systems suggest that peat can be competitive in such applications as 
bog-mouth power generation. A summary of the report begins on page 4-46. 

North Carolina Peat Policy 

An article, beginning on page 4-14 of this issue, briefly summarizes the 
conclusions of a report prepared by the North Carolina Department of 
Resources and Community Development Peat Mining Task Force. The report 
concludes that peat mining can be permitted in the state under existing 
management framework, existing permit requirements, and stipulations. 
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Federal Coal Leasing Program Criticized 

As described on page 4-69, federal coal leasing policies have been criticized by 
several groups and funding for the program may be suspended. One study 
conducted by the United States General Accounting Office found that federal 
coal leases recently sold in the Powder River Basin may have been undervalued 
by up to $100 million. The study results are described in detail beginning on 
page 4-69. 

DO! Defends Coal Leasing Program 

The United States House of Representatives recently conducted a hearing 
concerning the federal coal leasing program. Many witnesses testified in favor 
and in opposition to the program. Portions of this testimony, particularly that 
of officials of the Department of the Interior (DO!), are summarized beginning 
on page 4-71. 

Bureau of Land Management Issues Draft EIS on San Juan Coal Leasing 

The BLM Issued a draft EIS for competitive leasing of coal reserves in the San 
Juan River Coal Region in November 1982. Five alternative analyses were 
conducted on the environment impacts of competitive leasing. The BLM 
preferred the alternate labelled Target Alternative as the one that would best 
meet the national requirement for coal. The article begins on page 4-60. 

Seven Domestic Coal Supply Models Reviewed 

A recent United States Department of Energy report evaluated seven domestic 
coal supply models. The report focuses on the ability of each model to be 
realistically sensitive to the factors which influence the broad range of coal 
industry conditions affecting the need for long-range research and develop-
ment. The report is reviewed beginning on page 4-74. 

Kuwait Declared to be a Non-Reciprocal Nation 

As explained in the article on page 4-74, the United States Department of the 
Interior has determined that Kuwait is a non-reciprocal nation. The decision 
directly impacts Santa Fe International which is owned by a Kuwait-govern- 
ment-controlled company, Kuwait Petroleum. The effects, if any, of the 
decision on Santa Fe's mineral lease holdings and its involvement in the North 
Alabama Coal Gasification project are as yet undetermined. 
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CORPORATIONS 

ALBERTA RESEARCH COUNCIL 
ISSUES ANNUAL REPORT 

The Alberta Research Council recently issued its annual 
report for the calendar year 1982. The report includes 
brief descriptions of recent achievements in the five 
major research programs which are carried out by 
related activities in several departments. Of these five 
programs, three are directly involved with synthetic 
fuels. These programs encompass research in oil sands, 
coal, and natural resources. Additionally, the informa-
tion centers operated by the Alberta Research Council 
provide a useful service to the synthetic fuels industry. 

The Council is a Crown corporation with a charter to 
promote economic development in the Province of Al-
berta, Canada. Over 500 employees are engaged in 
research at Edmonton, Calgary, Red Deer, Nisku, and 
Lethbridge. The Council conducts research requested 
both by public and private organizations. 

Oil Sands Research 

The Alberta Research Council's oil sands research is 
directed at the estimated 90 percent of the Province's 
deposits that are not amenable to surface mining and 
extraction techniques. During 1982 research by the 
Council advanced the understanding of the geology of 
the Wabasca, Peace River, and Athabasca oil sands 
deposits. These studies indicate that in situ extraction 
processes will likely not be widely applicable because of 
the very diverse geology of the reservoirs. 

The Alberta Research Council completed a three year 
program to develop a computer model of in situ bitu-
men extraction processes. Procedures and equipment 
to study the Cold Lake oil sands deposit were developed 
during 1982. Also a technique to prevent the degrada-
tion of additives by high temperature steam was deve-
loped. 

Several laboratory analytical techniques were deve-
loped during 1982. Development was started on x-ray 
methods to study fluid saturation profiles inside high-
pressure, high temperature equipment. A laser Doppler 
apparatus was developed to quickly and accurately 
measure surface properties of bitumen suspensions. 
Other laboratory studies include determination of ther-
modynamics of high temperature solutions, high tem-
perature and pressure viscosity, and other properties 
for input into mathematical models. 

Development was completed of a new process for bitu-
men upgrading in which a small amount of lime is added 
to the bitumen prior to coking. The lime was found to 
increase yields of liquid products and to bind much of 
the sulfur as gypsum. 

The Council conducted computer model work to study 
the impact of natural gas exports on the Canadian 
economy. Additionally, the Oil Sands Sample Bank

shipped 150 tons of oil sands samples to various labora-
tories throughout the world. The Alberta Research 
Council also established in conjunction with the Alberta 
Oil Sands Technology and Research Authority 

(AOSTRA) a program whereby industry can gain access 
to data from the organizations' joint research via an 
annual subscription. 

Coal Research 

The Alberta Research Council believes that conversion 
of coal to liquids is the most attractive means of using 
coal to meet the demand for energy in the future. 
Therefore, the Council is investigating technologies 
that are the most compatible with Alberta coals. Sev-
eral projects studied the geology of various coal re-
sources in the province. 

Laboratory autoclave tests were conducted on three 
Alberta coals (Battle River, Smoky Tower, and Waba-
mun) at various conditions that simulate five different 
liquefaction processes. The results from these refer-
ence coals will allow various other coals to be rapidly 
and accurately evaluated. Autoclave test data will also 
provide correlations to predict liquefaction behavior of 
Alberta coals. 

In addition to the autoclave tests, the Council has 
started a program to study pyrolysis of Alberta coal. 
Wabamun coal has been tested and other coals are 
slated for further study. 

Natural Resources Research 

Many studies are conducted by the Council in the 
natural resources research program that impact synthe-
tic fuels in Alberta. One project is studying coal mine 
land reclamation and the impact of coal mining on 
water resources. Another study is evaluating the 
impact of in situ oil sands recovery on groundwater 
quality. Deep well disposal of fluid wastes from oil 
sands processes is also under study. 

Other studies in the natural resources program not 
involving synthetic fuels include weather modification, 
land utilization, and earth resources such as minerals, 
natural gas, and uranium. 

Support Programs 

The Alberta Research Council operates six information 
centers that provide information to government, indus-
try, and individuals. Other support programs include 
laboratory analytical services, computer systems ser-
vices, and machine shops. The Council expended appro-
ximately $30 million (Canadian) in 1982 of which

- 
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50 percent was provided by a grant from the Province 
of Alberta, 43 percent was provided by provincial 
government contracts, 5 percent by industry contracts, 
1.5 by federal government contracts, and 0.5 by other 
sources. 

LETC IS TRANSFERRED 

On April 29, 1983 the Laramie Energy Technology 
Center (LETC) ceased to be a part of the United States 
Department of Energy. The center is now a non-profit 
organization chartered by the University of Wyoming. 
Most of the staff at LETC transferred to the new 
organization, which has been named the University of 
Wyoming Research Corporation (UWYRC). Approxi-
mately ten staff members remained with the Depart-
ment of Energy as directors of several projects that 
were administered by LETC. These Department of 
Energy staff members also remained in Laramie, Wyo-
ming. 

LETC was the lead agency for Department of Energy 
oil shale, tar sands, and underground coal gasification 
research. A cooperative agreement was signed with the 
Department of Energy to provide research funds to 
UWYRC until September 30, 1986. Additionally, 
UWYRC will now be able to conduct research for 
organizations other than the federal government. 

Other Department of Energy research centers that have 
been or are to be "dc-federalized" by the Reagan 
administration are the Grand Forks (North Dakota) and 
Bartlesville (Oklahoma) Research Centers.
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GOVERNMENT 

SPC ADVANCES EIGHT PROJECTS, TRANSFERS 
TWO, AND DROPS EIGHT OTHERS 

On April 13, 1983 the United States Synthetic Fuels 
Corporation (SFC) announced it had advanced the Mem-
phis coal gasification project into Phase II negotiations 
for financial assistance under the third solicitation. 
Similarly, on May 26, 1983 the SFC advanced eight 
additional projects; North Alabama (which had been 
transferred from the second to the third solicitation at 
the April 13 meeting), Northern Peat, Keystone, Chap-
arrosa Ranch, Forest Hill, Paraho-Ute, Sunnyside, and 
World Energy. On June 30, 1983 the SFC also 
advanced another third solicitation project, Kentucky 
Tar Sand, into Phase II and transferred a second pro-
ject, Kensyntar, from the second solicitation to the 
third. With the five projects that had been previously 
advanced, these eleven additional projects bring to 
sixteen the number of projects from the third solicita-
tion that have passed the SEC's project strength evalua-
tion. 

Eight projects from the third solicitation were dropped 
from further consideration at the May 26 SFC board 
meeting. These projects are KILnGAS, New England 
Energy Park, Scrubgrass, Enpex Syntaro, Cottonwood 
Wash, Breckinridge, Hampshire, and Iron City which 
was voluntarily withdrawn. Strength evaluations are 
still continuing for two projects: American Syn-Crude 
and Means. These two projects are briefly described in 
Table 1.

From the second solicitation, five projects still remain 
under consideration. Of the five projects, Cool Water 
received financial assistance for the commercial plant 
on June 30, 1983. Three other projects have received 
letters of intent from the SEC. These projects are 
First Colony, Santa Rosa, and Calsyn. The remaining 
project, HOP Kern River, is still negotiating with the 
SFC under the second solicitation. 

Twenty-three projects have received an award or are 
now in some stage of negotiations with the SFC for 
financial assistance. These projects are listed in 
Table 2. Figure 1 graphically depicts the status of all 
projects that applied to the SFC under the first, second, 
and third general solicitations and the targeted solicita-
tion for western oil shale. 

TABLE 1

PROJECTS UNDERGOING STRENGTH REVIEW IN THE THIRD SOLICITATION 

Type of 
Project Name/Location Sponsor(s) Production Assistance Requested 

American Syn-Crude/ American Syn-Crude Corporation 4,160 BPD of -Loan Guarantee and 
Rowan County, Kentucky shale oil Price Guarantee 

Means Oil Shale/ Southern Pacific Petroleum, 13,440 BPD of Loan Guarantee and 
Montgomery County, Central Pacific Minerals upgrade shale oil Price Guarantee
Kentucky
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Keystone/Somerset County, Westinghouse Electric Company, Fluor 	 13,300 BOEI) of 
Pennsylvania	 Engineers, Inc., and Amerigas, Inc.	 medium-BTU gas

Memphis/ Shelby County,	 Mid-South Synfuels Properties comprised 8,600 BOED of 
Tennessee	 of the City of Memphis (Light, Gas and medium-BTU gas; 

Water Division) and Foster Wheeler 5 billion BTUs/ 
Energy Corporation day of SNG

Case 1: 11,700 BPD 
of syncrude 
Case II: 13,500 BPD 
of synerude 

20,000 BPD of 
synerude

Loan Guarantee and 
Price Guarantee 

Loan Guarantee and 
Price Guarantee 

TABLE 2 

PROJECTS THAT HAVE ADVANCED INTO PHASE II NEGOTIATIONS
WITH THE SFC

Type of 
Project Name/Location Sponsor(s)	 Production	 Assistance Requested 

Coal and Peat Projects 

First Colony/ Peat Methanol Associates, a venture 4,600 BPD of Loan Guarantee and 
Creswell, North Carolina of Energy Transition Corporation, methanol Price Guarantee 

Koppers Company, Inc., the Transco 
Companies, Inc., and J.B. Sunderland 

Cool Water/ Southern California Edison Co., a 4,300 BOED of Price Guarantee 
Daggett, California member of the Cool Water Coal Gasi- synthesis gas 

fication program (which also includes (106 MW of power) 
Texaco Inc., Electric Power Research 
Institute, Inc., Bechtel Power Corpora-
tion, General Electric Company, 
ESEERCO and JCWP, a Japanese consortium) 

North Alabama/ The North Alabama Coal Gasification 28,139 BPD of Loan Guarantee and 
Murphy Hill, Alabama Consortium (members to date are methanol Price Guarantee 

Kidder Peabody, Santa Fe International 
(not requesting SPC assistance), Air 
Products and Chemical Company, Ray-
mond International, Houston Natural Gas 
Company and Peabody Coal Company) 

Dowsyn/ Dow Chemical Company 5,172 BOED of Loan Guarantee and 
Near Plaquemine, Louisiana medium BTU gas Price Guarantee 

Northern Peat/ Non- Wheelabrator-Frye Clean Fuel Corp. 960,000 BOEY of Loan Guarantee and 
Coastal Area of Central peat-derived solid Price Guarantee 
Maine fuel (2,910 BOED) 

World Energy, Inc./	 Laramie Resources Partnership (World 
Near Wamsutter, Wyoming Energy, Inc., and Extractive Fuels, Inc.) 

Oil Shale Projects 

Cathedral Bluffs/	 Cathedral Bluffs Shale OR Company (a 
Rio Blanco County,	 partnership between Occidental Oil Shale 
Colorado	 Inc. and Tenneco Shale Oil Company) 

Union Oil Parachute	 Union Oil Company of California 
Creek Shale Program, 
Phase 11/ 
Parachute, Colorado

Loan guarantee and 
Price guarantee 

Loan Guarantee and 
Price Guarantee 

1,100 BOED of
	

Loan Guarantee and 
electric power	 Price Guarantee 
(25 Megawatts); 
175 BOED fight oil 
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Type of 
Project Name/Location Sponsor(s) Production Assistance Requested 

Paraho-Ute/ Paraho Development Corporation with 14,105 BPD of Loan Guarantee and 
Uintah County, Utah sponsorship from a joint venture hydrotreated shale Price Guarantee 

comprised of Wheelabrator Clean Fuel oil from first 
Corporation and Kellogg-Rust Synfuels, module 
Inc., (both Signal companies of Wheel-
abrator-Frye Inc.) and Raymond Kaiser 
Engineers (subsidiary of Raymond 
International); Texas Eastern Corpor-
ation; and Sohio Shale Oil Company 

Seep Ridge! Geokinetics, Inc. and seven limited 1,000 BPD of Loan Guarantee and 
Uintah County, Utah partners shale oil Price Guarantee 

White River! Phillips Petroleum Company, Sunoco 16,500 BPD of Loan Guarantee 
Uintah County, Utah Energy Development Corporation, Sohlo shale oil 

Oil Saint Projects 

Santa Rosa! Solv-Ex Corporation, Foster Wheeler 4,000 BPD of Loan Guarantee and 
Santa Rosa, New Mexico Energy Corporation bitumen Price Guarantee 

Calsyn'/West Joint venture of Tenneco, Alberta Oil 6,035 BOED of Loan guarantee 
Pittsburg, California Sands Technology and Research Authority, distillate fuel 

Dynalectron Corporation, and Ralph M. oil, fuel gas 
Parsons Company naphtha 

HOP Kern/Kern County HOP Kern River Development Associates, 3,635 BPDof Loan Guarantee and 
California Ltd. heavy 

oil
Price Guarantee 

Kensyntar,'Edmonson Kensyntar, a joint venture of Pittston 6,349 BPD of Loan Guarantee and 
County, Kentucky Petroleum, Ward Douglas and KSA heavy oil (average Price Guarantee 

Resources production) 

Sunnyside!Carbon GNC Energy Corporation, Chevron 1,500 BPD of bitu- Price Guarantee 
County, Utah Resources Company men to be expanded 

to 10,000 BPD of 
syncrude in 1989 

Chaparrosa Ranch! Chaparrosa Oil Company 5,000 BPD of Price Guarantee 
Zavala County, Texas bitumen 

Forest Hill! Greenwich Oil Corporation 1,750 BPD of Loan Guarantee and 
Wood County, Texas heavy oil Price Guarantee 

Kentucky Tar Sand! Texas Gas Development Corporation 5,000 BPD of - Price Guarantee 
Logan County, Kentucky heavy crude oil

Denotes projects that received letters of intent from the SFC 
Denotes projects that received financial assistance from the SFC 
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SFC MAKE AWARDS AND SIGNS 
LETTERS OF INTENT 

On April 13, 1983, the United States Synthetic Fuels 
Corporation (SFC) signed a letter of intent to provide 
up to $120 million in price guarantees to the sponsors of 
the Cool Water coal gasification project. The SFC 
subsequently awarded the price guarantees on June 30, 
1983. Edward Noble, Chairman of the SFC Board, 
called the award a milestone in the life and success of 
the SFC. The SFC Board is expected to pass on the 
final documentation of the agreement in July. 

Additionally, on May 25, 1983, the SFC signed a state-
ment of intent to provide up to $49.8 million in loan 
guarantees for the Calsyn heavy oil conversion project. 
With the signing of these two letters of intent, the SFC 
has now pledged its financial assistance to four syn-
thetic fuels projects. (The First Colony peat-to-metha-
not project and the Santa Rosa oil sands project pre-
viously received letters of intent from the SFCJ 

A more detailed description of the terms of the Cool 
Water agreement appears in the Government portion of 
the Coal section in this issue of the Pace Synthetic 
Fuels Report. Similarly, details of the Calsyn letter of 
intent can be found in the Government portion of the 
Oil Sands section in this issue. The letter of intent 
constitutes a statement of mutual understanding be-
tween the SFC and project sponsors, and is subject to 
negotiation of acceptable agreements that incorporate 
substantially the terms set forth in the letter of intent. 

DIRECT SFC NEGOTIATIONS WITH PROJECTS 
IS APPROVED 

At the June 30, 1983 meeting, the Board of Directors of 
the United States Synthetic Fuels Corporation (SFC) 
directed the Chairman of the Board, Edward Noble, to 
"proceed toward direct negotiations with projects, if 
such an approach is necessary for acquiring solid pro-
jects in essential resource/technology areas." This 
statement from the SFC news release of the meeting at 
first seems to be rather unimportant. However, Chair-
man Noble called the decision a major milestone In the 
life and success of the SFC. 

The decision is important because the Board has now 
given the SFC permission to simply contact potential 
sponsors of projects and start negotiations immediately 
without the necessity of solicitation paperwork and 
other related formalities. The projects can be past 
applicants for SFC assistance that were previously 
turned down, new projects that have not applied to the 
SFC, or existing projects that are still pending as a 
result of earlier solicitations. An important stipulation 
to the decision is that direct negotiations will not begin 
until after September 15 when the Board determines 
that such an approach is necessary. Presumably, Sep-
tember 15 was selected because it is the deadline for 
negotiation of agreements in principle for third solici-
tation projects.

One problem this new direct negotiation system will 
overcome is the "arms-length" approach the SFC must 
utilize when using solicitations, particularly competi-
tive targeted solicitations. With competitive solicita-
tions, the SFC cannot hold open discussions with 
bidders, even if there is only one bidder. For example, 
under the targeted solicitation for western oil shale 
projects, the SFC was not allowed to tell Union Oil 
Company that their bid would be rejected because the 
company requested price guarantees for 60 million bar-
rels of shale oil and the targeted solicitation set a 
maximum of 30 million barrels. Under the proposed 
new system the SFC could negotiate with project 
sponsors to overcome such problems. 

The new system appears to offer yet another method 
the SFC can use to encourage synthetic fuels projects. 
It may be more effective than the systems using 
general and targeted solicitations. 

SPC ATTEMPTS ANOTHER TARGETED 
SOLICITATION 

Despite disappointing results from the targeted solici-
tation for western oil shale, the United States Synthetic 
Fuels Corporation (SFC) has approved another targeted 
solicitation. The new solicitation, which was approved 
by the SFC Board of Directors at their June 30, 1983 
meeting, is for projects utilizing bituminous coal in the 
Eastern Province and eastern portion of the Interior 
Province of the United States. At the same Board 
meeting, the SFC also announced that the only compe-
titive bid submitted under the oil shale targeted solici-
tation had been rejected. The SFC determined that 
Union Oil Company's bid for Phase IT of their oil shale 
project did not meet the criteria established for the 
targeted solicitation. Hence, the targeted solicitation 
for western oil shale did not result in any awards of 
financial assistance. 

The new targeted solicitation is for projects utilizing 
gasification of bituminous coal in Alabama, Illinois, 
Indiana, Kentucky, Ohio, Pennsylvania, Tennessee, Vir-
ginia, and West Virginia. Eligible products that can be 
produced by the projects are medium-BTU gas, high-
BTU gas, methanol, and gasoline. The SFC also pre-
viously issued a targeted solicitation for Gulf Province 
lignite. 

The targeted solicitation for western oil shale is ex-
plained in the article entitled "Oil Shale Solicitation 
Ends in Disappointment" in the oil shale section of this 
issue of the Pace Synthetic Fuels Report. Similarly, 
the details of the targeted coal solicitations are ex-
plained in the coal section of this issue in the article 
entitled "SFC Targeted Coal Solicitations Move For-
ward."

ft ft ## 

-
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• To ignore the present predictions of de-
clining United States hydrocarbon pro-
duction in the hope that domestic oil will 
be found in quantities large enough to 
reduce our dependence on foreign oil 
would be risky and imprudent in the 
extreme. 

• To develop a nationally significant syn-
fuel option by the latter years of the 
century requires starting now on the 
authorization, design, construction, and, 
ultimately, operation of the first genera-
tion pioneering commercial plants. 

• The national synfuel program needs vigo-
rous government support if the nation is 
to avoid the hazard of being vulnerable 
to a partial or complete cut-off of for-
eign fuels. The justification for stronger 
government leadership and for 
proceeding now is national security, not 
economics. 

• The key step at which government sup-
port is needed is in bridging the gap from 
research to demonstrated replicable 
commercial capability. This step re-
quires the building of pioneering com-
mercial plants. They are capital inten-
sive, high risk facilities. Recent exper-
ience shows private enterprise will not 
undertake their construction at this time 
solely on private sector funding. 

The primary recommendations of the Task Force are: 

• The government should provide the 
strong initiatives and incentives neces-
sary for a synfuel program that gives the 
country a synfuel option, significant 
against the national fuel requirement, no 
later than 2000 and, if possible, earlier. 

• The program should focus on transpor-
tation fuels, as these are products inti-
mately and directly involved with na-
tional security from both a civilian and 
military perspective. For securing these 
products, the program should emphasize 
diversity of both process and resource. 

• The government should undertake to ab-
sorb those high risk elements inherent to 
the first generation of pioneering plants 
that are beyond the control of industrial 
managements. These include, among 
others: 

- The need for product pricing that 
permits a profit to the operator 
which is reasonable in the light of 
the services and risks involved. 

- The vulnerability of pricing to the 
actions of foreign governments, 
some of whom may be or may be-
come hostile. 

- The rate of inflation.

- 

- 
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API BACKS SFC 

In January 1983 the API issued a policy statement 
strongly backing the United States Synthetic Fuels 
Corporation's (SFC) program and supporting key tax 
incentives to spur industries development. 

It is the APrs belief that the SFC "can make the 
greatest contribution to the accelerated development 
of a synfuels industry in the United States by concen-
trating its limited resources in the following ways": 

• Help pioneer plants achieve commercial 
production. 

• Assist a variety of technologies. 
• Encourage the most efficient design and 

operation of facilities by the partici-
pants. 

Specific recommendations on tax incentives to be con-
sidered are: 

• Extend and improve energy investment 
tax credits for synfuels. 

• Retain the alternative fuel production 
credits. 

• Permit deduction of qualified expendi-
tures in the year in which those Invest-
ments are made. 

• Synfuel developers should be permitted 
to deduct from taxable income expendi-
tures associated with community impact 
mitigation in the year expended. 

The API also sees the need for a consistent federal 
research and development program to accelerate syn-
fuels technology development. Federal government 
research support should focus on entirely new concepts 
requiring longer-term exploratory research activities 
that would augment private sector undertakings. 

AICRE REVIEWS SYNFUELS 

In April 1983 the AIChE published a brochure prepared 
by the Synthetic Fuels Task Force of the AIChE. The 
task force was formed to develop an overview of the 
nation's synfuel activity. 

From its study, the task force concluded that: 

• There is a highly probable need for com-
mercial scale synthetic fuel production 
in the United States by about 2000, with 
genuine possibilities for its abrupt need 
earlier. 

• Synfuel technologies are today non-com-
petitive, except in unusual circum-
stances. Therefore, synfuel capacity in 
the time scale needed will not be in-
stalled by free market forces.



- The time to get the final environ-
mental permits. 

• R & D should be continued on fossil fuels 
with particular attention to the techni-
cal and financial problems involved in 
the scale-up of promising technical con-
cepts to the pioneering plants. 

• The pioneering plants should be operated 
in a production, rather than experimen-
tal, mode for a period of years to allow 
the engineering profession to learn and 
to optimize the technology, including 
downstream processing and utilization. 

• The program should be planned to last to 
the turn of the century. This requires 
assignment of responsibility to some 
federal energy entity for dealing with 
the problems of fostering the construc-
tion, monitoring the operation, and man-
aging the improvement of the technolo-
gies in the first generation of plants over 
the fifteen to twenty years that will be 
required. 

• The industrial sector should be the 
builder and operator of the plants and 
the marketer of the products. 

• Present data indicate that synthetic fuel 
plants can be built to comply with cur-
rent environmental Impact standards. 
The Task Force recommends that clean 
air, clean water, and hazardous waste 
disposal criteria also recognize the na-
tional priority need for synthetic fuel 
plants so that the environmental permit-
ting process will be geared to work in 
concert with the plant construction and 
operating permits.

EDWARD NOBLE TESTIFIES BEFORE 
SUBCOMMI'ITEE 

On April 11, 1983 Edward Noble, Chairman of the Board 
of the United States Synthetic Fuels Corporation (SFC), 
gave testimony on the progress and activities of the 
SFC before the subcommittee on Interior House Com-
mittee on Appropriations. 

Funding and Budget 

Of the $14.906 billion made available to the Corpora-
tion, $14.887 billion remain. Through fiscal 1982, 
$18.6 million has been expended for administrative 
operations of the Corporation. Projected expenditures 
for 1983 and 1984 are $23.6 and $26.9 million, respec-
tively. 

Full time employees of the SFC grew from 122 to 177 
at the end of 1982. No more people will be employed in 
1983. Staffing will reach an estimated 238 employees 
in 1984. 

Solicitation Process 

While general solicitations produced good results, the 
SFC Board, after talking to project sponsors, deter-
mined that targeted solicitations would be a more 
efficient means of completing its desired project slate. 

Program 

In fiscal 1984 the Corporation proposes to fund roughly 
a dozen projects including. 

• Three major coal projects, at a total 
commitment of up to $7 billion. 

• Three major shale projects, at a total of 
$4.8 billion. 

• Six or seven tar sands/heavy oil projects 
of various sizes at a total of $1.4 billion. 

Further remarks by Mr. Noble on the program covered 
activities of the Corporation over the past year. (Many 
of these activities are covered in the government 
section of this issue of the Pace Synthetic Fuels Be-
port.) 

Comprehensive Strategy 

Formal development of the staff's recommended com-
prehensive strategy began in the previous fall. 
Mr. Noble reported that a well-defined outline of the 
work has been developed and scheduling in terms of 
specific calendar dates has begun. 

-
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ENERGY . POLICY & FORECASTS 

PACE OUTLOOK FOR NATURAL GAS, 
CRUDE OIL, AND REFINED PRODUCTS 

The economics of synthetic fuels projects are directly 
linked to those of competing products derived from 
petroleum and natural gas. We have, therefore, includ-
ed the following discussion of natural gas and refined 
product price forecasts for general reference. These 
forecasts are taken from the latest edition of another 
Pace multi-client study, "The Pace Energy and Petro-
chemical Outlook to 2000." Published semi-annually, 
this three-volume study provides a comprehensive anal-
ysis of worldwide energy supply, demand, and pricing. 
The discussion below is based largely on Volume Ill, 
Section C ("United States Energy Prices") of the cur-
rent study.

General Forecasting Procedure 

The Pace forecasting approach combines a large num-
ber of supply, demand, and price interrelationships 
using a series of iteratively linked computer models as 
shown in Figure 1. A brief description of each model is 
given below: 

The econometric model simulates eco-
nomic activity and is used to develop 
alternate economic scenarios. The use 
of this model with the others in the 
system effectively links an economic 
outlook with an energy scenario. 

FIGURE 1 

PACE Ec0NOMY/ENERCIV/PETR0cHEMIcAL FORECASTING SYSTEM 

ECONOMETRIC 
I- ------ -

i

MOCU.	 --4- 
I	 I 

PETROCHEMICAL	 SECTOR 

 / 
PIUCM 
MODEL 

nPPLY	 _____ GT MOOCL 
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• Sector demand models for the house-
hold/commercial, industrial, and trans-
portation sectors of the economy allow 
or numerous technical factors affecting 

energy demand (e.g., miles per gallon for 
various types of automobile and truck 
engines). These models forecast energy 
demand by type and geographic region. 

• The petrochemical model determines de-
mand for various petrochemicals in the 
different consumer sectors based on 
price, performance, and technological 
relationships. 

• The refinery and petrochemical linear 
programming model determines optimum 
product slates for all types of refineries 
given crude slates and economic con-
straints. 

• The pricing model calculates the eco-
nomics of crude oil refining, gas proces-
sing, and petrochemical production. It 
accounts for inflation, technological 
changes, government regulatory policies, 
changing refining configuration, and 
other influences. 

Energy price forecasting must consider potential trade-
offs among competing energy forms as well as the 
interaction that price has upon the overall supply/de-
mand balance. These factors are influenced by overall 
economic activity, international trade, changes in ener-
gy consuming stock, technical developments, and avail-
ability of financing for timely development of known 
resources.

The price forecasts given in this volume represent our 
determination of annual average contract prices on the 
United States Gulf Coast. The price of crude oil must 
be consistent among the major refining centers of the 
world. Pace's approach is to consider the price of oil 
delivered to the Gulf Coast as an adequate representa-
tion of the world market clearing price for crude oil. 
The price basis for each product is summarized in 
Table 1. 

Crude Oil 

Decontrol of United States domestic crude oil prices 
followed by a worldwide economic recession has caused 
major changes and realignments in the structure, pro-
fitability, and operating characteristics of the United 
States refining industry. Refinery charges-to-stills 
falling to all time low levels have exerted extreme 
pressure on refinery profitability and have provided a 
highly competitive atmosphere within the industry. 
Awareness of the need to optimize all aspects of 
refining and marketing activities has been evident as 
refiners have retrenched. Most of the low-complexity, 
fuel-type refineries having no special regional charac-
teristics have been closed because of low profitability. 
Several major oil companies have idled refineries and 
consolidated operations at existing, more efficient 
units. 

TABLE 1

PRICE BASIS FOR FORECASTS 

Commodity 

Crude 0i1 

Refined Products 
Naphtha, Gasoline 
Middle Distillates 
Fuel Oil 
C2, C3, And C4 Products 
Natural Gas

Basis 

Refiner Acquisition Cost 

FOB Gulf Coast Terminals 
FOB Gulf Coast Terminals 
FOB Gulf Coast Terminals 
Mont Belvieu Postings, Contracts 
NGPA Basis For New Gas 

• Pace defines a 340API marker crude based on a composite of 
world crudes representing the existing proportions of OPEC and 
other imported crude oils plus domestic crudes 

-

- 

-
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Our forecast takes into account internal conflicts and 
cash demands of oil exporting countries. While these 
factors will continue to provide uncertainties in the 
marketplace, the shaky production sharing agreement 
of OPEC has recently stabilized the short-term market. 
Although the possibility exists that the agreement will 
fall apart, this result will only be a short-term aberra-
tion. 

Inventories are now at or near minimum operating 
levels. Refiners are using excess capacity to provide 
products to the market and are not storing these 
products for future sales. When the drawdown of crude 
oil inventories ceases, crude oil suppliers will see an 
immediate surge in production requirements. 

As the economies of the world improve, a further real 
increase in demand for crude oil will leave the supply 
balance to the major swing suppliers in the Arabian 
Gulf. Historically, the United States fuel market 
demand made it necessary to import as much or more 
crude oil than was produced domestically. However, 
imports plunged to as low as 28 percent of crude runs 
for 1982. Our long-term forecast calls for the level of 
imports to increase, reaching 40 percent by 1990 and 
climbing to 49 percent by 2000 even with domestic 
production rising to 9.5 million barrels per thy. 

By 1985, domestic crude prices will firm dramatically 
and rise thereafter on a constant dollar basis. Table 2 
summarizes Pace's forecast on a constant dollar basis.

Refined Products 

Product price forecasts are derived from price dif-
ferential analyses based on complex, interrelated mar-
ket factors. Supply/demand considerations, competi-
tion among fuels, and production costs are all consider-
ed as part of this analysis. 

Gasoline Price Differentials 

The differentials among the various grades of gasoline 
are controlled by the added costs of manufacturing the 
different octane components. it is more costly to 
produce premium grades than lower-octane regular 
grades and less costly to add tetra-ethyl lead to pro-
duce octanes than to operate processing units. While 
these differentials may deviate from processing eco-
nomics in the short term due to supply/demand upsets, 
in the long term the relationships will hold. 

Economic analysis using linear program l-ning techniques 
indicates that the average difference in manufacturing 
costs between unleaded premium and unleaded regular 
should be about 1.0 to 1.5 cents per gallon, Adding 
marketing and handling costs brings the differential to 
between 3 and 4 cents per gallon. Currently, the 
differential is slightly above 4 cents, but competition 
should bring these grades to the lower end of the range 
as ample octane processing units are installed. 

TABLE 2 

UNITED STATES GULF COAST
CRUDE OIL PRICE FORECAST

(Constant 1982 Dollars) 

a _ a a 
Domestic Crude 

Percent Of Supply 72 51 59 54 
Cost ($/Bbl) 31.08 30.57 33.76 33.64 

Foreign Crude 

Percent Of Supply 28 49 41 46 
Cost ($/Bbl) 33.59 29.45 32.81 32.96 

Composite Gulf Coast 
Crude($/Bbl) 31.78 30.02 33.37 33.32
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Distillate Price Differentials	 configuration and product slate that will be repro-
sentative of the marketplace and yield the proper 

The prices of distillates were distorted prior to the end 	 relationship between the product values. 
of price controls. However, since the lifting of the 
controls, a more meaningful differential representing

	 Pace has developed a refinery model which meets these 
processing costs to upgrade distillate components to 	 requirements. This refinery is neither the most simple 
gasoline has been established. The differential of 3 to 4 	 nor most complex configuration and does not represent 
cents between No. 2 fuel oil and gasoline will narrow as 	 an "average." Any of these base models would result in 
demand for diesel fuel and heating oil rises. Economics 	 a distorted relationship between crude oil costs, pro-
will keep distillates out of the gasoline pools. 	 duct prices, and margins. This "Pace refinery" is 

essentially a medium complexity configuration plant 
Kerosene is used as a blending component in heating oil 	 which can produce a tailored product slate charging the 
to reduce the pour point during the peak winter heating 	 average Gulf Coast crude oil mix and remain profitable 
season and will maintain, a 1 cent per gallon premium	 even under adverse market conditions. Therefore, the 
over this fuel to make the kerosene available for the jet	 refinery model will not become outdated or obsolete as 
fuel blends.	 a result of changing industry conditions. The price 

forecasts are given in Table 3 for selected products. 

Residual Fuel Price Differentials
Natural Gas 

The pricing relationship of high sulfur fuel is based on 
crude costs and upgrading economics. The cost to 
upgrade heavy oil to light products is about 35 cents per 
barrel per degree API (1982 dollars). After 1984 and 
during the rest of the forecast period, upgrading capa-
city will continue to be needed due to rising heavy ends 
content of the crude slate. There will likely be times 
when high sulfur residual fuel will again be depressed to 
as much as 60 cents per degree-barrel but asnew units 
are brought onstream, the relationship will return to 
equilibrium. Residual fuel pricing is very sensitive to 
the overall supply/demand balance and available bot-
tom-of-the-barrel processing capacity. Presently with 
new capacity coming on stream and with demand fairly 
strong, residual fuel oil enjoys a differential which is 
less than 30 cents per degree-barrel. When larger 
quantities of residual fuel are freed from current 
markets we expect to see the high sulfur price return to 
processing economics. Thus, our long-term trend pro-
ceeds from 30 cents in 1984 to 35 cents per degree-
barrel by 1990. 

Lower sulfur fuel oil grades compete in different mar- 
kets form high sulfur bunker fuel and tend to relate 
closely with the price of distillate fuel oil. Using our 
relationship for low sulfur residual, which Is tied to 
distillate, we have established product differentials for 
all intermediate sulfur grades between low sulfur and 
bunker by a series of modified product blending formu-
las. In short, these blending formulas reflect the fact 
that intermediate grades are priced higher than would 
be indicated by sulfur grade blending alone. This 
premium is related to a combination of higher-priced 
feedstocks and special handling for low sulfur residual 
fuel oil grades. 

Product Prices 

To forecast product prices, Pace first determines what 
the forecasted refinery margin will be as determined by 
our forecast of average delivered crude oil costs and 
our forecast of refinery utilization rates. These utili-
zation rates are a function of the petroleum product 
demand forecasts. To translate refinery margins into 
individual product prices given crude costs and price 
differentials, it is necessary to establish a refinery

Natural gas pricing will be affected by the cost of 
several competing sources of supply. Potential sur-
pluses in both Canada and Mexico will combine with 
conventional domestic production capacity to enable 
average gas prices to stay well below the cost for 
developing higher cost components of supply such as 
deep formations, tight sands, and other non-conven-
tional sources. 

The basic driving force behind gas pricing in the long 
term will be competition against alternate fuels. Com- 
petition will be experienced in all consuming sectors, 
but the most significant will be in the industrial boiler 
market where dual firing capacity enables users to 
substitute residual fuel with reasonably little effort. 
This component of demand then becomes price setting, 
and regardless of upper limits established by the 
Natural Gas Policy Act of 1978, the average industrial 
gas price will be most sensitive to the residual fuel 
price. 

Pace's forecast for gas prices is based on an analysis 
which considers the following factors: 

• Comparison of boiler fuel markets and 
gas production capacity to determine the 
marginal supply and price setting sources 

• Application of distribution and transpor-
tation charges against the burner tip 
parity price of residual fuel oil to deter-
mine the competitive wellhead price 

• Analysis of existing gas contract vol-
umes and terms, depletion/production 
rates, and interstate versus intrastate 
wellhead prices. 

Table 3 contains Pace's long-term forecast for natural 
gas prices.

- 
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TABLE 3 

UNITED STATES GULP COAST 
REPINED PRODUCT PRICE FORECAST

(Constant 1982 Dollars) 

Naphtha (FR) 
Gasoline 

Unleaded Regular 
Kerosene/Jet A 
No. 2 Fuel Oil 
No. 6 Fuel Oil 

0.3% Sulfur 
1.0% Sulfur 

Natural Gas 
Methanol 
Ammonia 

Unit 1982 1985 1990 2000 

*/Gal 92.7 88.2 100.4 100.2 

*/Gal 95.8 91.8 104.2 104.4 
t/Gal 95.3 90.8 103.2 103.4 
t/Gal 91.6 88.1 102.2 102.4 

$/Bbl 30.96 29.91 34.13 34.16 
$/Bbl 27.31 26.38 30.10 30.13 

$/MSCF 3.72 3.53 3.70 3.89 
t/Gal 52.3 56.7 69.9 68.8 
$/Ton 129.4 195.0 240.0 250.0

RECENT OPINIONS CONCERNING 
FUTURE NEED FOR SYNFuELS 

Since the Arab oil embargo aroused interest in develop-
ment of alternative energy sources to reduce depen-
dence on imported oil, the direction of and support for 
alternative energy programs has shifted with each 
swing of the economy and price of oil. The develop-
ment of synthetic fuels programs has not been exempt 
from such shifts, particularly in the aftermath of a 
severe economic recession and sharply falling crude oil 
prices. Criticism of synthetic fuels programs has come 
from many quarters, including numerous political and 
environmental opponents on local, state, and national 
levels. The following quotations have been taken from 
speeches and articles recently prepared by officers of 
various energy companies and agencies. Their remarks, 
presented without further comment or interpretation, 
form a basis of support for continued synthetic fuels 
development efforts. 

• Dr. Ulf Lantzke, Executive Director, Interna-
tional Energy Agency, speaking at The Confer-
ence Board (January, 1983) In an address titled 
"Global Energy Politics" 

"The priority (of) improving the energy supply 
mix by reducing dependence on imported oil and 
accelerating the production of alternative 
energy sources is still valid and should remain 
so for the foreseeable future... 

"Should energy investments be based on short-
term tactical moves or long-term considera-
tions? This is particularly vexing as the long 
term outlook may require investments which 
financial officers may not consider advanta-
geous for the current balance sheet...

"Synthetic fuels have seen an even more abrupt 
shift in fortune. In the mid-seventies, and 
particularly in the United States, synthetic 
fuels were considered a major weapon in reduc-
ing, and possibly even eliminating, dependence 
on imported oil. In their report issued just 
eighteen months ago, the High Level Group for 
Energy Technology Commercialization esti-
mated that synthetic fuels from tar sands, oil 
shales, and coal could reach 1.2 million barrels 
per day by 1990 if then current government 
policies were continued. The possible output 
for these fuels by 2000 was estimated at 3.5 to 
8.8 million barrels per day. This report was 
written by serious, level-headed experts. Yet 
today synthetic fuels have been buried by cost 
evaluations. Have the basic underlying trends 
which prompted such strong public interest in a 
synthetic fuel industry really changed that 
drastically?... 

"Some macro economists may suggest that low 
economic growth over the short term has made 
the energy problem manageable because of re-
duced energy demand. The surface truth masks 
a larger problem. With low economic growth, 
there is likely also to be a pronounced slowdown 
in investment in non-oil energy supplies. These 
are investments, such as coal and nuclear gene-
rating plants, oil shale and tar sands, and gas 
transmission facilities which can take up to 
fifteen years to come on stream. Such invest-
ments may well be necessary to provide needed 
energy in the early to mid-1990s, if we want to 
avoid falling back on oil as the only readily 
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available source to fuel revitalized economic 
activity, and thus getting into the well known 
vicious cycle again... 

"Decreased government support of a vast syn-
thetic fuels program is not necessarily a bad 
thing as long as we have a couple of commer-
cial size demonstration plants available by the 
end of the decade in order to assure that we 
have the best technology available should the 
need for it become apparent... 

"I am confident that the energy policies which 
have been developed over the past ten years are 
correct in their basic direction, and that we can 
sustain the progress we have made. Thus we 
should reach a stage, perhaps in ten to fifteen 
year's time, where we can say that energy has 
been removed as a constraint to economic 
growth. This will not be an easy Job. More 
importantly, in the happy circumstance of a 
soft oil market, and while all our attention is 
focused on other economic problems, which 
have basically been brought about by the energy 
dilemma, we must not forget to do it." 

• E. C. Jefferson, Chairman, E. I. duPont de 
Nemours & Company, speaking at the Confer-
ence Board (January, 1983) 

"The notion that we are becoming a "post 
industrial" society seems to be taking hold in 
some circles. It is widely argued that the 
United States will not, and indeed should not, 
continue to strive for leadership in the produc-
tion of basic materials... 

"That view is myopic. While the service sector 
of the economy is growing, it cannot survive 
with an eroding industrial base... 

"A lack of political courage and leadship to 
better balance consumption and investment, to-
gether with a diminished capacity to welcome 
technological change, have blunted our indus-
trial progress. In the basic matter of energy, 
unwise regulation and lack of consistent long-
term purpose have further handicapped us. But 
these are not inherent limitations. We can and 
must do better... 

"Our nation is well equipped to improve its 
economic position. We have superb natural 
resources, talented people, and scientific and 
engineering abilities second to none. Our 
energy and petrochemical raw material posi-
tions are the envy of other industrial count-
ries... 

"The substantial development of coal gasifica-
tion and liquefaction will be a task for the 
longer-range future. But remember that the 
21st century is only 18 years away. R & D 
should be pushed to the point that demonstra-
tion units are a realistic option for the nineties.

Their construction would depend on the circum-
stances prevailing at the time... 

"Our energy problem is not one of resources. 
We have highly developed technologies and the 
scientific and engineering base to add needed 
advances in the balance of the century. What 
we need is to select our objectives and have 
sustained, predictable government policies to 
facilitate their achievement... 

"I think too often we see our national potential 
as something close to a burden rather than a 
great resource. If we look more positively at 
our strengths and bring them to bear, we can 
revitalize United States industry and restore its 
competitiveness around the world." 

• Dr. E. E. David, Jr., President, Exxon Research 
and Engineering Company, speaking at the Con-
ference Board (January 1983) in an address 
titled "Putting the White Rabbit into the Mat: 
The Corporate Role in Basic Energy Research". 

"There is no gain saying that U.S. Government 
support has played a vital role in the develop-
ment of some of our most important industries 
today, at the level of pioneering research... 

"Government does best where it couples its 
support with a specific need that, as an ulti-
mate user, it clearly recognizes ... The govern-
ment has been notoriously ineffective in con-
ducting demonstration programs and in develop-
ing technology directly for commercial uses. 
The technological lanthcape is strewn with 
rusting hulks of failed programs... 

"Certainly, the administration's policy places a 
heavy burden of responsibility on the energy 
industry... Yet ... the burden is not much differ-
ent in kind than what the industry has always 
borne, given its heavy orientation toward large, 
civilian markets. What were almost crash pro-
jects in some areas—for example, in synthetic 
fuels__can be scaled back to the research and 
selective development programs required to 
produce advanced, efficient, and clean techno-
logies... 

"Government and corporate managers have both 
played a major role in using basic research to 
advance new technologies. But, in areas where 
commercial markets are paramount, such as 
fossil fuels, industry has performed best. And I 
would argue that, with closer coupling to basic 
research, industry will continue to do so... 

"In fossil energy, the challenge over the next 
decade or so is to obtain the understanding that 
will enable us to get more usable energy from 
less_-through energy conservation and through 
extracting more high quality fuels from lower 
quality crude oil and resources. In the out 
years, the challenge will be to go beyond that 
with the development of a synthetic fuels in-
dustry based on white rabbit technologies far 

-
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advanced over what will seem the 'dinosaur'
	 many years to come. By the end of the century 

technologies of today."
	 It should still be supplying about a third of total 

energy consumption. 
• Fred L. Hartley, Chairman and President, Union 

Oil Company of California addressing the Tenth 
Energy Technology Conference & Exposition 
(March 1983) in a speech titled "Union Oil's 
View of Energy Progress." 

"As I see it, our major problem is keeping our 
proper long-perspective while the current oil 
oversupply and price situation works itself out. 
I do not see this current situation as evidence 
that Kiierica's oil problems are over... 

"We must not forget that the world's basic 
energy supplies—its fossil fuels--continue to be 
diminished, year by year, while the world's 
desire for higher living standards—and thus Its 
needs for energy continue as strong as ever. 

"America must continue to provide the needed 
incentives--as well as the federal offshore ex-
ploratory lands.—to encourage domestic oil pro-
duction as much as possible. A reasonable long-
term goal is to at least hold our oil production 
at today's level of about 8.5 million barrels per 
thy. In addition, we should keep up our efforts 
to stimulate energy conservation, free natural 
gas from controls, encourage basic energy R & 
D, and continue the strategic storage program 
and the synfuels program. Finally, we must 
prove to the public that we can provide safe 
and reliable nuclear power." 

• C. C. Garvin, Jr., Chairman of the Board, 
Exxon Corporation addressing the 31st Annual 
Business ManagementConference (April 1983) 
in a speech tilled "Full Circle?" 

"We have seen and experienced some remark-
able events—wars in the Middle East, oil boy-
cotts, volatile oil and natural gas prices. A 
continuing struggle over price controls in the 
United States and now, once again, the feeling 
that maybe the leaky roof doesn't have to be 
fixed after all. One wonders what, if anything, 
we have learned and what, if anything, we can 
do about it... 

"I see little likelihood of 1973 being reproduced 
this year. But Fm less certain about next year 
or the year after, and the further ahead I look 
the more uncertain I become. Clearly, the 
energy industry and the consuming countries 
have gained more time in which to prepare for 
the future. But I think it would be unwise to 
assume that the energy problem has therefore 
gone away... 

"Even assuming further efficiency gains, 
25-30 percent more energy for the world as a 
whole by the end of the century would seem a 
conservative guess. How much of this will be 
oil remains to be seen. Most guesses are that 
oil will continue to lose market share but will 
remain a dominant fuel in world markets for

"It is therefore of interest to note that, despite 
the discoveries of the past decade and the 
fall-off In oil consumption rates, the world has 
for more than a decade been consuming more 
oil than it has been finding. There is no 
evidence that this trend is about to reverse 
itself... 

"Remember, too, that existing proved reserves 
of oil are predominantly in OPEC coun-
tries--and mainly in the Middle East. When one 
considers the volatility of that area, together 
with the fact that the United States still im-
ports about a third of the oil we consume-_only 
marginally less than in 1973—one cannot feel 
completely comfortable. The share that comes 
from the Middle East has fallen in recent 
months. But It remains the marginal source of 
supply, and as the economy recovers, so will our 
vulnerability... 

"There is a problem of timing. What one has to 
worry about is whether the signals that the 
market is sending out today are consistent with 
the needs of the nation ten to fifteen years 
from now... 

"In the field of energy, decisions that the 
government may take on taxes, land use, the 
strategic petroleum reserve or synthetics po-
licy—to mention a few areas of obvious inter-
est—.can have marked effects on future deve-
lopments. With the events of the past decade 
in mind, one can only hope that future policy 
will recognize that an ample and secure supply 
of energy is an interest common to all of us. 
The lower oil prices and abundant supplies of 
the moment are giving a welcome boost to 
economic growth and they are helping to re-
strain inflation. But if they lull us into a false 
sense of security, they may also bring long-
range problems." 

W. H. Thompson, Jr., President and CEO, 
Mapco Inc. in response to a stockholder ques-
tion at the company's annual meeting 
(May 1983). 

We have been monitoring (coal conversion) 
technologies rather closely. In fact, we have on 
the drawing board a project of our own to 
convert coal to methanol based on our very 
large reserves of coal in southern Illinois. Un-
fortunately, the present economics of such pro-
jects just don't justify the commitment of 
stockholder funds at the present time... But we 
do have a group that is monitoring the develop- 
ments in that area on a yearly basis. So, once 
it makes economic sense ... we'll be in there with 
the rest of them."

- 
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• Excerpts from the International Energy Agency 
report "Coal Liquefaction: A Technology Re-
view" (1982). 

"The known reserves of crude oil in the world 
are sufficient to cover the maximum demand 
for essential transport fuel which is foreseen 
for at least the next 20 years. However, if 
production of crude oil outside the Middle East 
continues at levels approaching the maximum, 
the dependence of the consuming countries on 
Middle East oil could grow to a politically 
dangerous level by the mid-1990s. Thus, a!-
though the short-term outlook for oil indicates 
relatively stable prices and ready availability, 
the strategic reasons for continuing with pro-
grammes to develop new technologies to pro-
duce liquid fuels remain." 

"An end to both the abundant availability of oil 
and its stable price is certain; its timing Is a 
matter for conjecture. Synthetic fuels, includ-
ing oil from coal, could then become important 
additional sources of energy, particularly sup-
plementing fuels which are hard to replace by 
other energy forms. Unless the framework for 
the development of the technology Is in place, 
it will not be available at the right time." 

• E. H. Luntey, American Gas Association, In a 
presentation to the Synfuels 2nd Worldwide 
Symposium (October 1982). 

"In general, it must be said that the limited 
progress on the energy front in the United 
States is due to lack of a long-range policy as 
well as to the economic downturn caused ironi-
cally, at least in part, by energy shortages and 
exorbitant price increases which followed un-
rest in the Mid-East... 

"It is my strong warning, not only to the United 
States but to the entire Western World, that all 
alternatives for energy supplies must be deve-
loped as rapidly as possible. In tact, we should 
regard the present calm on the energy front as 
a unique opportunity to put alternative energy 
sources in place... 

"An uncertain energy supply priced with no 
concern for long-term stability carries with it 
not only the direct cost of energy, but also the 
burden of higher inflation and unemployment 
rates, foreign trade deficits and national se-
curity risks. These factors do not enter into 
the financial energy decisions for a private 
firm, yet they are crucial for the national 
energy policy decisions...

• J. R. Bowden, Executive Vice President, U.S. 
Synthetic Fuels Corporation In remarks con-
cerning oil shale and tar sands projects. 

"The pace and direction of a synthetic fuels 
industry must and will be set by the business 
community. You design and manage the pro-
jects. The Corporation has a limited and short-
term role, though It is critical in these early 
years of development: We will provide contin-
gent financial assistance to those projects that 
have the potential for economic success. Ours 
is a cooperative and supportive role; we miti-
gate risk and enhance opportunity for those 
with the vision and discipline to build an indus-
try and assure a more secure future for the 
country and for themselves." 

• James Watt, Secretary of the Interior, in a 
news release on federal leasing programs for 
coal (June 1983). 

"Shortsighted critics seem to be suggesting we 
should wait until the cars line up at the gas 
pumps; until the lights brown out in our homes; 
until the wheels stop turning In our factories 
then, they seem to suggest, we should put the 
Federal mineral resources up for bidding so that 
we can get top dollar. That would be a tragic 
mistake—a disaster for the consumer, a dis-
aster for factory workers, a disaster for na-
tional security, a disaster for the environ-
ment... 

"The last moratorium lasted for a decade. We 
cannot afford another decade of indecision. 
America has never had an energy crisis; we 
have had a crisis in leadership because we 
failed to make wise use of America's vast 
resources." 

• Humphrey Taylor, Louis Harris Associates, in 
remarks to the American Petroleum Institute 
Marketing Meeting (April 1983). 

"1 think our recent survey for Business Week 
does have some useful pointers: We asked peo- 
pie how they thought they and their families 
would respond to a decline in energy prices of 
10 percent to 20 percent over the next few 
years. Price theory suggests that a significant 
drop would stimulate a corresponding increase 
in consumption. But Americans do not think 
that they will behave that way. Only one-third 
of U.S. families think that they would use more 
energy for such things as heating, cooking, and 
transportation if prices dropped sharply. And 
of that group, only a negligible number believe 
that their consumption would rise significantly. 

"One reason for making methane as a synfuel in 	 What these results imply, of course, is that the United States is that there is already In 	 efficiency and conservation have become insti-place a huge, efficient methane delivery system	 tutionalized: people expect to drive their small, and a diversified methane resource base. The 	 fuel-efficient cars for a long time... and home methane resource base offers a huge diversified	 insulation is not going to be ripped out once it potential which includes production of synthetic 	 Is fuels."

-

- 
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"Concern about the energy situation Is still 
deeply embedded in the consciousness of the 
American people. Despite the oil glut and 
despite lower gasoline prices, 50 percent of the 
American people last summer still felt that the 
basic energy problem facing the country today 
was 'very serious', down from the 66 percent 
who felt that way in 1980, at the height of 
concern. And when they looked ahead 10 years 
from now, a modest majority thought the 
energy situation would still be very serious... 

"When they are given a choice between cutting 
back on energy use and increasing energy pro-
duction, Americans are increasingly attracted 
to increasing production. Two-thirds of the 
public feel that the primary emphasis in dealing 
with the energy problem should be on 'going all 
out to increase the production of energy' rather 
than on 'going all out to cut back on the use of 
energy'. This preference for production seems 
to have grown over the years, although it was 
always greater than the preference for cutting 
back... 

"If there is one thing that has changed little 
over the past few years, it is the public's vision 
of how the country will supply most of its 
energy needs in the decades to come. We have 
asked variations of this question since 1978, and 
there is a certain irony in the answers. Despite 
the public's growing distaste for nuclear power, 
despite the obvious troubles the nuclear indus-
try has had with both cost and safety, and 
despite the barely visible progress made in the 
development of solar energy, the public is con- 
vinced that most of the nation's energy will be 
nuclear and solar 10 years from now, 20 years 
from now, and certainly after 2000... 

"Another striking finding is the diminishing im-
portance given to coal, which only a short time 
ago was seen as America's last untapped 
resource for energy that could safely see the 
country into the next century, particularly as a 
base for synthetic fuels. Clearly, coal as the 
basis for a synthetic fuel industry, as well as 
coal by itself, is much less highly regarded than 
it once was, although it should be said that as 
early as 1978 only 5 percent of the American 
people thought that coal would be providing 
most of the nation's energy needs by 2000... 

"Overall, and in spite of their several reserva-
tions and caveats, there is still a strong consti-
tuency for synthetic fuels projects in this coun-
try. The basis for this support is a view held by 
a 78-20 percent majority—JProduction of signi-
ficant quantities of synthetic fuels is essential 
if the United States is to reduce Its dependence 
on imported oil'. 

"Another way of putting this is to say that a 
72-25 percent majority of the public disagree 
with the contention that 'our oil conservation 
effort has been so successful that synthetic 
fuels won't be needed in the future'."

UTAH OIL SHALE AND TAR SAND DEVELOPMENT 
ASSESSED 

"An Assessment of Oil Shale and Tar Sand Development 
In the State of Utah—Phase 2: Policy Analysis" is the 
second part of a two part report undertaken by the 
Utah Energy Office and funded through the United 
States Department of Energy. The report was designed 
to provide public decision makers, industry, and inter-
ested citizens with Information concerning the poten-
tial for synthetic fuels development In Utah. The first 
part (Phase 1) was concerned with establishing likely 
development scenarios for synthetic fuels in Utah. The 
report, summarized In the following article, was pub-
lished by the Utah Energy Office In October 1982. 

The report provides a list of twelve proposed projects 
and the proposed timetable for development. Table 1 
lists the projects and shows the proposed level of 
synfuel production. The schedule in the report is 
subject to change in proposed project schedules. The 
uncertainty of synthetic fuel developments over the 
future short term affects the projected production 
levels. The report is targeted at defining constraints to 
the proposed development schedule and identifying pos-
sible options for reducing the constraints. Constraints 
identified In the report include: 

• Possible lack of sufficient resources 
• Permitting delays and inefficiencies 
• Availability of required manpower 
• Water availability 
• Availability of required electricity 

• Availability of financial capital 
• PSD permitting policy 
• Power plant siting in proximity to syn-

thetic fuel projects 
• PSD increment consumption by facilities 

In other states 
• Unquantifled emissions and other un-

known data affecting air quality modell-
ing and permitting. 

The availability of financial capital was judged to have 
the highest constraining affect. Stabilized and declin- 
ing oil prices will continue to depress interest in 
synthetic fuels and thereby affect the availability of 
financial capital. Air quality constraints were judged 
to have a low to high effect on development. The other 
constraints were Judged to have a low to moderate 
effect on development of synthetic fuels in Utah. For 
every constraint, with the exception of availability of 
capital, the State of Utah has a number of options 
available for mitigating the severity of the constraints. 
As an example, consumption of PSD increments by 
coal-fired power plants could be mitigated by the State 
of Utah by adopting a facility siting authority which 
could prevent siting conflicts. 
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The locations of the twelve synthetic fuel projects 
identified in the report are shown on Figure 1. Copies 
of the report are available for $8.00 each at the Utah 
Energy Office, 3266 State Office Building, Salt Lake 
City, Utah 84114 (telephone number 801/533-5424).

TABLE 1 

UTAH SYNTHETIC FUEL PRODUCTION SCHEDULE
(Barrels Per Day of Synthetic Fuel) 

1985	 1990	 1995 

Oil Shale Projects 

Magic Circle 0 31,500 31,500 
Geokinetics 

LOFRECO 8,000 30,000 50,000 
Agency Draw 0 16,000 16,000 

Paraho-Ute 0 42,000 42,000 
Syntana 0 16,500 57,000 
Tosco 0 45,000 45,000 
White River Shale 14,840 35,000 106,300 

Sub-Total Oil Shale Projects 22,840 216,000 347,800 

Tar Sand Projects

C & A 12,000 20,000 20,000 
Enercor 

Rainbow 5,000 5,000 5,000 
P.R. Springs 0 50,000 50,000 

Great National 20,000 40,000 40,000 
Sohio 5.000 15,000 20,000 

Sub-Total Tar Sand Projects 42,000 130,000 135,000 

Total Utah Synthetic Fuels 64,840 346,000 482,800
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FIGURE 1 

LOCATION OF TWELVE PROPOSED SYNTHETIC FUEL 
PROJECTS IN UTAH 
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ECONOMICS 

FEDERAL ACTIONS ON PRODUCT PRICES 
ANALYZED FOR GREAT PLAINS AND 
UNION PROJECTS 

The Union Oil Parachute Creek Project in Colorado and 
the Great Plains Gasification Project in North Dakota 
will both benefit from federal actions on product 
prices. Union Oil will receive price support payments 
to the extent that market prices for jet and diesel fuels 
fall below support levels defined in a contract with the 
Department of Energy (DOE). Great Plains will be able 
to sell synthetic gas at favorable prices as a result of a 
rate settlement approved by the FERC. The following 
article analyzes the impact of these actions based on 
Pace's own forecasts of gas, oil, and refined product 
prices (see above article "Pace Outlook for Natural 
Gas, Crude Oil, and Refined Products"). 

Union Oil Parachute Creek Project 

Price supports for the Union Oil project are outlined in 
a contract agreement between the company and the 
Department of Energy (No. DE-FX-01-81FE55002) 
dated July 29, 1981. The contract calls for Union to 
supply the Department of Defense with aviation and 
diesel fuel through June 30, 1993 with price support 
provisions applicable through June 30, 1990. Provisions 
in the agreement allow for the product to be produced 
from syncrude, conventional crude, or a blend of the 
two depending on options defined in various articles of 
the contract. However, the price supports are based on 
the quantity of syncrude produced at Parachute Creek 
regardless of whether it is used in production of mili-
tary fuels. The formula used to determine support 
payments is as follows: 

PUP = Sx(P2-p1) 
where	 PUP = Price differential payment 

S	 = Barrels of syncrude produced 
P2	 = $42.50/barrel x adjustment factor 
P 1	 = (0.3 x market price of JP-4) + 

(0.7 x average market price of 
DFM and DF-2 diesel fuels)

The adjustment factor for P2 allows for changes in both 
the implicit Price Deflator and the average price of 
natural gas delivered to electric utilities relative to 
base values as of June 30, 1981. The formula for the 
adjustment factor is as follows: 

Adjustment Factor 

= (0.75 x	 Current Deflator 
Deflator on 6-30-81 

+ (0.25 x	 Current Gas Price 
Gas Price 6-30-81

The contract limits the maximum total payments to 
$400 million regardless of any fluctuations in market 
prices. The contract also calls for the government to 
purchase products at market price, but if the weighted 
average market price (P1) exceeds 125 percent of the 
support price (or $53.125 per barrel adjusted as above 
for inflation and natural gas prices), the DOE would 
receive a credit to be applied toward the support 
payments. (Unrecouped credits would be paid by Union 
to an escrow account turned over to the DOE at the end 
of the support period.) 

Based on Pace's forecast for gas and fuel prices and for 
increases in the GNP deflator, we calculate the annual 
price support payments shown in Table 1. We have 
assumed the design syncrude production rate of 
275,000 barrels per month and have not allowed for any 
production before 1984. We forecast price support 
payments to be made in every year with total payments 
approaching $200 million, or about one-half of the max-
imum allowed under contract provisions. 

TABLE I

PACE FORECAST or union OIL 
PRICE SUPPORT PAYMENTS

(Current Dollars) 

Price 
GNP Natural Average Differential 

Year 
-

Deflator Gas JP4 Diesel Payments 
(1972.L0) (7MSCP) 07M) (7l) ($MM/Year) 

1984 2.288 3.80 94.5 91.8 37.75 
1985 2.421 4.12 106.1 102.9 33.07 
1986 2.569 4.47 lISt 112.1 32.34 
1987 2.719 4.85 124.8 122.0. 26.76 
1988 2.879 5.25 135.3 132.9 20.07 
1989 3.032 5.70 148.7 144.7 26.40 
1990 3.196 6.18 159.1 157.6 11.53

Total	 198.91 

'6 month period (price suçporls end on 6130/90) 

Souroei The Pace Compeny 

Our forecasts total for the support payments is very 
close to the level estimated by the SFC earlier this 
year. SFC reported that the payments would range 
from $60 to $300 million (depending on assumptions 
regarding crude oil prices) with the most likely value 
being $180 million. On the other hand, a study by the 
Congressional Research Service (CRS), a research arm 
of the Library of Congress, concluded that payments 
would reach $342 million under the most likely scen-
ario. CBS estimated that under the most favorable 
conditions, the DOE would still pay at least $259 mil-
lion while under less favorable conditions the upper 
limit of $400 million would be obtained. Both the SFC 
and CRS emphasized the sensitivity of their results to 
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changes in crude oil price assumptions, with the CRS
	

TABLE 2 
report particularly emphasizing the difficulties of de-
ciding upon a crude price forecast given the recent

	
GREAT PLAINS GASIFICAI'FON PROJECT 

swings in crude pricing.	 COAL GAS PRICE FORMULA SUMMARY 

Great Plains Gasification Project 

The original rate proposal to the FERC for coal gas 
from the Great Plains Project contained provisions 
which sought regulatory status for the project and 
which required ratepayers to finance plant construction 
through either a surcharge during construction or debt 
and equity guarantees. The recent settlement 
agreement negotiated between Great Plains and the 
pipeline companies sought only to permit the pipeline 
purchasers to recover the cost of the gas through 
existing purchased gas cost adjustment provisions in 
their tariffs. Ratepayers would pay only for gas 
received at a price not to exceed that specified by the 
agreed upon formula. The FERC reported that the 
proposed price caps contained in the formula would 
provide Great Plains with rates needed to support the 
project without causing ratepayers to pay more than 
alternate forms of energy. To quote the Commission's 
findings (in Opinion No. 119 issued April 30, 1981), "(w)e 
recognize and accept ... that this project cannot go 
forward without the advance rate approvals that are 
requested ... without such approvals, neither the sponsors 
nor the DOE would be willing to commit the large 
amount of money required for the construction of this 
first of a kind demonstration project ... (T)he sponsors of 
the project will not be undertaking extraordinary risks 
relative to ... conventional projects, while at the same 
time, the ratepayers ... will not be liable for any costs 
relating to project failure ... moreover, although the base 
price may escalate .... overriding 'price caps' ... are 
designed to meet the concerns of both the ratepayers 
and the project sponsors during various periods of time 
during the life of the project." 

The formula for coal gas sold by the Great Plains plant 
is summarized in table 2. Based on Pace's energy 
forecasts, we find that the No. 2 fuel oil price caps will 
not limit the contract price since the $6.75 per million 
Bit price adjusted by the formula will be lower. This 
price will thus be the price determining mechanism for 
the first five years.However, thereafter, the natural 
gas price ceilings will be the price determining mechan-
ism. We forecast imports from Mexico and Canada to 
reach parity with domestic prices by about 1988 so that 
the domestic price cap will be the most likelylimit. (In 
practice, the domestic and imported caps will be nearly 
identical.) 

Table 3 summarizes the gas prices we forecast for the 
Great Plains Project gas through 2000. We have 
assumed a 1984 start-up so that the imported price cap 
takes effect in 1989. Our gas price forecasts are 
general, and we cannot predict the prices of the high-
est-priced 10 percent of gas purchased by the four 
different pipeline companies. We have therefore as-
sumed for this analysis that the highest priced incre-
ment will not exceed the average forecast price by 
more than 10 percent. This figure is somewhat arbi-
trary, but it allows for minor variations in supply costs

The Gas Purchase Agreement provides for the sale and 
purchase of the synthetic gas at a price of $6.75 per 
million BTU, adjusted quarterly commencing April 1, 
1981 in accordance with a factor which reflects an 
equal weighting of changes in both (a) the Producer 
Price Index for all commodities and (b) the Producer 
Price Index for No. 2 fuel oil. The Gas Purchase 
Agreement also establishes the following ceiling prices 
for the synthetic gas during the term of the Agreement: 

1. During the first five years after deliveries 
of gas commence, the price may not ex-
ceed the equivalent price of No. 2 fuel oil, 
but that ceiling would not apply in the 
event that the price of oil were regulated. 

2. During the succeeding five years, the ceil-
ing price of the synthetic gas would be the 
higher of (a) the arithmetical average of 
the prices paid during the preceding 
3 month period by each pipeline for the 
highest priced 10 percent of the volumes of 
natural gas it purchased in the lower 
48 states from non-affiliated producers 
(the "domestic price cap") or (b) the arith-
metical average of the prices paid by the 
pipelines for natural gas imported from 
Canada and Mexico (the "imported price 
cap"). However, the price under either cap 
could not exceed the equivalent price of 
No. 2 fuel oil if the price of oil were 
unregulated. 

Thereafter, the "domestic price cap" would 
serve as the ceiling price unless natural gas 
producer prices were regulated, in which 
even the "imported price cap" would estab-
lish the maximum price that could be 
charged by Great Plains. 

after decontrol without permitting the wide variations 
seen today. 

When the Great Plains Project was first planned, the 
sponsors anticipated earning approximately $1.2 billion 
in the first ten years based on gas prices in the range of 
$9 to $10 per million BTU when the plant began 
operations. In light of falling crude and gas prices, the 
owners now project losses of almost $0.8 billion over 
the first ten years based on gas prices in the range of 
$6 to $7 per million BTU. Our findings support that 
basis and suggest only moderate increases in gas prices 
through 2000. 
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TABLE 3 

PACE FORECAST OF GREAT PLAINS PROJECT
COAL GAS PRICES 

(Current Dollars) 

Year Limited By Price 
- ($/MMWtLJ) 

1985 Price formula 7.06 
1985 Price formula 7.66 
1986 Price formula 8.23 
1987 Price formula 8.82 
1988 Price formula 9.46 
1989 Domestic price cap 6.27 
1990 Domestic price cap 6.80 
1991 Domestic price cap 7.13 
1992 Domestic Price cap 7.48 
1983 Domestic price cap 7.84 
1994 Domestic price cap 8.22 
1995 Domestic price cap 8.63 
1996 Domestic price cap 9.05 
1997 Domestic price cap 9.49 
1998 Domestic price cap 9.95 
1999 Domestic price cap 10.44 
2000 Domestic price cap 10.95 

Source: The Pace Company

ECONOMIC UPTURN LINKED TO ENERGY 

The article "Energy and the Long Cycle" by Mr. Geo-
rge F. Ray in the January 1983 issue of Energy Econo-
mics examines the effect that energy may have on the 
R6idratiev economic cycle. 

The concept of the long cycle has become associated 
with Kondratiev, who concluded from his studies that 
there exists half century long cycles In the world 
economy.

Mr. Ray assumes that these cycles exist and examines 
the part played by energy in these long waves of 
economic activity. Figure 1 illustrates the long cycles 
according to Kondratiev and the author has introduced 
the cycles after the 1914 to 1916 peak. A more 
detailed analysis of the Kondratiev cycle is presented in 
Table 1. 

One thesis, presented by Schumpeter, who devoted 
great attention to the Kondratiev cycle, is that it was 
some major innovation that generated the upturn of a 
long wave and remained the driving force for a consi-
derable time. According to Schumpeter the upturn of 
the first Kondratiev cycle (1790 to 1813) was largely 
due to the dissemination of steam power, the second 
(1844 to 1874) to the railway boom and the third (1895 
to 1914/1916) to the joint effects of electricity and the 
automobile. The post war upturn is more difficult to 
explain with Schumpeter's simplicity. Many factors 
contributed including growth of the transportation in-
dustry as well as a general increase in consumer de-
mand. 

The pattern seen by the author is: "those major im-
provements that appear to have sparked off the upturn 
in the long cycles were: 

• either directly originating in, or closely 
connected with, the production of 
energy, such as the steam engine or the 
railways, 

• or Aimed at producing a new form of 
energy (electricity); 

• their purpose was to utilize primary 
energy in some novel form; 

• they contributed significantly to the 
raised demand for energy; and 

• the fundamental condition of their disse-
mination had always been the abundant 
supply and almost unlimited availability 
of fuel." 

According to the author if the hypothesis is correct and 
holds true for the future, we should expect the next 
upturn to be sparked by some important development in 
energy or a field closely allied to it. 

FIGURE 1 
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TABLE 1

KONDRATIEV'S CYCLES 
Period 

of Upturn Trough Peak Number of Years Main Driving Force 
Trough Peak Trough Peak 

to to to to 
Trough Peak Peak Trough 

1790-1813 1790 1813 - - 23 - Steam Power
According 

1844-1874 1844 1874 54 61 30 31 Railways to 
Schumpeter 

1895_1914/6* 1895 1916 51 42 21 21 Electricity, Motor Car 

1946-1973 1946 1973 51) (57) (27) (30) Oil, Road Vehicles, Air 
Transport, Chemicals 

Source: Kondratiev (1935), Schumpeter (1939)

The timing element also begins to fall into place. The 
scarcity of oil should become more apparent as we near 
the year 2000. In 10 to 15 years the creation of 
production facilities for energy from new sources will 
begin to take off. Thus the energy industries would be 
ready for the start of the upturn in the next cycle. 

From the peak in 1973 to1990-1995 (the end of the 
trough), 17 to 22 years will have elapsed. Past exper-
ience has shown the peak to trough to last about 
25 years. 

STATUS OF SYN1'UELS IS REVIEWED 

Chris Knudsen of Scientific Design Company recently 
summarized his assessment of the status of the 
synthetic fuels industry in a paper entitled "Synthetic 
Fuels: Coal and Oil Shale Readiness." The paper was 
presented at the 1983 Energy Resources Technology 
Conference and Exhibition sponsored by the American 
Society of Mechanical Engineers. In the paper, the 
author briefly described several coal and oil shale 
technologies and summarized the status of several 
commercial and demonstration synfuels projects. 

The author then presented estimated production costs 
for various types of synthetic fuels. These cost figures 
were based primarily on a study by Exxon which was 
published in 1980 under the title "The Role of Synthetic 
Fuels in the United States Energy Future." This study 
presented synfuels production costs in relative figures 
(percentages) rather than absolute costs. Hence, the 
author used a 1980 cost estimate of $38 to $42 per 
barrel for oil shale syncrude. These figures were 
increased for inflation to 1983 costs and the Exxon 
relationships were used to derive the costs of various 
synfuels as follows:

Probable Synfuel Prices

S/Barrel 
Synfuel Type	 Equivalent 

Shale Oil Syncrude 50-55 
Medium-BTU Gas 50-55 
Substitute Natural Gas (SNG) 60-70 
Methanol 65-70 
Coal Syncrude or Synthesis 75-85 

Liquids

These figures assume a plant size of 25,000 barrels per 
day and a 100 percent equity investment with a 15 per-
cent discounted cash flow. 

From these cost figures, the author concludes that most 
present synfuels projects will not get started without 
financial assistance from the United States Synthetic 
Fuels Corporation (SFC). Additionally, he believes that 
although the SFC will initiate the demonstration of 
synfuels technologies, it will not create a synfuels 
industry that will provide energy security for the 
United States. Hence, the author concludes that the 
United States Government must initiate a new program. 

Mr. Knudsen supports a program suggested by Professor 
Hoyt Hottel of M.I.T., who proposed that each refinery 
in the United States be assigned a minimum annual 
synthetic fuels production quota. Each company could 
meet its quota by producing synthetic fuels, contracting 
with another firm to produce their quota, or purchasing 
the synthetic fuels on the open market. Any company 
unable to meet its quota by one of these three methods 
would be required to pay into a synthetic fuels fund 
administered by the Federal government. 

The author favors the Hottel plan over other types of 
subsidies because all fuel consumers would pay for 
manufacturing synthetic fuels through slightly higher 
fuel prices. He contends other subsidy plans require all 
taxpayers to bear the costs with the benefits being 
realized by only a small sector of the economy. How-
ever, regardless of the type of program, the author 
concludes that governmental actions beyond the energy 
marketplace forces will be needed to establish a syn-
thetic fuels industry. 
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TECHNOLOGY 

USE OF HYDROGEN IN REFINING SYNTHETIC 
FUELS FROM COAL AND OIL SHALES 

A paper "The Use of Hydrogen in Refining Synfuels 
from Coal and Oil Shales" was presented at the Pan 
Pacific Synfuels Conference in Tokyo, Japan by the 
Chevron Research Company. The results of the paper 
are summarized as follows. 

Hydrogen Content of Petroleum, 
Petroleum Products and Synfuels 

Figure 1 shows hydrogen content versus molecular 
weight (Stangeland Diagram) for pure hydrocarbons and 
mixtures of hydrocarbons typically found in crude oils, 
synthetic crude; and finished products. As seen in 
Figure 1 the hydrogen molecular weight lines for syn- 
crudes lie below the boundaries for finished products 
and petroleum oils. This figure illustrates the amount 
of hydrogen which must be added to the various frac-
tions to produce transportation fuels. (A general rule 
of thumb is 600 standard cubic feet per barrel per 
1 weight percent increase in syncrude hydrogen con-
tent.) 

Hydrogen Utilization in Hydroprocessing 
Conventional Petroleum Stocks 

One desirable feature of hydroprocessing is that the 
volume of the liquid products is typically greater than

the volume of the feedstock. Figure 2 shows the 
effects of increasing hydroprocessing severity on Mid-
dle East vacuum gas oils. Similar results are obtained 
for other feeds. The volume of expansion, when proces-
sing in the range of 30 to 70 percent conversion, is 
slightly over 8 volume percent per 1,000 standard cubic 
feet of hydrogen consumed. Modern steam reformers 
produce 1,000 standard cubic feet of hydrogen from 
feed and fuel equal to 0.08 fuel oil equivalent barrel. 
Thus, according to the authors, the once-through pro-
cess has an apparent 100 percent volumetric efficiency 
for converting gaseous hydrogen plant feed and fuel to 
liquid products. 

Hydroprocessing units also produce significant amounts 
Of C4- gas. These gases may be used as hydrogen plant 
feed. Net hydrogen consumption is then the difference 
between the gross hydrogen consumption and the hydro-
gen produced by converting the C4- material to hydro-
gen. Volume expansion versus net hydrogen consump-
tion is shown in Figure 3. Net hydrogen consumption 
reaches a maximum of 700 standard cubic feet per 
barrel because at higher seventies the C4- gas produc-
tion is more than sufficient for hydrogen manufacture. 

The heavy gasoline from hydroprocessing units typically 
is sent to a reformer to improve octane. The results of 
this operation are shown in Figure 3. The decrease in 
liquids yield is the result of reduction of volume in the 
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reforming operation. The results In Figure 3 are for a 
91 RON, 10 RVP gasoline product. 

Catalytic reforming may be the only source of hydro-
gen. As severity is increased, more of the product 
requires reforming and thus the available hydrogen 
increases with increasing severity. Figure 4 shows net 
hydrogen required after using reformer hydrogen. 

For hydroprocessing refining operations Chevron re-
searchers reached the following conclusions 

• The initial hydrogen consumed efficient-
ly removes sulfur but results In little or 
no product volume expansion. 

For seventies between HDS and recycle 
operation, hydrocracking provides essen-
tially a 100 percent conversion of gas-
eous hydrogen plant feed and fuel to 
liquid products. Comparison is made on 
a product barrel versus fuel oil equiva-
lent (FOE) barrel basis. Thus, if addi-
tional hydrogen is available, it is often 
more effectively used for increasing sev-
erity of operation than as fuel or HDS of 
additional feedstock. 

• Increasing severity by recycle cracking 
from maximum diesel to maximum gaso-
line operation requires little additional 
net hydrogen. Only capacity to reform 
the additional naphtha is needed.

Hydrogen Utilization In Hydro-
processing of Synfuels 

Figure 5 shows data for severe hydrotreating of very 
aromatic SRC-11 fuel oil derived from Pittsburg seam 
coal. The slope of this line corresponds to 6 volume 
percent expansion per 1,000 standard cubic feet of 
hydrogen consumed. Compared to hydroprocessing Mid-
(lie East vacuum gas oils, hydroprocessing SRC-11 oil is 
only 75 percent as efficient at converting hydrogen 
plant feed Into liquids. Maximum volume expansion 
occurs in the Jet fuel mode and decreases as recycle 
cutpoint is lowered to gasoline or BTX mode. This is 
similar to conventional petroleum stocks. 

Results from processing H-coal syncrudes derived from 
Illinois and Wyodak coals are similar to those from 
SRC-11 processing. 

Shale oil produced by the Paraho retort show trends 
similar to the SRC-ll and H-Coal oils. The Paraho 
shale oil shows essentially the same behavior on a liquid 
volume versus hydrogen consumption basis. The authors 
consider this a surprising result as the Paraho shale is 
higher in the Stangeland chart. The high hydrogen 
consumption is believed to be the result of high nitro-
gen and olefin content of the shale oil. The slope of the 
volume expansion line is 5 percent volume expansion 
per 1,000 standard cubic feet hydrogen. 

Figure 6 compares the results for Middle Last vacuum 
gas oils with the results for the four types of synfuels 
studied. 

FIGURE 2 
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The net hydrogen consumption picture for hydroproces- 
sing of syncrudes is somewhat different than that of 
petroleum stocks. Low to moderate severity hydropro-
cessingproduces little C4- material. Only in the case 
of recycle hydrocracking to gasoline are sufficient light 
gases produced to allow their conversion to a signifi-
cant amount of hydrogen. 

Coal synfuels also contain up to 50 percent naphtha 
boiling range material. Even in low-to-moderate seve-
rity operation there is an unusually large proportion of 
naphtha available for reformer feed. 

The Chevron researchers conclude that maximum pro-
duct volume from any source occurs at processing

conditions corresponding to maximum middle distillate 
production. SRC-lI stock requires approximately 
1,000 standard cubic feet per barrel more hydrogen 
than vacuum gas oils to reach this maximum. 

Advanced Coal Liquefaction Processes 

Figure 7 shows a comparison of Chevron's Coal Lique-
faction Process derived liquid product versus conven-
tional crude petroleum on the Stangeland chart. The 
authors point out that the close similarity to conven-
tional petroleum should produce similar hydroprocessing 
behavior. This suggests that second generation synfuels 
may not only permit attainment of higher middle distil-
late/gasoline ratios, but also may require significantly 
less hydrogen in their refining. 

-

- 
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FIGURE 4 
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FIGURE 6 
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SYNFUELS PROCESSING CATALYST 
METALS DEMAND 

The estimated catalyst metal demand for various syn-
fuels technologies has been summarized by Shuji Mon & 
A. D. McElroy of the Midwest Research Institute and 
presented at the ACS Meeting in Kansas City, Missouri, 
on September 12-17, 1982. 

The estimates are based on existing refining catalyst 
technologies extended into synfuel processing. Due to 
the proprietary nature of most of the synfuels proces-
ses, the estimates were developed from limited pub-
lished data. 

The catalyst metal consumption estimates are shown in 
Table 1. The estimates are based on a 50,000 BPSD 
liquefaction plant or a 300 million SCFD gasification 
plant. It is noted by the authors that the demand for 
two of the most widely used metals-cobalt and 
nickel-is more than 50 percent satisfied by imports. 
Some incentive for reclaiming catalyst metals may 
develop as synfuel processing develops. 

TABLE 1 

CATALYST METAL DEMAND BY 
SYNFUELS PROCESSES
(Metric Tons Per Year) 

Process M!!i Demand 

H-Coal Co 71 
Mo 293 

EDS Ni 23 
Mo 85 

Dow Coal Liquefaction Mo 1,738 
SRC - - 
Two-Stage Coal Liquefaction Ni 106 

Mo 474 
Bergius-Pier Fe 11,000 
Mobil M-Gasoline Co 22 

Mo 88 
Cu 12 
Zn 24 
Cr 4 

Fischer-Tropsch Co 22 
Me 88 
Fe 7,628 

High BTU Coal Gasification Co 24 
Mo 96 
Ni 90 

Combined Shift/Methanation Ni 29 
Ru 1 

Exxon CCG K 156,900 
Shale Oil Hydrotreating Ni 6 

Mo 25

A brief review of wet chemistry reclamation of moly-
bdenum, cobalt, and platinum is presented in the paper. 
However, the authors conclude that reclamation is non-
economic, with the exception of precious metals.

PYROLYSIS OF SHALE STUDIED 

Results of fast pyrolysis experiments by the Institute of 
Coal Chemistry Academia Sinica were presented at the 
Joint AIChE/CIESC meeting on September 19-22, 1982. 
The paper "Fast Pyrolysis of Puxian Coal and Shale" 
was authored by Ge Shipei and Wang Yusong. 

The raw material for the experiments is a coal shale 
mixture from a coal deposit found at Puxian County, 
Shanxi Province. Results of proximate and ultimate 
analysis and other properties of the coal, shale, and 
their mixture are shown in Table 1 and their petrograp-
hic analysis in Table 2. 

Figure 1 is a schematic of the bench scale equipment 
and consists of two hoppers, a retort, and a V-shaped 
mixer. 

The process development unit (PDU) utilizing a solid 
heat carrier for pyrolysis of the coal mixture is shown 
in Figure 2. This unit was originally designed for crude 
oil cracking using sand as the heat carrier. The unit 
was modified by replacing the fluidized bed reactor 
with a moving bed reactor. 

The mixed shale from the feed hopper is fed through a 
screw conveyor (6) into the mixer (7), where it is mixed 
thoroughly with ten times its weight of heated charcoal 
(850° to 900°C) from hopper 3. The mixture is then fed 
to the moving bed reactor (1) where the pyrolysis 
reactions take place.

TABLE 1 

CHEMICAL ANALYSIS OF THE SAPROPELIC COAL 
AND THE CARBONACEOUS SHALE 

(Percent) 

Sapropelic	 Carbonaceous Coal-Shale 
Coal	 Shale	 Mixture 

Proximate Analysis 

W 0.76 1.88 1.35 
A 14.42 51.88 39.81 
V 38.88 16.41 24.59 
Fixed C 45.94 29.83 34.25 

Elementary Analysis 

C 72.88 35.66 47.07 
H 5.99 2.57 3.57 
N 1.28 0.68 0.83 
S 2.09 4.74 4.93 
0 2.58 2.59 2.44 

Fischer Assay 

Tar 23.73 5.51 11.50 
Charcoal 68.62 89.29 81.87 
Water 1.87 2.10 1.90 
Gas+ Loss 5.72 31.0 4.73 
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TABLE 2 

PETROGRAPHIC ANALYSIS OF THE SAPROPELIC COAL 
AND THE CARBONACEOUS SHALE

(Percent) 

Sapropelic Carbonaceous 
Coal Shale 

Vitrinite 53.8 37.5 
Semi-Vitrinite 1.3 0.0 
Semi-Fusinite 3.5 0.0 
Fusinite 3.7 0.9 
Exinite 3.5 0.6 
Alginite 24.5 0.0 
Fine Grained Mikrinite 9.3 0.0 
Minerals 0.4 61.0

FIGURE 1 

BENCH SCALE
BATCH EQUIPMENT

Reactor products are quenched and scrubbed before 
being analyzed. 

Charcoal is circulated via the lift pipe (2) to the 
storage hopper (3). Exhaust gases are vented through a 
cyclone (5). 

Secondary cracking experiments were conducted by 
withdrawing part of the product and passing, it through 
a small tube cracker. 

Results of the bench scale tests are presented in 
Table 3. Optimum pyrolysis temperature is said to lie 
in the 7000 to 800°C range as shown in Table 3. Product 
gas is reported to have a calorific value (HHV) of 8,000 
to 9,000 kcal per normal cubic meter and contain 
approximately 17 volume percent olefins. The authors 
report 4 weight percent conversion of the feed to 
olefins as compared with 45 weight percent conversion 
for crude oil. Crude benzene yield was 1.4 weight 
percent. Little tarry material was observed. 
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TABLE 3 

EXPERIMENTAL RESULTS OF BENCH SCALE TESTS 

Pyrolysis Gas 
Tem perature Yield Compos ition of Gas (WI. %) Yield of Olerins(WI.%) 

(95371f) C3116 C2115 C3115 
C2114 C4116 H2 CH4 C3 11 6 02 Co CO2 C2H4 C411s Total 

650 93 9.5 6.20 32.72 37.55 8.0 0.2 4.2 1.1 1.03 1.11 2.14 
700 Los 13.0 6.10 33.09 27.65 4.67 0.1 6.1 1.0 1.55 1.23 2.76 
750 148 10.5 7.63 33.14 29.30 6.56 0.6 6.1 1.3 1.90 2.30 4.20 
800 151 10.4 8.36 31.62 25.20 6.08 0.4 8.1 0.1 1.91 1.95 3.86 

awed on the teed

TABLE 4 

SOME DATA OF PDU EXPERIMENTS 

Carboni- Secondary Real-
zallou' Cracking dance 

Temperature Tem perature Time composi tion of Gas (WI. %) Yield of Olefins(Wt.%)' 
It; 1SV C3H6 c3116 C316 

C2114 C4H8
2 C14 C3H8 02 CO CO3 C2114 C4118 Total 

580 Without Secondary 6.3 5.' 24.3 30.8 8.9 0.5 4.3 8.4 0.93 1.21 2.14 
Cracking 

600 750 0.5 12.2 6.8 27.8 26.8 8.2 - 5.4 7.5 1.82 1.47 3.29 
600 800 1.2 18.0 6.5 24.1 26.9 1.4 0.1 4.9 6.2 2.95 1.67 4.83 
500 500 0.5 16.1 5.5 25.0 27.8 2.1 0.7 5.5 . 2.66 1.47 4.13 
600 850 0.2 18.4 6.5 27.6 32.0 1.6 0.3 5.5 6.2 3.03 1.69 4.72 
500 850 0.5 18.8 5.3 30.0 32.9 1.6 - 7.1 5.1 3.04 1.42 4.46 
600 850 0.0 23.1 1.5 27.8 39.0 0.7 1.0 4.1 6.7 3.78 0.36 4.14

Similar results are obtained for the PDU and are shown 
in Table 4. Experiments were not conducted at higher 
temperatures in the PDU because of choking of the 
combustor due to clinkering. 

The authors break the pyrolysis reaction into two 
stages: primary devolatilization followed by cracking 
of primary products. Estimated parameters of a first 
order equation for the primary stage are Ea = 37.2 kcal 
per mole and A = 8.3 x iOlU. From their crude oil 
cracking experience the second stage rate equations 
may be approximated by: 

K 1 =	 18.9 - 19,500 Per Ton 
K2 =	 10.3 - 11,500 Per Ton 

At 7000 to 800°F the optimum residence time is re-
ported to be 1 to 2 seconds. Thus to obtain gas 
products of good quality it is necessary to control the 
time and temperature of the second stage reaction. 
Results of the secondary cracking studies are listed in 
Table 4.

conclusions 

Based on their work, the authors concluded the follow-
ing:

• Yields from Puxian mixed shale using a 
solid heat carrier method are more than 
4 weight percent gaseous olefins and 
1.4 weight percent crude benzene. 

• Gaseous product yields of 100 to 150 
normal cubic meters per ton of feed with 
a HHV of 9,000 kcal per normal cubic 
meter are obtained. 

• Product gases may be used as fuel or 
other uses and the charcoal used as fuel 
for the fixed bed combustor. 

• Almost no tarry product is observed in 
the process. 
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INTERNATIONAL 

SYNFUELS RESEARCH IN JAPAN 

The Research Association for Petroleum Alternatives 
Developments (RAPAD) was established in May 1980 in 
an effort to develop various kinds of alternative energy 
products to replace petroleum fuels in Japan. 

The group receives support from the Ministry of Inter-
national Trade and Industry and is organized by 23 
member companies from such industries as petroleum 
(9), fermentation (4), chemical (3), and engineering (7). 

The seven year program, starting in 1980, is to be 
conducted with a budget totalling $112 million. There 
are 295 researchers conducting work at 44 research 
sections in 30 laboratores. 

RAPAD has set the following basic policies: 

• The necessary technology has to be de-
veloped as quickly as possible so that 
alternatives for petroleum products can 
be produced and supplied within a med-
ium term. 

• Research is to be confined to the field of 
liquid fuels. 

• Resources other than crude oil are to be 
used, but not excluding tar sand bitumen, 
shale oil, and heavy crude oil. 

• Since other types of energy are replacing 
heavy petroleum oils, emphasis is to be 
placed on research to develop technolo-
gies for manufacturing distillates such as 
gasoline, kerosene, and gas oil. 

• A system of manufacturing liquid fuel 
from biomass resources through the ap-
plication of modern technologies has to 
be established. 

• Since natural resources for fuel use are 
mostly found abroad, the production and 
distribution of synfuels will be studied 
from a broad, international perspective. 

• Since economic conditions are liable to 
change in time, research activities are 
to be pursued in coordination with appro-
priate survey activities. 

Research activities of RAPAD cover the following 
three fields: 

• Technology for manufacturing synfuels 
from syngas. 

• Technology for upgrading tar sand bitu-
mens and shale oils. 

• Technology for biomass conversion and 
utilization. 

An August 1982 report includes RAPAD achievements 
during the period from April 1981 to March 1982.
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ENVIRONMENT 

SFC ENVIRONMENTAL MONITORING PLAN 
GUIDELINES DRAFT ISSUED 

The Synthetic Fuels Corporation issued a draft of the 
Interim Environmental Monitoring Guidelines in March. 
These guidelines are required by Section 131(e) of the 
Energy Security Act. The intent of the draft is to set 
forth the steps to be taken in implementing the guide-
lines. 

A two stage approach is suggested by the SFC. Stage 
One utilizes an outline of the monitoring plans which 
will be incorporated into the financial assistance con-
tract. It would include a general description of the 
specific monitoring tasks required by local, state, and 
federal environmental agencies. A summary of obliga-
tory compliance monitoring is included, as well as a 
brief description of each task. The description would 
detail what the task is, where It is to bedone, and a 
general description of how the task will be accomp-
lished. 

The SFC suggests that close consultation with the 
regulatory authorities is fundamental in developing the 
outline and the actual plan. By following the general 
guidelines suggested in the draft, maximum effective-
ness in obtaining an acceptable outline and plan is 
anticipated. 

The monitoring plan portion of the draft details how the 
plan should be developed and what it should address. 
Specifies of the environmental permits and detailed 
descriptions on each monitoring task should be included. 
The draft goes into further detail concerning supple-
mental monitoring, quality assurance/quality control, 
and data management/reporting requirements. 

Various groups have commented on the draft since it 
was issued. The primary focus of the comments has 
been the supplemental monitoring portion of the guide-
line. This is a general section dealing with monitoring 
of non-regulated substances. Most reviewers felt that 
the draft was vague in certain areas of responsibility, 
and in particular what the criteria for acceptability by 
the Sit should be. This is critical since if the outline 
is not accepted by the SFC, the SFC will not sign the 
financial agreement contract.

AIR QUALITY IMPACTS AND ISSUES OF ENERGY 
DEVELOPMENT IN THE WESTERN UNITED STATES 

This article by Devine and Miller appeared in Volume 7, 
Number 1 of the Energy Systems and Policy journal. 
The paper summarizes several key air quality findings 
concerning Western United States energy development. 
The study conducted for the paper examined energy 
scenarios in Arizona, New Mexico, Colorado, Utah, 
Wyoming, North and South Dakota, and Montana. The 
authors credit a study by White entitled "A Technology 
Assessment of Western United States Energy Resource 
Development" as the basis of the paper. 

The paper analyzes two scenarios: a high energy de-
mand and a low energy demand, both to the year 2000. 
Although the low energy demand case now appears to 
be higher than today's current demand scenario, the 
relative energy levels indicated may be reached by 
2010. 

According to Davin and Miller, four regulatory issues 
have the most significant effect on western energy 
development. They are: 

• Meeting PSI) Standart—Siting near 
Class I areas. 

• Emission Offset Policies—Favoring eco-
nomic growth in "dirty" areas. 

• BACT for Sulfur Dioxide—Unreliable
technology, impact on western coal. 

• Governmental Conflicts in Air Quality 
Regulations—Appropriate roles of state 
and federal regulatory agencies. 

Table I lists the six site-specific scenarios discussed in 
the article. Tables 2 and 3 present the predicted air 
emissions from the facilities in these scenarios. Based 
on the predictions particulates and sulfur dioxide emis-
sions from power plants create the largest problems. 
Hydrocarbon emissions from shale oil facilities also 
exceed national standards, however. In many of the 
cases, any available PSD Class I increment is used up or 
exceeded. 

The authors (in Table 4) list three major options con-
cerning policy, each with specific options available. 
The last alternative, a siting task force, is viewed as 
the most attractive alternate. It represents an econo-
mical and flexible means of siting new facilities by 
accommodating both industry and environmental 
groups. By lessening siting and permitting delays, this 
could lessen the costs of developing western energy 
sources. 

-

-

- 
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TABLE 1 

STANDARD SIZE FACILITIES IN THE SIX SITE-SPECIFIC SCENARIOS 

Navajo/	 Kaiparowita/	 Beulab, 
Faruiingeo. 	 Eacalante,	 Rifle,	 Gillette,	 Cth*rip	 North 
New Mexico	 Utah	 Colorado	 %&ocelng	 Montana	 Dakota 

Coal 

Mine/Export (23 MMtpy) 
Rail 
Sony 

Power Plant' (3,) MVk) 
Gasification' (250 MMcfd) 

Lurgi 
Synthane 

Liquefacliona OODADO bbl/day) 

Oil Shale 

Satiate Retorting 
(50.	 bbl/day) 

In Situ (57AW bbt/day) 

Uranium 

	

Mine/Milling (1.wo nty) 	 I 
Solutions] Missing (250 mtpy)	 I	 - 

	

Natural Gas Wells (3 MMcfd) 	 $3 

	

Crude Oil Vtila(125 bbl/day)	 IX 

MMtpy - million tons per year 
MWe - n,egawattstuic 
'me Rifle power pleat it only Low Mlt 
'Including now nsitn 

TABLE 2

MMc(d - millon cubic feet per day	 ruIn - metric tons per year 
bbl/day - bands pa day 

AIR EMISSIONS ON AN EQUIVALENT ENERGY BASIS
(Pounds Per Million BTU Produeed)a 

Cosnerzire Foci/lay	 Ponktdases	 SO,	 NO,	 NC

Coal 
Power Plant' 

Bus (electric) 0.11-030 037-1.37 1.40-3.43 0.04-0.06 
Btu(thennal) 0.04-0.17 0.27-0.48 0.49-1.20 0.01-0.02 

Gasification 
(Lur) N 0.03 0.06 0.0*34 

Ossification 
(Synthane) 0.001 0.34 0.48 0.01 

Liquefaction 
(Synth- i1) 002-0.05 0.04-0.05 0.20-0.23 0.064.07 

Oil Shale 
TOSCO II 0.08 0.03 (117 0.09 
Modified In Situ 

oil shale 
processing 0.006 0.01 0.04 0.009 

Crude Oil 
Conventional crude 

oil extraction 
Fahanced crude

N 0.002 0,001 N 

oil extraction 
steam injection 0.02-0.05 0.5 0.01 0.005 

Natural Gas 
Natural gas 

production' 
extraction N 0.05 0.07 0.10 

Geothermal 
Btu (electric) NA 0.61' NA NA 
Wa (thermal) NA 0.21' NA NA

N - negligible	 NA - not applicable 

'These number, represent the range of emissions used in the sits-specific scenarios. Facilities 
Aft assumed to be operating at a hill load. Equivalent energy values are based on the Thai 
year for the standard size for each facility. These are, in Bty/year: power plans, 6.73 x 10" 
(Btu electS), 1.92 e 10" (BIts thaal); gasification proemsa and natural gas, 8.21 X 10": 
liquefaction, 1.84 x 10": TOSCO II oil shalt, 8.27 x 10"; in situ shale, 1.01 >e to": 
conventional crude oil, 9.198 x 10": underajc.md oil shale mine. 1.67 x 10 6 : uranium 
sinett 199 x tO"; coal mine. 132 x tO"; geothennal, 2.24 x 0" (Otis electric), 6A * 
TO" (But thermal). Sec White 6,1, (1979a) for detail. 

'99% of particulata removed and 80% of SO, removed. 
'No range for oil shale is available because the processes were hypothesized at only one site. 
`This number is for RS and aasu 	 90% 11,5 removal. 
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TABLE 3 

PEAK CONCENTRATIONS FOR ENERGY FACILITIES IN THE SITE-SPECIFIC SCENARIOS
(Micrograms Per Cubic Meter)

Etcalant. Fwmtngrcn Rifle Gillette 

PolMa,u oa 
and Gonifl- Shalt Good—

Averaging	 Federat Power Power	 cotta, Resets costa, 
Time	 Standsrd Plant Plant	 (best) (TOSCO II) (Synshaw) 

Cthsflp 

Liquq'ac-
Power	 ito,	 Papier 
Plant	 (Synshal)	 Plans 

SO. 
Anntsal 20(11) II 3.3 0.3 1.3 2.3 17 2.4 1,8 24-hour 91(11) 293 63 4.6 22 32 87 17 112 
3-hour 312(11) 1.060 434 44 122 324 637 92 692 

Partia,. 
laIn 

Annual 19(11) 4 1.8 nes. 2.0 meg. 0.3 0.6 1.4 24-hour 37(11) 103 36 meg. 83 0.1 I? 9 26 

NO, 
Annual' lOD(N) 29-49 6.3-1I 0.3 2.8 3.3 3.6-6.0 4 12-14 

HC 
3-hour 160(N) 38 46 57 33.503 114 43 17203 '30 

'The ,sndsrds listed barn are the moal reslnctive of saber federal PSD Class II meronats 
(II) or NAAQS (N). mane an provided simply or. conveatiem' rdaeaace poüsi 

nbc range of NO, for power plants is due to assumptions about NO, removal by scrubbers; 
one case anunaa 40% ranoval, while the other, asmonca no removal. 

TABLE 4 

ALTERNATIVE POLICIES FOR AIR QUALITY 

Category of Altemitiver	 Sped& AIt,afiva 

Modify standards and	 Make PSI) standards more flexible 
regulations Knave a portion of PSD bacromments for na 

production 
Alter tethnologiS and Cccstsvct smaller, dispersed energy convaflon faSlitia 

11mg thdas	 - Concaatrste facilities in aaav pasts 
Innate oommacialiraticm progrsnu for new, low 

polluting —gy taSanclogia 
I.P. proural Inatase assistance to state and local govanmt plannort 

me.bamears(or approving Establish a regional air-quality ooimdl 
new facilities Establish a task force for identifying future Stan for 

energy fadliban
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UINTA BASIN FINAL EIS 

The Final Environmental Impact Statement (EIS) for 
Synfuels Development in the Uinta Basin of Utah was 
released to the public in mid-February 1983. The Final 
EIS consists of three separately bound documents: 

• Volume I contains the cumulative analy-
sis and site specific analysis of proposed 
synfuel projects. 

• Volume II contains the comments on the 
Draft EIS and the BLM responses. 

• Appendix R-A is a map volume included 
as reference which was not reprinted for 
distribution with the Final EIS. 

The Draft EIS was made available to the public on 
August 27, 1982. The Uinta Basin EIS was triggered by 
applications from eight companies seeking rights-of-
way across public land. The rights-of-way would be 
required to develop synthetic fuel plants located on 
state and private fee land. The Draft EIS was reviewed 
in the September 1982 issue of the Pace Synthetic Fuels 
Report (see pages 1-49, 1-56, 2-1, 3-1, and 3-19 of 
that issue). Volume I of the EIS contains the cumula-
tive analysis of nine proposed synthetic fuel projects 
and the site specific analysis of five of those projects. 
The five projects for which site specific analyses were 
performed are: 

• Enerco Rainbow Project—Tar Sand 

• Magic Circle Cottonwood Wash Pro-
ject—Oil Shale 

• Paraho-Ute Project—Oil Shale 

• Syntana-Utah Project—Oil Shale 

• Tosco Sand Wash Project—Oil Shale 

The other four projects are: 

• Enerco-Mono Power P.R. Springs Pro-
ject—Tar Sands 

• Ceokinetics LOFRECO Project—Oil 
Shale 

• Geokinetics Agency Draw Project—Oil 
Shale 

• Sohio Asphalt Ridge Project—Tar Sand. 

Table 1 is a summary description of the nine proposed 
Uinta Basin developments. The analyses of the impact 
of the nine proposed developments were based on high 
and low development scenarios. Table 2 shows the high 
and low daily production rates of synthetic fuel from 
the nine projects. The high scenario projects a total 
synthetic fuel production of over 319,000 barrels per 
stream thy. The low scenario projects a total cumula-
tive production from the nine projects of over 
123,000 barrels per stream thy. 

The analysis of impacts by the proposed developments 
indicates that population growth may be the most 
challenging consequence of the combined projects. Po-
pulation is expected to increase 2.5 times its present

TABLE 2 

UINTA BASIN HIS ESTIMATED
SYNFUEL OIL PRODUCTION

(Barrels Per Stream Day) 

Shale Oil	 Tar Sand Oil 
High	 Low	 High	 Low 

Project	 Level	 Level	 Level	 Level 

Enercor: 
Rainbow 5,000	 5,000 
Mono Power 50,000	 15,000 
(P.R. Springs) 

Geokinetics 
Agency Down 23,000 11,000 
LOFRECO 50,000 20,000 

Magic Circle 31,500 16,400 
Paraho-Ute 42,000 10,500 
Sohio	 . 15,600	 5,000 
Syntana-Utah 57,000 16,500 
Tosco 44,953 24,000

Total	 248,453 98,400 70,600 25,000 

size in the Uinta Basin by 1995 if all nine projects are 
developed. The most significant impact to air quality 
was predicted to be from total suspended particulates 
(TSP). Most of the increase in TSP would be caused by 
population growth and related activities. Colorado 
Category I incremental limitations for sulfur dioxide 
could be exceeded at Dinosaur and Colorado National 
Monuments at the high level scenario. National Am-
bient Air Quality Standards for sulfur dioxide in Class I 
areas of Colorado could be exceeded due to the as-
sumed downwind synfuel developments in Colorado. 

The nine proposed projects would use 40,000 acre-feet 
per year water from the Green River and White River. 
However, an additional 92,000 acre-feet per year of 
water would be consumed by the increase in population 
and other interrelated projects. Total depletion 
(132,000 acre-feet per year) is estimated to result in a 
salinity increase in the Colorado River of 5 milligrams 
per liter downstream at Imperial Dam, California for 
1983 to 2000. 

The United States BLM preferred alternative identified 
in the EIS is to approve the rights-of-way necessary to 
develop the five projects studied on a site specific 
basis. The rights-of-way have been selected by the 
BLM and may not be those preferred by the developers. 
The preferred alternative for the other four projects 
was to defer approval until the proposed projects ma-
ture and site specific analysis are performed. 

-
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TABLE 1 

SUMMARY OF PROPOSED PROJECTS ANALYZED IN THE UINTA BASIN EIS 

Water Power Full Production Project Type Mine Type Source Source Process Type Upgrading Product Transportation Data/Project Lire 
Enereux Rainbow Tar Send Open Pit White Rivet Bonanza 1101 Water Delayed Coking Truck 1985 I 20 Years 

Power Plant 
Enercor-Mono Tar Sand Open Pit White River Bonanza Hot Water Delayed Coking Pipeline to Rail at Weatwater, 1990 / 20 Years Power (P.R. Power Plant Utah 

Springs) 
Magic Circle Oil Shale Underground Green River On Site Improved NTU/ Water Removal Pipelines to Roosevelt 1990 / 30 Years (Cottonwood Room & Pillar T3 Only (Chevron Pipeline, Gary Refinery 

Wash) Pipeline) 
Paraho-Ute Oil Shale Underground White River On Site Paraho Direct Natural Gas Pipeline to Chevron Pipeline 1987 / II Years 

Room & Pillar lIy*otreatlng 
Syntana-Utah Oil Shale Underground White River Bonanza Superior and Tonto Natural Gas Pipeline 80 Rangely 1994 / 38 Years 

Room & Pillar Power Plant lly*otreating 
Toeoo-Sand Oil Shale Underground White River Bonanza Tosco Fractionation Pipeline to Rangely 5989 / 35 Years Wash Room & Pillar Power Plant Hy'hotreating 
Geokinetica Oil Shale Underground Green River On Site Tosco Unknown Pipeline to Roosevelt 1987 / 30 Years Agency Drew Room & Pillar 

and In Situ 
Geokinetics Oil Shale In Situ None On Site In Situ Unlcnown Pipeline to Roosevelt 1994 / 18 Years LOFRECO 
Sohio Asphalt Tar Sand Open Pit Green River Utah Power Counter-Current Delayed Coking Pipeline to Salt Lake City or 1989 / 20 Years Ridge and Light Solvent Extraction and Hydro, United States Midwest 

treating
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WATER 

WATER MANAGEMENT IN THE 
SYNTHETIC FUEL INDUSTRY 

Water management for the synthetic fuels industry was 
described at the Coal Technology conference held in 
Houston December 7 through 9, 1982 by D. P. Heming-
way, J. A. Scher, and E. Wood. 

General 

A major cost of any synthetic fuel plant, up to 60 per-
cent for some, is the utilities and offsite systems. The 
primary system in the utilities is water management 
because it encompasses or interacts with many key 
process or utility units. The authors suggest that the 
water management system must be assessed, charac-
terized, and designed as an entity because it is interac-
tive and interrelated. Water management systems in 
the synC uels industry are almost always closed loop, 
i.e., there is no discharge into the surface waters. 

Water Management 

The authors propose that the entire water system at a 
plant can be treated as a process operation encompass-
ing a group of units. The water management system 
has inputs or sources of water which include surface or 
ground water and outputs which include evaporation, 
percolation, well injection, or surface discharge. With-
in the system itself are a number of uses such as 
cooling water, steam, potable water, etc., which re-
quire continual makeup to satisfy losses. Some of these 
uses also produce water which actually becomes part of 
the water source pool. Examples are retort water, gas 
quench or condensate, and cooling tower and boiler 
blowdown. The integration of inputs, outputs, and 
internal sources and was becomes the water manage-
ment system. 

According to the authors three main factors affect the 
composition of the water management system: cost, 
technical feasibility and regulations. Costs include 
water acquisition, pumping, and treating for recycle 
and disposal. Technical feasibility includes demon-
strated process performance and adaptation of existing 
technology to new applications. These two factors 
must be evaluated in the framework of environmental 
and other regulatory constraints. 

The major elements of creating a water management 
system presented by the authors are as follows: 

• Define all major project constraints. 

• Identify all water sources. 

• Establish all user water requirements. 

• Identify the quantities available from all 
sources and needed by all users for peak 
as well as average use.

Describe the water quality of the 
sources and that required by the users. 

• Specify details regarding plot plan, pipe 
size, pump selection, storage volume, 
equipment size, controls, etc. 

Soirees 

The authors state that availability and quality of water 
not only affects the site selection but also plays a 
major role in the process selection. Therefore, it is 
important that water management be viewed in the 
same light as hydrocarbon processing in the synthetic 
fuel industry. At one extreme, offsite water (defined 
as an input to the water management system) which is 
easy to treat must be purchased, whereas, at the other 
extreme, retort water may be available from the hydro-
carbon process but very difficult to treat. In consider- 
ing sources for the overall water balance, it is impor-
tant to balance the cost of acquisition against the cost 
of treatment. 

Offaite Water 

Regardless of - what synfuel process is used, offsite 
water must be obtained as a water source. Offsite 
water, which includes both surface and subsurface 
sources, is regulated in the western states and is 
acquired by purchasing water rights. Once water rights 
are acquired, offsite water can be considered a reliable 
source. One factor to be considered is the seasonal 
variation in stream flow. Depending on the location, 
many rivers can only be used during certain times of 
the year. This may necessitate acquiring and storing 
large quantities of water when there is either low user 
demand or abundant supply for use when water will be 
unavailable. 

Table 1 lists several general sources of offsite water 
available in the western United States and their comp-
ositions. 

Surface—Runoff 

Surface runoff is composed of precipitation runoff and 
leachates from solid residue piles. The authors state 
that precipitation runoff is a limited source that is 
unreliable. The quantity of water available from this 
source depends on seasonal, geographical, and climato-
logical factors. Precipitation runoff may not be avail-
able at all as a water source due to water rights. 

The authors warn that leachate from solid residues such 
as spent shale or coal ash may be untreatable and could 
pose problems in disposal because they may contain 
organics, salts, and toxic trace elements. Leachates 
must be collected and treated to remove organics, salts 
and trace elements that would contaminate surface or 
ground water. This water stream must be disposed if 
untreatable.

- 
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TABLE 1 

OFFSITE WATER SOURCES IN THE WESTERN UNITED STATES
(Milligrams Per Liter)

White San Juan Green Missouri 
River River, River River Colorado 

Colorado New Mexico Wyoming North Dakota River 

Alkalinity 80-170 390 394 436 
(as CaCO3) 

Carbonate 2- 11 0 0 
(as CaCO3) 

Bicarbonate 100-210 144 175 191 94 
(as HCO3) 

Aluminum 30- 50 
Arsenic 1 
Boron 40-250 
Calcium 33- 87 66 55 62 37 
Magnesium 7- 25 9.1 21 21 11 
Chloride 4- 45 14 24 
Potassium 1-	 5 
Silica 9- 17 11 5.7 9.3 6 
Sodium 6- 46 45 17 
Sulfate 31-200 168 164 176 43 

U.S. Public 
Health Potable 
Water Standard 

500 

0.01 

250 

250 

TABLE 2 

OIL SHALE MINE WATER
(Milligrams Per Liter Except pH) 

CB Mine Drainage Water 
Upper Lower Refer-

Mine Aquifer Mine Aquifer Reference X ence Y 

Bicarbonate 350-2,100 265-4,300 85-25,000 1,900 
Boron 0.2-	 11 0.05-	 12 - 0.5 
Calcium 5.4-	 52 4-	 28 - 7 
Carbonate 0-	 53 0-	 360 1- 2,000 - 
Chloride 4.1-	 151 1-	 700 - 25 
Fluoride 3.1-	 19 6.5-	 45 - 7 
Magnesium 4.2-	 54 1.9-	 29 - 5 
Silica 10-	 19 2-	 19 - - 
Sodium 200-	 780 143-2,320 - 834 
Sulfate 5-	 370 4-	 350 4-	 900 200 
Ammonia 1-	 1.8 17 0.1-	 200 - 
TDS 750-1,800 356-5,747 400-42,000 - 
pH 8.3-	 8.9 8.3-	 9.3 6.0-	 9.3 8.0 
Alkalinity - - 70-	 4,500 - 
Suspended Solids - - - 1,500

Note: "References" are from different projects and/or studies 
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Mine Water 

Mine water produced from in situ processes and mining 
operations is a combination of ground water that is 
dewatered from the surrounding aquifers and drilling 
flush water used in mining. Initially, mine water may 
be characterized by the groundwater composition in the 
aquifers where mining is taking place and the drill flush 
water composition. Drill flushing may add suspended 
solids and oil and grease to the mine water. The net 
quantity and quality of mine water is affected by the 
drill flush requirements, ventilation losses and exfiltra-
tion. Since it originates as ground water, mine water 
quality is site specific. Table 2 lists the composition of 
oil shale mine water. In coal mining, ground water 
availability will depend on the geographic location. 
Mine water may not be available as a source due to 
water rights, or the plant may be forced to treat and 
reinject it. 

Retort Water 

Retort water originates from mineral dehydration, 
combustion, condensed steam, and ground water intru-
sion (the latter is from in situ operations only). It is not 
classified as an external source but as a major recycl-
able process stream. The authors find that retort water 
may prove difficult to treat as it is frequently high in 
dissolved solids, suspended solids, dissolved gases and

organics. Table 3 lists the components and concentra-
tion of typical oil shale retort water. Even though 
retort water is an available stream, the authors warn 
that cost of treating it will limit its potential uses. 

Process-Condensate 

Process condensate is produced from both coal and 
shale and is a process dependent source. The quantity 
and quality of the condensate not only depends on the 
process used but also on the feed composition, the 
operating temperature and pressure, and the amount of 
steam and air supplied to the particular process. Gen-
erally, process condensate in synthetic fuels is charac-
terized by the authors as having high concentrations of 
ammonia, hydrogen sulfide, carbon dioxide, phenols, and 
other organics. 

In coal, process condensate is usually referred to as gas 
liquor. Table 4 lists compositions of process conden- 
sates for several different processes. Trace elements 
present in coal such as mercury, arsenic, cadmium, 
selenium, fluorine, and zinc volatilize during gasifica-
tion and end up in the water effluent after scrubbing. 

In shale in situ retorting, an of fgas condensate is pro-
duced that is high in ammonia, hydrogen sulfide, and 
organics and low in organic salts. Trace element 
mobility into the of fgas condensate must be eharac-

TABLE 3 

OIL SHALE RETORT WATER
(Milligrams Per Liter Except pH) 

In-Situ Typical AGR 
Reference 1 Reference 2 Reference 3 Reference 4 Reference 5 Reference 6 

TOS 1,750- 24,500 1,800- 2,400 30,600 490- 10,400 2,200-18,000 500-22,000 
TSS - - - - 80- 9,900 200- 2,000 
Carbonate - 0- 15,000 6,300 210- 2,500 1- 2,800 2,400-23,800 
Bicarbonate - 4,200- 74,000 26,100 3,700- 7,600 540-13,000 5,500-25,700 
Total Alkalinity 18,200-110,900 18,000-111,000 - 4,280- 9,300 540-14,700 - 
Sulfate - 40- 2,200 1,300 193- 1,900 110- 4,200 100- 5,900 
Chloride - - 4,050 25-	 540 20-	 810 0.1- 5,300 
Fluoride - - - 0.3-	 42 8-	 270 - 
Phenol - - - - 0.1-	 70 30-	 50 
Nitrate 1.4- 8.7 - - 120- 3,200 62- 1,200 - 
Oil and Grease - - - 240-	 810 10-	 410 - 
Sodium - - 650 60- 3,400 82- 4,400 290-	 430 
Potassium - - 40 1-	 98 3-	 97 30-	 40 
Arsenic - - 0.3 0.01- 0.12 0.02-	 5.2 - 
Iron 0.1- 68 - 0.5 - 0.5-	 150 - 
Magnesium - - 160 1-	 14 2-	 230 10-	 60 
Ammonia 1,700- 13,200 2,000- 13,000 12,200 - 0- 3,900 5,500-13,600 
Boron - - - 2-	 17 - - 
COD 8,500- 43,000 - - 2,000-18,300 - 17,000-19,000 
BOD 350- 5,500 - - - - 5,000-12,000 
pH 8.1- 9.4 - 8- 9.8 8.4-	 9.3 - 9-	 10

Note: "References" are from different projects and/or studies 
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terized because trace elements may volatilize during 
retorting. As in coal, they may end up In the offgas 
condensate after processing. Table 5 lists the composi-
tions of typical shale gas condensates.

TABLE 4 

COAL PROCESS CONDENSATE 
(Milligrams Per Liter Except pH) 

Coal Gasification	 Coal Liauef action 
Holston 

Lurgi Synthane Decanter 
Gas Liquor Condensate Water 

3,990-14,015 7,300 3,800 
4,200- 4,400 3,000 1,800 
1,765- 4,030 - - 
4,070-19,460 - - 

115-	 130 - - 
1,250- 1,670 - -

Synthoil 
Lurgi Alkaline H-Coal 

Gas Liquor Scrub Water Foul Water 

6,000-12,000 3,000 28,000 
6,000- 7,200 5,100 7,800 

1,600- 2,200 

Ammonia 
Phenols 
TDS 
Carbonate 
Sulfide 
Fatty Acids 
Suspended Tar 

and Oil 
Thiocyanate 
Chloride 
HOD 
COD 
TOC 
Hydrogen Sulfide 
pH 
Sulfur 
Cyanide

350-	 650 - - -	 - - 
6-	 15 25 440 -	 90 - 

40-	 45 - - -	 - - 
9,900-13,400 9,900 5,200 11,500-14,100	 14,000 - 

20,800-22,700 21,000 17,000 19,600-24,000	 27,000 360,000 
- 7,800 6,400 -	 7,300 - 
- - - 200-	 400	 - - 

8.3-	 9.6 9.0 8.2 -	 8.7 10.8 
- 200 1,300 -	 4,300 120,000 

2-	 4 1.0 20 -	 0.03 4.0 

TABLE 5 

OIL SHALE PROCESSING CONDENSATE
(Milligrams Per Liter Except pH) 

Reference A Reference B Reference C 

Alkalinity 25,000 19,800-24,400 26,800 
(as CaCO3 

Carbon Dioxide 18,900 - 
Ammonia 7,600 1,400- 2,400 
TDS 440-	 500 0-	 308 180 
TSS - - 20 
Carbonate - 2,200- 7,900 7,200 
Bicarbonate - 13,000-22,000 19,600 
Phenol - - 87 
Chloride - 260-	 590 34 
Sulfate 5.6 0.1-	 37 10 
Sodium - 1.1-	 32 5 
Fluoride - 0.4-	 0.7 34 
Nitrate - 130-	 280 1 
Thioeyanate - 0.05-	 12 
COD 2,300-3,800 3,000-11,000 
BOD 500 - 
pH 5.6 8.7-	 9.2

Note: "References" are from different projects and/or studies 

1-44	 SYNTHETIC FUELS REPORT, JUNE 1983 



Miscellaneous 

Other potential sources within the water management 
system are boiler and cooling water blowdowns, sani-
tary sewage treatment effluent, and oily sewer water. 
These sources, while not major, will have some impact 
on the overall water balance and must be included in it.

Uses 

Boiler Feedwater 

The authors have found that the purity requirements of 
boiler feedwater impose the greatest demand on the 
water treatment processes. The process steps required 
to produce boiler feedwater from a typical western 
Colorado river water with those required to produce the 
same quality water from high dissolved solids ground 
water in the same area are compared in Figures 1 and 
2. 

FIGURE 1 

SURFACE WATER TO BOILER FEED WATER 
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If necessary, the authors suggest that acceptable boiler 
feedwater from an organically contaminated process 
recycle stream can be produced using some or all of the 
process steps in Figures 3 and 4. Total dissolved solids, 
silica, sodium, hydrogen sulfide, ammonia, and organics 
are of concern. This option is also much more costly 
than Figure 1. However, some of the process steps 
shown appear in the process scheme, not just to treat 
water, but to improve overall plant yield. Others are 
required for environmental protection. The incremen-
tal cost of proceeding from an efficient, environmen-
tally acceptable water stream to boiler feedwater may 
actually be relatively small. 

Steam production will not consume as much water as 
the dissipation of low level heat in a cooling tower. 
The decision to include a cooling tower in the overall 
process scheme and its relative size should only be

made after consideration of several factors suggested 
by the authors, including 

• The availability of suitable makeup 
water. 

• The climatology of the plant site. 

• Process requirements. 

• Environmental factors. 

Conventional cooling water systems, in which recircu-
lating water is partially evaporated to dissipate heat, 
require fairly high quality makeup water. However, a 
shortage of adequate makeup does not necessarily pre-
clude the use of cooling water. The authors outline 
several alternatives to conventional towers: 

• The use of two water streams in the 
cooling water system. The first circu-

FIGURE 3 
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lates through the heat exchange equip-
ment in a closed loop and does not 
evaporate. The second stream consists 
of very low grade water which does not 
recirculate outside the cooling tower. 
This stream exchanges heat with the 
first and then evaporates to dissipate it. 

Another alternative takes advantage of 
the cooling tower's propensity to encour-
age microbiological growth. This option 
uses the cooling tower as a bio-treat-
ment facility. Specially designed heat 
exchange equipment would be necessary 
to permit this type of tower to function 
effectively without fouling. 

A third option would be to combine the 
above two alternatives. The authors 
believe this technique appears to have a 
lot of promise since it would permit the 
tower to function as both cooling tower 
and No-treatment facility without the 
risks of fouling inherent in Option 2. 
Contaminated condensate streams are 
excellent candidates for this service as 
long as they are not a source of hydro-
carbon or toxic chemical emissions from 
the tower fan stacks. 

Potable Water 

The authors have found that the most economical 
source of water for potable use is high quality (low 
TOS) surface or ground water. Ideally, potable water 
production should require only the removal of suspended 
solids and disinfection. When the available water 
source requires more complex treatment to meet regu-
latory standards, a totally separate (from utility water) 
distribution system strictly for potable water should be 
provided. 

Surface mining sites, spent shale piles, and coal ash 
slurry pits all share a common trait. When their useful 
life has ended, they will require restoration to a state 
environmentally equivalent to their original condition. 
In areas of the country where precipitation is scarce 
and infrequent, this implies the application of supple-
mental revegetation water. 

Regardless of what regulatory restrictions are imposed, 
revegetation water must be good enough to allow the 
growth of plants in the region. This places a practical 
upper limit on parameters like TDS and chlorides de-
pending on the permeability of the topsoil cover and the 
sensitivity ofthe plant species used. The pH should 
generally fall within the range of 6.0 to 9.0. Revegeta-
tion water must also be sufficiently free of toxic trace 
elements to preclude their entry into the food chain.

c!lLbPl!L 

The raw materials used to manufacture synthetic fuels 
all contain varying amounts of sulfur and nitrogen. If 
the processes being used result in the release of envi-
ronmentally significant quantities of SO2 and NOx, 
some form of effluent scrubbing will almost certainly 
be mandated. The particular methods of sulfur and 
nitrogen oxides emission controls selected will be speci-
fic to the plant and will be influenced by factors such 
as removal efficiency, scrubbing agent availability, and 
waste or by-product disposal. However, the quantity 
and quality of water required in this service will be a 
factor in process optimization and should receive care-
ful consideration early in the decision making process. 

One approach suggested by the authors which minimizes 
water use is a dry scrubber in which all the scrubbing 
liquid is evaporated. Since all waterborne solids end up 
in the stack gas, makeup water quality requirements 
are much less stringent. However, the dry scrubber 
requires some method of removing particulates from 
the flue gas downstream of the scrubber, which in turn 
may increase the capital cost of such a system above 
that of a comparable conventional water scrubber. 

Uth!ty andv ate 

Among the water uses least demanding of water quality 
are the utility and firewater streams. The only pre-
treatment required would be the physical removal of 
any suspended solids to limit mechanical problems with 
the pumping and distribution systems. The authors have 
found that membrane process brines and ion exchange 
rinsewater could be used as long as they meet the basic 
criteria of personnel and equipment protection. 

Solid Residue Control 

According to the authors, the end use which is least 
demanding of water quality is that which controls 
fugitive dust emissions from solid process residues. 
Spent shale wetting, gasifier ash slurrying, and in situ 
retort quenching all make excellent uses for those 
process water streams too contaminated to recycle. 

P!&o!.ai 

The authors have found that regardless of the best 
efforts of creative water management, almost any 
synfuel process will generate one or more water 
streams which are virtually impossible to recycle. For 
these streams, a properly designed, constructed, and 
operated waste disposal we can be a very cost-
effective alternative to capital-intensive treatment op-
tions. The authors warn that the decision to use a 
waste disposal well must be carefully considered. 
Other ultimate disposal options suggested by the 
authors are evaporation, percolation, and surface dis-
charge. None of these methods is inexpensive or 
technically attractive because of the possible require-
ment for "salt" removal; each must be evaluated on its 
merits for the particular application.

- 

- 

- 
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Percent
of 

Land Owner Acres Total 

Private 12,581,080 23.8 

State 
School Trust 3,627,128 6.9 
Recreation and Wildlife 253,319 0.5 

Sub-Total 3,880,447 7.4 

Federal 
Bureau of Land Management 22,074,731 41.9 
U. S. Forest Service 8,045,874 15.3 
Indian 2,283,953 4.3 
National Park Service 1,950,221 3.7 
Military 1,778,958 3.4 
Fish and Wildlife Service 101,696 0.2 

Sub-Total 36,235,433 68.8 
Total 52,696,960 100.0

RESOURCE 

UTAH'S PROJECT BOLD 

Project BOLD is the State of Utah's proposal to consoli-
date lands owned by Utah through a land exchange with 
the federal government. A report, "Project BOLD, 
Alternatives for Utah Land Consolidation and Ex-
change," published by Utah's Department of Natural 
Resources and Energy in September 1982, describes the 
land exchange proposal. The success of the exchange 
proposal will depend on legislation that is yet to be 
introduced in the United States Congress. A brief 
description of Project BOLD is presented as follows.

BOLD Process 

Consolidation of Utah's land holdings will require some 
form of equitable land exchange with the federal 
government. As a matter of interest, Utah is also 
concurrently seeking federal administrative action on 
Its application for selection of an additional 
223,000 acres of in-lieu lands or indemnity lands. These 
Indemnity lands were to be a part of the original grant 
but because of prior withdrawals, patenting, and home-
steading were unavailable to Utah. 

Perceived Need 

The State of Utah owns 3.6 million acres of land in 
Utah. This land was acquired by Utah as a "statehood' 
land grant and to a major degree consists of four 
sections (2, 16, 32, and 36) in each 36 square mile 
township. The land grant created a "checkerboard" 
pattern of state and federally-owned lands. Over 
85 percent of the total State of Utah land holdings now 
exist as isolated square mile sections. Table I summa-
rizes the land ownership in the State of Utah. The 
scattered land holdings present Utah with extremely 
difficult land management problems. In addition, the 
uses of the surrounded and isolated blocks of Utah land 
are esentially controlled by the activities of federal 
land managers. The present land ownership pattern has 
frequently led to conflicts between the state and 
federal government over the use of specific lands. 
Utah believes that it could more effectively manage its 
lands if they were consolidated into larger blocks. 

TABLE 1

STATE OF UTAH LAND OWNERSHIP

Project BOLD grew out of initial discussions between 
Utah's Governor Matheson and United States Secretary 
of Interior Watt on land use policies. Development of 
the project began in the spring of 1981 when the 
Governor commissioned a steering committee. The 
Board of State Lands and Forest has a primary policy 
making role. A project coordinator from within the 
Department of Natural Resources and Energy helped to 
complete the project. The Utah Legislature worked 
closely with the Coordinator and the Steering Commit-
tee to assure adequate input prior to legislative consi-
deration of the proposal. The primary objectives of 
Project BOLD are to: 

• Improve the land management potential 
of both state and federal lands. 

• Eliminate unnecessary federal/state con-
flicts generated by the existing owner-
ship patterns. 

• Facilitate the management of state 
lands by consolidating scattered state 
sections into new blocks of state land. 

The State of Utah believes that by consolidating land-
holdings the full range of multiple use land management 
can be considered which should substantially increase 
financial return to the school fund. 

The process for developing Project BOLD is loosely 
modelled after the National Environmental Policy Act 
(NEPA) environmental impact statement requirements. 
As such, public review and input is a key factor in the 
process. Public comment on Project BOLD has helped 
define concerns from the county government level 
where local government revenue and access to federal 
land may be impacted to ranchers concerned about loss 
of grazing rights and improvements to mining compan-
tea concerned about mining claims and mineral leases. 
The State of Utah requested that the public review of 
Project BOLD be focused on two primary issues: 

• Selection of lands that are appropriate 
for state acquisition. 

• Definition of legislative actions to as-
sure that existing rights are protected 
and that the public will enjoy maximum 

- 
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benefit from the exchange of state and 
federal land. 

Mineral Issue 

Exchange of state and federal land becomes very com-
plex when considering pre-existing mining claims, 
leases, and licenses. The state mineral policy is a 
mineral leasing/royalty policy whereas the federal pol-
icy is a location/discovery policy for locatable minerals 
and a leasing/royalty policy for leasable minerals. Title 
to federal mining claims included in lands acquired by 
the state would not be transferred to the state as long 
as the claims were valid. State mineral management 
systems for acquired land could include a system which 
parallels the federal system. In any event, the prime 
objective will be to protect the pre-existing mining 
right and provide for consideration of multiple use. 

Oil shale and tar sand claims would convert to state 
preference right leases, a situation that Utah views as 
beneficial to the oil shale and tar sand claims owners. 
Utah believes that under the state preference right 
lease oil shale and tar sand claims could be developed. 
Validity disputes over federal unpatented oil shale and 
tar sand claims could on the other hand drag on 
indefinitely. 

One alternative for solving the mineral estate problems 
and valuation would be to unitize all state and mineral 
ownership in areas that would be exchanged. Within the 
unitized areas, the minerals would be managed by one 
entity and the revenues distributed in consideration of 
the proportional land ownership by the state and federal 
government. Unitization could be multi-mineral or 
single mineral. Unitization could apply to relatively 
small areas such as coal fields or to all coal in the 
state. Unitization would avoid the gamble of exchang- 
ing existing mineral lands for less valuable lands by 
both the state and federal government. 

Comparative Value 

The Project BOLD land exchange faces the critical 
issue of determining comparative value and equalizing 
values to ensure that the exchange is fair. Detailed 
land appraisal such as required under the Federal Land 
Management Policy Act (FLPMA) was judged by Gover-
nor Matheson to be inappropriate for the magnitude of 
the exchange proposed. Rather, Project BOLD would 
substitute Congressional approval of the exchange for 
the valuation procedures of FLPMA. In this way the 
endless appraisals and counter-appraisals which have 
plagued other exchange efforts would be avoided. Pro-
ject BOLD proposes that methods for determining land 
value on a broad scale must be developed. Where 
"comparable sales" data are available, it could be uti-
lized as the preferred appraisal technique. Valuation 
based on "fair market value" of bare land is forecasted 
as impractical by Project BOLD as the wide diversity of 
land and the knowledge of the lands themselves could 
lead to "unfair" exchanges. Another approach to valua-
tion could be based on an income method, wherein the 
appraiser would be concerned with the present value of 
the potential future net income from properties. More 
troublesome in valuation considerations are "scenic 
areas" which may possess very little income potential

but still have an unquantifiable value. Such areas could 
be valued on a qualitative basis rather than a quantita-
tive basis. Project BOLD projects that the most 
feasible valuation procedure would be a mix of quanta-
tive and qualitative valuations dependent on specific 
land characteristics. The United States Congress will 
have the ultimate responsibility of determining if the 
proposed exchange is "fair" for either the state or 
federal governments. 

State Lent identified for 
Acquisition 

Project BOLD includes a description of the land areas 
which Utah is considering for acquisition. So far two 
alternatives have been delineated for review by the 
public. It is anticipated that the formal request to the 
federal government will consist of a mixture of the two 
alternatives based on public comment and input. 
Table 2 is a listing of the parcels and acreages for each 
of the two alternatives. Alternative A would result in 
the exchange for and consolidation of approximately 
2,104,343 acres while Alternative B would result in con-
solidation and exchange for 2,068,823 acres. 

For further information on Project BOLD contact: 

Project BOLD 
State of Utah Department of Natural 

Resources and Energy 
1636 West North Temple 
Salt Lake, City, Utah 84116 

TABLE 2

POTENTIAL STATE LAND ACQUISITIONS 

Tract	 Tract 
Number Alternative A	 Acres Number	 Alternative B	 Acres 

1	 Rich County	 170,583	 I	 Rich County	 070,583 
2	 Lakeside	 21,250	 2	 Lakeside	 21,250 
3	 salt Flats	 15,360	 3	 Salt Flats	 15,360 
4 Stansbury Flats	 8,000	 4 staasbury Flats	 8,000 
5	 Price-Helper	 4,160	 5	 Price-Helper	 4,160 
6	 Diamond Mountain	 160,000	 7	 Asphalt Ridge	 5,310 
7	 Asphalt Ridge	 5,310	 8	 Lake Mountain	 16,640 

Lake Mountain 	 16,640	 10 Fountain Green	 8,960 
9	 West Mountain 	 7,680	 Il	 Uintah Basin	 112,160 

11	 Ulntah Basin	 132,160	 12	 West Desert I 	 102,400 
03	 Oak City 18,240	 13	 Oak City	 18,240 
14	 Central Utah	 122,080	 14	 Central Utah	 222,080 
15	 Book Cliff,	 16,640	 15	 Book Cliffs	 16,640 
iSA Book Cliffs North 	 62720	 ISO Book Cliffs East	 128,960 
18 Thompson Canyon	 25,600	 1$ Thompson Canyon	 25,600 
17	 West Desert 11	 206,080	 II	 Fremont	 137,600 
II	 Fremont Junction	 137,600	 19	 Bartlett Fiat	 169,600 
19	 Bartlett Fiat	 169,600	 20	 Castle/Spanish Valleys 56,960 
20	 Castle/Spanish Valleys 56,980	 II	 Parker Mountain	 308,480 
21	 Parker Mountain 	 108,480	 22	 Widtsoe Junction	 13,440 
22	 vidtsoe Junction 	 13,440	 23	 Kaiparowits	 325,760 
24 Cane Spring Desert 	 31,360	 24 Cane Spring Desert	 31o360 
25	 Dlanding	 21,120	 25	 Blending	 21,120 
28	 AIton/Kolob	 154,241	 27	 Short Creek	 7,680 
28	 Factory Butte	 20,480	 29	 Wildcat Mesa	 58,320 
30 Grand Flat	 20,480	 31 Grand Flat 	 20,480 
31	 Minersville Reservoir 10,880	 31	 Mlnersville Reservoir 10,880 
33	 Buckskin Valley 	 67,200	 32	 Piute Reservoir	 12.800 

Total	 2,104,343	 2,068,823 
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RECENT GENERAL PUBLICATIONS 

American Petroleum Institute, API Position Statement, "Government Financial Incentive Programs for Synthetic 
Fuels." 

California Energy Commission, "Petroleum Logistics: Movement of Oil to California," September 1982. 

Canadian Standards Association, "Gas Pipeline Systems, Pipeline Systems, and Materials," April 1983. 

Colorado Energy Research Institute, "Colorado Energy Statistical Abstract." 

Congressional Budget Office, "Reducing the Deficit: Spending and Revenue Options," February 1983. 

Department of National Development and Energy, "Energy Forecasts for the 1980s." 

Electric Power Research Institute, 11 1982 Annual Report." 

Energy Resources Conservation Board, "Energy Requirements in Alberta 1981 to 2005," September 1982. 

*Energy Systems and Policy, "Air-Quality Impacts and Issues of Energy Development in the Western United States." 

Environmental Protection Agency, "Preliminary Perspective on Pure Methanol Fuel for Transportation." 

EPRI Journal, "How Power Options Stack Up," March 1983. 

Exxon Research and Engineering Company, "Putting the White Rabbit into the Hat: The Corporate Role in Basic 
Energy Research," January 12, 1983. 

Exxon Corporation, "Full Circle?," presented at 31st Annual Business Management Conference, Chicago, Illinois, 
April 5, 1983. 

General Motors Research laboratories, "United States Automotive Fuels-1982 Shapes a New Outlook," October 18, 
1982. 

International Energy Agency, "Energy Research, Development, and Demonstration," Annual Report, 1981/1982. 

Institute of Gas Technology, "Non-Petroleum Vehicular Fuels III," Symposium Papers, Arlington, Virginia, October 
12-14, 1982. 

James, Bernard A., "Canadian Programs to Investigate and Encourage Alternate Vehicle Fuels." 

Bentz, Edward J. Jr, et al, "Overview of South African Alternate Transportation Fuels Program—Pro-
duction and End Use." 

Thompson, J.K.L., "Recent British Developments in Alternative Vehicle Fuels." 

Baer, Brent I., "Synthetic Fuel: Brazil's International Application." 

Duhl, Robert W., et al, "Coproduction of Alcohol Blends—Methanol's Opportunity for Vehicular Fueling." 

Gopalakrishnan, K. V., et al, "Alcohols as Diesel Engine Fuels." 

Ecklund, E. Eugene, at al, "Alcohol Fuel Use in Diesel Transportation Vehicle." 

Alson, Jeff, et al, "Emissions and Energy Efficiency Characteristics of Methanol Fueled Engines and 
Vehicles." 

Eckland, E. Eugene, "Alternative Transportation Fuels: Charting a Cathartic Course to Commercializa-
tion." 

Britell, C. James, "Concerns of the Federal Highway Administration on the Use of Alternative Fuels." 
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Donakowski, Timothy 0., at al, "The Effect of Price Uncertainties on the Fuel Selection Decision: The 
User's Dilemma." 

'Jefferson, E. G., "Shifting Energy Priorities," presented at the Conference Board, New York, January 12, 1983. 

'Knudsen, Chris, W., "Synthetic Fuels: Coal and Oil Shale Readiness," presented at the 1983 Energy Resources 
Technology Conference (ASME), Houston, Texas, January 30-February 3, 1983. 

• Lantzke, Dr. Ulf, "Global Energy Politics," presented at the Conference Board, New York, January 12, 1983. 

Mares, Jan W., "Statement on Fossil Energy," before Sub-Committee on Appropriations of Interior and Related 
Agencies, April 20, 1983. 

Mernard, Holger, at al, "Development of a Pure Methanol Fuel Cu." 

Natural Resources Center, "Natural Resources Journal," Volume 23, January 1983. 

'Ray, George F., "Energy and the Long Cycles," Butterworth & Company Publishers, 1983. 

Schulze, William 0., at al, "The Economic Benefits of Preserving Visibility in the National Parklands of the 
Southwest," Environmental Protection Agency project. 

Sherry, Edward V., "Nero Symposium on Energy Taxes," presented February 15, 1983, Dirksen Senate Office 
Building, Washington, D.C. 

'Union Oil Company of California and United States of America, "Agreement," No. DE-FX-01-81FE55002, July 29, 
1981. 

'United States of America, Lou Guarantee Agreement, "Great Plains Gasification Associates," Contract No. 
DE-FM 01-82FE55014. 

United States Department of Energy, "Comprehensive Energy Emergency Response Procedures," presented to 
Congress, December 31, 1982. 

United States Environmental Protection Agency, "RCRA Risk/Cost Policy Model, Phase 2 Report," January 1983. 

Upper Colorado River Commission, "Thirty fourth Annual Report," Salt Lake City, Utah, September 30, 1982. 
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COMING EVENTS 

JUNE 1-3, CALGARY, ALBERTA—Enhanced Oil Recovery by Chemical Floods, seminar. 

JUNE 5-8, CALGARY, ALBERTA-66th Canadian Chemical Conference and Exhibition, Chemical Conference. 
Special sessions include environmental impact of oil and coal industry. 

JUNE 6-7, PITTSBURGH, PENNSYLVANIA-5th Annual USDOE Symposium, Industrial Coal Utilization. 

JUNE 6-7, ARLINGTON, VIRGINIA—Coal Outlook conference, International Coal Trade. 

JUNE 6-10, KANSAS CITY, MISSOURI—Seminar, Applications of Decision Analysis for Fuel Planning. 

JUNE 7-8, ALBUQUERQUE, NEW MEXICO—Department of Energy and Sandia National Laboratories sponsoring In- 
Situ Oil Shale briefing. 

JUNE 7-9, WINDSOR—Energy, Mines and Resouces (Canada) and United States Department of Energy, Alternative 
Fuels Contractors' Coordination Meeting Workshop. 

JUNE 12-15, TORONTO, ONTARIO—Symposium at University of Toronto, The Role of the Interface in Energy 
Resources Processing- Coal, Oil Sane and Heavy Oils. 

JUNE 13-15, AMSTERDAM, THE NETHERLANDS—Bulk Systems International Conferences, 4th Annual Bulk 
Handling and Transport. 

JUNE 13-16, LONDON, ENGLAND—International Gas Union, Gas Research Institute, American Gas Association, 
Inc., and USDOE sponsoring International Gas Research conference. 

JUNE 15-18, HOT SPRINGS, VIRGINIA—National Coal Association's 66th Anniversary Convention. 

JUNE 19-22, CORONADO, CALIFORNIA—Argonne National Laboratory, Department of Energy, and Office of 
Fossil Energy sponsoring 1983 symposium on Instrumentation and Control for Fossil Energy Processes. 

JUNE 20-22, SAN DIEGO, CALIFORNIA—California Society for Control and Instrumentation of Energy Processes, 
Seventh Symposium on Instrumentation and controls for Energy Processes. 

JUNE 23-24, EAST BRUNSWICK, NEW JERSEY—Center for Professional Advancement, Heavy Oils Processing for 
Yield Improvements. 

JUNE 27-28, TORONTO, ONTARIO—Center for Professional Advancement, Heavy Oils Processing for Yield 
Improvement. 

JUNE 27-JULY 1, GATLINBURG, TENNESSEE—USDOE, Oak Ridge National Laboratory, and American Chemical 
Society sponsoring 3rd Symposium on Separation Science and Technology for Energy Applications. 

JUNE 27-JULY 1, GENEVA, SWITZERLAND—UN Economic Commission for Europe's Chemical Industry Committee 
seminar on Chemicals from Synthesis Gas. 

JULY 3-16, CRETE, GREECE—NATO Institute on Magnetic Resonance Techniques in Fossil Energy Problems. 

JULY 13-15, AUGUST 3-5, GOLDEN, COLORADO—Mineral Economics Department Colorado School of Mines, 
Supervisory Skills for the Energy and Mineral Industry. 

JULY 15-19, TORONTO—International Association for Hydrogen Energy, Fifth World Hydrogen Energy Conference. 

JULY 20-22, GOLDEN, COLORADO—Colorado School of Mines, Management Skills for the Mineral and Energy 
Industry. 

JULY 21-23, VANCOUVER, BRITISH COLUMBIA—Rocky Mountain Mineral Law Foundation is sponsoring the 29th 
Annual Rocky Mountain Mineral Law Institute. 

AUGUST 2-5, LARAMIE, WYOMING—Laramie Energy Technology Center CONFAB 83 (Government, Industry, and 
Academic Technical Conference) on Fossil Fuel Chemistry. 

AUGUST 7-10, MORGANTOWN, WEST VIRGINIA—Morgantown Energy Technology Center Ninth Annual Sympo-
sium, Underground Coal Gasification. July 8 is the deadline for camera-ready copy of papers due to METC. 
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AUGUST 9-11, PITTSBURGH, PENNSYLVANIA—University of Pittsburgh, Tenth Annual International Conference 
Coal Gasification, Liquefaction, and Conversion to Electricity. 

AUGUST 15-19, PITTSBURGH, PENNSYLVANIA—International Energy Agency, International Conference on Coal 
Science. 

AUGUST 21-26, ORLANDO, FLORIDA—American Institute of Chemical Engineers 18th Intersociety Conference, 
Energy Conversion Engineering. 

AUGUST 22-26, BEIJING, PEOPLE'S REPUBLIC OF CHINA—First International Symposium, Fluidized Bed 
Combustion and Applied Technology. 

AUGUST 23-27, SAN FRANCISCO, CALIFORNIA—National Aeronautics and Space Administration, Energy Re-
source Management 183. 

AUGUST 28-31, DENVER, COLORADO—AIChE'S Summer 1983 National Meeting. Topics of special interest are: 

• Feedstock and Energy Supply (Demand and Outlook) 
• Managing Interface Between Government and Industry in Synfuel Projjects 
• Environmental Aspects of Synfuel Proects 
• Managing Major Synfuel Projects 
• Future of Synfuel Projects 
• Western Coal Utilization 
• Underground Coal Utilization 
• Solid Waste Disposal 
• Coal-Water Slurry Systems: Technology and Economics 
• OR Shale and Tar Sands Development (Technology and Economics) 
• Environmental Considerations in Oil Shale and Tar Sands Development. 

AUGUST 28-SEPTEMBER 2, WASHINGTON, D.C.-186th American Chemical Society National Meeting. 

AUGUST 28-SEPTEMBER 2, LONDON, ENGLAND—World Petroleum Jubilee Congress, World Petroleum Congress. 

SEPTEMBER 6-9, SINGAPORE—lst International Energy Exhibition for Southeast Asia, Asian Energy 183. 

SEPTEMBER 19-23, NEW DELHI, INDIA-12th World Energy Conference, World Energy. 

OCTOBER 2-4, CALGARY, ALBERTA-35th Canadian Conference, Coal. 

OCTOBER 4-6, AKRON, OHIO—American Flame Research Committee, 1983 International Symposium, Combustion 
Diagnostic Techniques from the Coal Bunker to the Stack. Technical sessions are: 

• Effects of mineral matter on combustion equipment performance 
• Fuel preparation effects 
• Flame studies 
• Combustion modeling techniques 
• Diagnostic tools. 

OCTOBER 5-8, SAN FRANCISCO, CALIFORNIA-58th Annual Society of Professional Engineers, Technical 
Conference and Exhibition. 

OCTOBER 24-25, GOLDEN, COLORADO—Colorado School of Mines, Heavy Oil Processing. 

OCTOBER 24-26, LEXINGTON, KENTUCKY—International Coal Testing Conference. 

OCTOBER 30-NOVEMBER 4, WASHINGTON, D.C.—AIChE Annual Meeting and Diamond Jubilee. 

NOVEMBER 1-3, GOLDEN, COLORADO—Colorado School of Mines, Mineral Economics Department, Energy and 
Minerals Simulation Modelling. 

NOVEMBER 1-3, WASHINGTON, D.C.—Third Worldwide Symposium, Synfuels. 

NOVEMBER 7-9, Colorado School of Mines, Mineral Economics Department, Economies of Minerals and Energy 
Projects.
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NOVEMBER 13-16, LEXINGTON, KENTUCKY—Kentucky Energy Cabinet and the University of Kentucky 1983 
Eastern Oil Shale Symposium. Camera-ready manuscript deadline is October 3, 1983. 

NOVEMBER 15-17, HOUSTON, TEXAS-6th International Coal Technology Exhibition and Conference, Coal and 
Lignite Utilization. 

NOVEMBER 15-17, BAKERSFIELD, CALIFORNIA-2nd Annual Pacific Coast Oil Show and Conference. Exhibits 
ranging from: exploration, drilling, production, plpelining, refining, petrochemical, and communications. 

NOVEMBER 30-DCEMBER 2, ALTANTA, GEORGIA—Association of Energy Engineers, 6th Congress, World Energy 
Engineering. 

DECEMBER 6-8, BALTIMORE, MARYLAND—Baltimore Gas and Electric Company and The Energy Information 
Institute, Inc., conference and exposition, Mid-Atlantic Energy. 

FEBRUARY 12-16, NEW ORLEANS, LOUISIANA—American Society of Mechanical Engineers Conference, Energy 
Sourcas Technology. 

FEBRUARY 14-16, GOLDEN, COLORADO—Colorado School of Mines, Mineral Economies Department, Energy and 
Minerals Simulation Modelling. 

MARCH 15-16, GOLDEN, COLORADO—Colorado School of Mines, Chemical and Petroleum-Refining Department, 
Heavy Oil Processing. 

MARCH 20-23, LAKE TAHOE, NEVADA-9t1, International Technical Conference, Slurry Transportation. 
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PROJECT ACTIVITIES 

STATUS OF OIL SHALE PROJECTS THAT APPLIED 
UNDER THE SFC'S THIRD SOLICITATION 

At the May 26, 1983 meeting of the Board of Directors 
of the United States Synthetic Fuels Corporation (SFC) 
the Paraho-Ute project was advanced in Phase II nego-
tiations under the third solicitation. A second oil shale 
project, Cottonwood Wash, was dropped from further 
consideration under the third solicitation. Two other 
oil shale projects, American Syncrude and Means, are 
still undergoing the SFC's project strength review. In 
earlier actions, the SFC advanced four oil shale 
projects and dropped five-others (see page 2-1 of the 
March 1983 Pace Synthetic Fuels Report). The status 
of the 13 oil shale projects that applied to the SFC 
under the third solicitation are summarized in Table 1. 
Additionally, the status of all projects that applied to 
the SFC under all solicitations are shown in Figure 1 of 
the article entitled "SFC Advances Eight Projects, 
Transfers Two, and Drops Eight Others" in the General 
section of this issue. Brief descriptions of the seven oil 
shale projects that have not been dropped by the SFC 
also appear in the same article in Tables 1 and 2. 

TABLE 1 

STATUS OF OIL SHALE PROJECTS THAT 
APPLIED TO THE SFC UNDER THE

THIRD SOLICITATION 

Projects Advanced Projects Undergoing Projects Dropped 
Into Phase II	 Strength Review	 from Consideration 

Cathedral Bluffs American Syncrude Pacific (withdrawn) 
Union Oil Para-	 Means Silmon Smith 

chute Creek U. S. Shale 
Seep Ridge Wolf Den 
White River Edwards Engineerin 
Paraho-Ute Cottonwood Wash

COMMERCIAL DEVELOPMENT OF PETROSIX 

The commercial development of the Petrosix process 
has been described recently in two papers. The first 
paper, presented at the 28th National Symposium for 
Chemical Technicians entitled "Oil Shale Technology in 
Brazil" by V. Rezende, Petrobras, and Ed Piper, Stone 
and Webster provides a very detailed description of the 
development of the Petrosix process and of the pro-
posed new 50,000 barrels per day commercial plant. 
The second paper "American Syn Crude Adaptation of 
the Petrosix Process" by Messrs. H. H. Addington, J. P.

Humphrey, American Syncrude, and Ed Piper, Stone and 
Webster was presented at the Synthetic Fuels from Oil 
Shale and Tar Sands Symposium and field trip at Louis-
ville, Kentucky. 

Petrobras Brazilian Operation 

A 2,200 tons per day demonstration plant, UPI, located 
in Sao Mateus do Sul has been in operation since 1972. 
The longest continuous operating cycle to date has been 
4,000 hours. 

Based on the successful operation of the UPI, Petrobras 
decided to complete a basic design and cost estimate 
for a 50,000 barrels per day commercial plant. Con-
struction plans were submitted to the Brazilian govern-
ment and approved. However, due to the world econo-
mic situation which seriously affected Brazil, the con-
struction of the 50,000 barrels per day plant was post-
poned temporarily. 

As conceived, the plant would consist of ten operational 
units: 

U-100 Mining 
U-200 Solids Handling 
U-SOD Retorting 
U-400 Gas Treating 
U-SOD Oil Pre-Treating 
U-600 Oil Transfer and Storage 
U-700 Utilities 
U-BOO Auxiliary Systems 
U-900 Maintenance 
U-bOO Administration

The plant will be built in two stages, with each stage 
designed for 50 percent of the total capacity. 

There will be two mines, one for each stage. Solids 
handling installations for each unit are identical and 
designed for 2,700 tons per hour of oil shale. The 
retorting section will consist of 20 units distributed in 
pairs with each pair called a module. Gas treating uses a 
conventional DEA absorption process. The oil treating 
unit was designed to process the component oil to 
produce fuel oil for the plant and a better feed for 
hydrotreating. Utilities provides utility requirements for 
the whole plant. Oil transfer and storage provides 
storage for such products as LPG, naphtha, fuel oil, and 
intermediate stocks. Auxiliary systems include flare 
system, pipe ways, and effluent treating. Maintenance 
and Administration would provide support for the whole 
plant. 

Total estimated cost for the plant is presented in 
Table 1. 

While the commercial plant has been postponed, Petro-
bras has decided to build a complete single industrial 
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TABLE 1 est during construction.	 American Syncrude has re-
quested price supports or loan guarantees from the 
United States Synthetic Fuels Corporation. 

TOTAL CAPITAL INVESTMENT 
(Million United States Dollars) 

First Second 
Stages Stage 

Oil Shale Plant	 1,148 2,001
SPP/CPM PROJECTS Pipeline	 50 51 

1-lydrotreating	 - Since 1973, Southern Pacific Petroleum (SPP) and its 
Total	 1,198 2,218 affiliate company, Central Pacific Minerals NL (CPM) 

have directed their activities toward the development 
Cost in Cruzeiros (%)	 87 84 of oil shale.	 Initially work was conducted in Queens-
Foreign Purchases (%)	 13 16 land, Australia and more recently in the United States, 

Luxembourg, Germany, and France. 

1.	 Brazilian taxes (imports, sales) not in- The main focus of the company's activities has been: 
eluded. Project is to be tax exempted. 

2.	 Values for January 1981. S	 The Means oil shale project, Kentucky, 
U.S.A. 

•	 The Condor oil shale project 

module of 2,600 barrels per day capacity. 	 Operation of S	 The Rundle oil shale project 
this module is scheduled for mid-1985.

•	 The Yaamba oil shale project 
This plant is to be located at the existing UPI site. 
Current status of the plant is as follows: •	 The Luxembourg oil shale project

• Retort: Purchase order issued. 
• Electrostatic Precipitator: Purchase 

order issued. 
• Cyclones: Purchased, under fabrication. 
• Air-Cooler: Purchased, under fabrica-

tion. 
• Gas Heater: Request for quotation is-

sued, awaiting proposals. 
• Compressor: Rquest for quotation issued, 

proposal being evaluated. 
• Petrosix Engineering- Contract under ne-

gotiation. 
• Gas Treatment: Design and engineering 

contract under negotiation. 
• Solids Handling Unit: Design and engi-



neering contract under negotiation. 

American Syn Crude Development Program 

The third phase of the American Syncrude development 
program is the design and engineering of a commercial 
oil shale plant. American Syncrude has selected the 
Petrosix technology for their plant. Daily production, 
based on Petrobras data, is 4,160 barrels per day shale 
oil, 10.3 million standard cubic feet per day of gas, and 
86 long tons per thy of sulfur. The overall capital cost 
has been estimated at $228 million (1982 basis). In as 
spent dollars (1983-1988) this equals $335 million, as-
suming a 75/25 debt to equity ratio, 13.5 percent inter-

S Research. 

Means Oil Shale Project 

During 1982, and in early 1983, SPP/CPM have pro-
gressed exploration, engineering and evaluation studies 
of this project to the point at which a formal submis-
sion has been lodged with the United States Synthetic 
Fuel Corporation, in accordance with the SFC require-
ments under the third solicitation for such submissions. 
The Means project application was one of only two 
Eastern oil shale projects to pass the SFC Phase I 
maturity tests. 

The project is designed to produce 13,400 barrels per 
day of upgraded shale oil suitable as feedstock to the 
United States refinery system for further processing. 
The Dravo Circular Travelling Grate has been selected 
as the retorting technology. 

Capital cost, which has been estimated by Dravo Cor-
poration and currently being further refined, is esti-
mated to be approximately $1 billion. 

Condor Oil Shale Project 

The Condor Feasibility Study Agreement was signed 
with the Japan Australia Oil Shale Corporation 
(JAOSCO) in December 1981. 

A substantial drilling program commenced immediately 
to prove and extend the reserves of oil shale, to obtain

- 
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samples for process investigation and to carry out 
geotechnical and hydrological studies. A total of 90 
holes were drilled as of December 1982, for a total 
length of 14,718 meters. 

Shale samples have been shipped to various retort 
licensors as part of a pilot scale retort testing program. 
Results are currently being analyzed. 

Rundle Oil Shale Project 

A wide ranging study program is underway with work 
expected to be completed in early 1985. The work is 
planned to show whether the participants should pro-
ceed directly toward a commercial plant. 

During 1982, the study progressed substantially on sche-
dule and has involved expenditures of more than $1 
million (Australian) per month. 

Major achievements in 1982 were completion of retort 
tests at two licensors' pilot plants, one by Dravo 
Corporation and the other by Tosco. Bench scale tests 
have been performed on a fluid bed retorting process 
devised by Exxon. A review of retorting processes is 
scheduled for July 1983. 

Yaamba Oil Shale Project 

Exploratory drilling was carried out in the Yaamba, 
Herbert Creek, and Rossmoya prospect areas. A pre-
feasibility study into the mining and infrastructure 
aspects associated with mining and processing of the 
Yaamba oil shales commenced in 1982 and is scheduled 
for compleition by mid 1983. 

Luxembourg Oil Shale Project 

Under a joint venture with Arbed S.A., exploratory 
drilling was completed in 1982 and is planned to con-
tinue during 1983. Six core holes totalling 477 meters 
were drilled in the western half of the prospect area. 
The oil shale seam ranged in thickness from 48 to 51 
meters, and the shale oil grade ranged from 32 to 31 
liters per ton, moisture free. Beneficiation studies are 
being conducted at the Universite' Catholique de 
Louvain in Belgium. 

Additional explorations are being conducted in several 
European countries including France, Spain, and Ger-
many. 

Research 

Research activities were expanded during 1982 with 
Australian and overseas universities and other research 
organizations, particularly the University of Queens-
land. Projects emphasize the major areas of beneficia-
tion, kerogen conversion, and oil upgrading.

GEOKINETICS BEGINS REFINING SHALE OIL 

As reported in the December 1982 issue of the Pace 
Synthetic Fuels Report, Geokinetics Inc. was =ea 
$6,285,000 contract by the Department of Defense to 
refine 82,000 barrels of crude shale oil products meet-
ing military specifications. Forty-eight thousand bar-
rels would be supplied by the Defense Fuels Supply 
Center (DFSC) from their stock pile at Anvil Points, 
Colorado, and 34,000 barrels would be supplied by Ceo-
kinetics. 

Refinery operations are described in a paper "Producing 
Jet Fuel from Oil Shale" by J. M. Lakes of Geokinetics 
at the Synthetic Fuels from Oil Shale and Tar Sands 
Symposium and field trip in Louisville, Kentucky (May 
17-19, 1983). 

Refining operations scheduled to begin in March 1983 
have begun and are expected to continue for 
6.5 months. During this time Geokinetics expects to 
produce a minimum of: 

• 43,000 barrels of JP-4 
• 1,500 barrels of DF-2 
• 300 barrels of gasoline. 

The Caribou refinery has a capacity of 8,000 barrels per 
thy. Normal refinery feedstock is a low sulfur, high 
gravity crude oil. Processing units are a crude distilla-
tion unit, a hydrocracker and reformer. The hydro-
cracker's rated capacity is 1,000 barrels per day. Hy-
drogen for the hydrocracker is supplied by the re-
former. The hydrocracker is a Union Oil Unicracker 
design. 

To process the shale oil, a number of modifications 
were made. These included a hydrogen plant, two 
hydrotreater reactors and a guard bed, and additional 
storage and blending tanks. 

Crude shale oil will be charged in batches of 
30,000 barrels, because of storage limitations, to the 
distillation unit where the highest boiling fraction (ap-
proximately 20 percent of the feed) will be separated 
and sold as heavy fuel oil. The 24,000 barrels of 
distillate product will be processed twice through the 
hydrotreater section of the refinery. After the second 
pass, the hydrotreated oil will be fed to the hydro-
cracker section and on to the fractionator. 

The fractionator will separate the reactor effluent 
material into the desired boiling range products which 
are sent to product storage.

- 
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CORPORATIONS 

SO OPENS RESEARCH SITE 

Southern Indiana Shale Oil company (SISO) has con-
structed a 5-acre research site near Marysville, Indiana. 
The research site is available to various state agencies, 
the academic community, and the private sector. 

Research efforts will be a cooperative venture between 
SISO and the state through the Department of Com-
merce, the State Board of Health, the Indiana Geologi-
cal Survey and the Department of Natural Resources. 
There are several areas of interest on which the state 
would like to focus its attention. They include: water 
quality and quantity, potential leachates from the spent 
shale, spent shale reclamation, air quality, and socio-
economic impacts of oil shale development in the 
southeastern part of Indiana. 

A demonstration plant using United States Shale Oil 
Company's modified Everman hot oil retorting process 
is under construction at the research site. 

Negotiations are under way with the Allis-Chalmers 
Company of Milwaukee, Wisconsin to place a 500 bar-
rels per day demonstration plant at the research site. 

Southern Indiana Shale is hoping additional companies 
will bring their own equipment to the research site for 
testing of Eastern shales.
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GOVERNMENT 

OIL SHALE SOLICITATION 
ENDS IN DISAPPOINTMENT 

On June 30, 1983 the United States Synthetic Fuels 
Corporation (SFC) announced that it had rejected Union 
Oil Company's competitive bid submitted in response to 
the targeted solicitation for projects utilizing western 
oil shale. The bid was submitted by Union for Phase 11 
of the Parachute Creek oil shale project. Phase I of 
Union's project which will produce 10,000 barrels per 
day is nearing completion, and Phase H is to produce an 
additional 20,000 barrels per day of shale oil. 

The SFC rejected Union's bid because it was "nonre-
sponsive" to the terms of the targeted solicitation. At 
the June 30 meeting, the SFC explained that Union 
requested a price guarantee for 60 million barrels of 
shale oil. However, the terms of the targeted solicita-
tion limited the amount of "eligible product" that could 
receive a price guarantee to 30 minion barrels of shale 
Oil. 

Union's Phase II project was the only oil shale project 
that submitted the required Technical Proposal and 
Competitive Bid before the June 1, 1983 deadline speci-
fied in the targeted solicitation. Three other projects 
(Cathedral Bluffs, Syntana-Utah, and White River) were 
also declared to be qualified bidders by the SFC. 
However, the sponsors of these other three projects did 
not submit Technical Proposals and Competitive Bids by 
the June 1 deadline and were, therefore, disqualified. 

The results (or lack of results) of the targeted oil shale 
solicitation are disappointing. The SFC stated in the 
solicitation that it would allow price guarantees up to 
$67 per barrel and/or loan guarantees up to $1.6 billion. 
Additionally, the structure of the targeted solicitation 
virtually guaranteed that at least one project would 
receive an award of financial assistance from the SFC. 
(See page 2-9 of the December 1982 and page 2-20 of 
the March 1983 issues of the Pee  Fuels 
Report for details of the targeted oil shale solicitation.) 
Unfortunately, the attractive offers contained in the 
targeted solicitation did not result in the SFC awarding 
any assistance. However, five projects utilizing west-
ern oil shale have advanced into Phase II of the SFC's 
third general solicitation. Hence, the SFC may yet by 
successful in its attempts at launching the beginning of 
an oil shale industry in the United States. 

OIL SHALE EXCHANGE 
VALUATION METHOD 

The Department of Interior's Mineral Management Ser-
vice (MMS) has proposed an alternate method for valu-
ing exchanges of Federal oil shale land with state or 
private oil shale land. The Federal Land Policy Man-
agement Act (FLPMA) requires that the values of 
exchanged lands for federal land be equal. Shale oil is 
yet to be produced from commercial scale development 
and as a result, no overall commercial scale operating 
cost data or market value data are available for use in 
establishing value. Therefore, the MMS has proposed an

alternate method of establishing oil shale values for 
land exchanges. The method would be used in conjunc-
tion with Bureau of Land Management regulations for 
Federal land exchanges. 

Final rule making (published in the Federal Register, 
April 20, 1983) provides that the Secretary of Interior 
can use the alternative method of determining oil shale 
and associated mineral values for land exchanges in-
volving oil shale. The value of oil shale lands could also 
be determined through standard appraisal methods to 
determine the "fair market value" of lands to be 
exchanged. The Department of Interior will have the 
discretion of which method (fair market value or alter-
nate method) to use in applications for oil shale land 
exchanges. 

The alternate method for valuing oil shale lands will 
concentrate on the geologic characteristics and the 
cost of mining the oil shale. Exchange evaluation 
would, therefore, be made on resource-equivalent for 
resource-equivalent. Resource-equivalent is defined as 
equivalent tons of raw oil shale adjusted for differences 
in mining costsand grade. The oil shale exchange 
methodology will require the following steps: 

1. Estimate the resource base by calcu-
lating the quantity of inplace oil shale 
for each exchange tract. The mini-
mum cutoff criteria will be 25 feet 
thick oil shale beds averaging at least 
25 gallons per ton. All available inf or-
mation such as drill hole and geophysi- 
cal data shall be considered. 

2. Estimate the reserves within mining 
zones by calculating the quantity and 
quality of oil shale within zones se-
lected by stratigraphic control, geo-
logic control, and selected mining 
method. 

3. Calculate the recoverable reserves on 
each exchange property by considering 
the mining method, depth of mining 
zone, thickness of mining zone, prin-
ciples of rock mechanics, etc. The 
Secretary of Interior will decide which 
mining method is to be used when 
calculating reserves and estimating 
mining costs. Selection of the mining

- 
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method will consider the prudent man The value of raw oil shale Is deter-
principle, mined in Step 5, and the mining costs 

are determined in Step 4. 
4.	 Calculate the oil shale mining costs on 

each exchange property based on the 7.	 Adjust the	 acreage of the selected 
mining	 method	 selected	 in	 Step 3. and/or offered lanth so that the ex-
Costs will be calculated using the best change factor becomes one and mone-
published and unpublished information tary payments	 are	 not	 required	 by 
available, updated to reflect current either party. 
costs.	 The mining report would speci- 
fy the average grade of the oil shale 
to be mined on the exchange tracts. # # Severance taxes, royalties, state and 
federal income taxes, and production 
subsidies will not be considered unless 
significant and calculative differences 
exist. MMS suggests that mining costs 
can be estimated using the Stream 
Engineers' report "Capital and Cost 
Estimating System Handbook—Mining 
Retorting and Upgrading of Oil Shale 
in	 Colorado,	 Utah,	 and	 Wyoming." 
Mining	 costs	 calculated	 from	 the 
Stream report would have to be ad-
justed by factors contained in a report 
by the Rand Corporation "Understand-
ing Cost	 Growth and Performance 
Shortfalls in Pioneer Process Plants." 
Both offered and selected properties 
would be evaluated on equal tonnage 
basis or equal recoverable shale oil. 
An equal tonnage basis, however, is 
perf erred. 

5.	 Calculate the adjusted value of raw oil 
shale and associated minerals prior to 
retorting.	 The MMS suggests a report 
"An Estimation Technique for the Eva-
luation of Oil Shale Royalty Rates" by 
the Shale-Royalty Task Force can be 
used to determine the adjusted value 
of raw oil shale. This report is used in 
conjunction with the two reports listed 
in Step 4 to determine the adjusted 
cost of retorting and upgrading. 	 The 
adjusted cost of retorting and upgrad-
ing is then deducted from the average 
value of domestic crude oil to deter-
mine the value of raw oil shale prior 
to retorting. An average raw oil shale 
value of $6.50 per ton for 30 gallon 
per ton oil shale was determined from 
the report and should be used until 
more accurate information is avail-
able. 

6.	 Calculate the exchange factor as fol-
lows: 

Exchange Factor = 

Selected Lands Value
Costs of Raw Oil Shale	 —Mining 

Offered Lands Value Mining Costs of Raw Oil Shale	 -

2-6	 SYNTHETIC FUELS REPORT, JUNE 1983 



ECONOMICS 

MEMBRANE TECHNOLOGY HAS FAVORABLE 
ECONOMICS 

Many synthetic fuel processes use hydrogen recycle to 
maintain high hydrogen partial pressures in the reactor. 
These processes, therefore, must incorporate a depend-
able economic technique for separating hydrogen from 
methane. The Institute of Gas Technology has com-
pared the Monsanto PRISM technology with the cryo-
genic separation process for hydrogen recovery. The 
paper "Synthetic Fuels Manufacture with Hydrogen Re-
cycle Using Semi-Permeable Membranes" was presented 
at the Synthetic Fuels from Oil Shale and Tar Sands 
Symposium and field trip in Louisville, Kentucky on 
May 17-19, 1983. 

The 1-IYTORT oil shale process was selected as the 
vehicle for the cost comparison, mainly for reason of 
familiarity. 

Cost estimates were not provided for the process com-
ponents which were common to both alternatives even 
though the flow quantities and gas compositions are 
known to be slightly different for the two alternatives.

A budget type cost estimate for the cryogenic plant 
was obtained from a process vendor and scaled using an 
0.7 exponent factor. Monsanto provided a cost esti-
mate for the PRISM membranes. 

Rigorous simulation of the two processes was not done. 
Instead, a component splitter was used in the overall 
plant simulation. The basic flowsheet for HYTORT gas 
processing using cryogenic or PRISM membranes for 
hydrogen recovery are shown in Figures 1 and 2, respec-
tively. 

Capital cost comparison of the hydrogen recovery sec-
tion is shown in Table 1. Other sections were assumed 
to be identical for each case. The higher capital cost 
for the cryogenic system can be attributed to larger gas 
compressors and the feed pretreatment facilities. 
Table 2 shows compressor horsepower requirements for 
each process. 

As seen from Tables 1 and 2 membrane separation 
involves less capital cost than cryogenic separation and 
has lower operating cost.

- 
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TABLE 1 

HYDROGEN RECOVERY CAPITAL COSTS 
(Plant Capacity, 50,000 Barrels Per Day) 

Million Dollars 
BLCC 

Cryogenic Membrane 

Compressors at $600/BHP 94.5 66.4 
Expander at $800/BHP - 17.6 
Feed Purification 17.0 - 
Membrane or Cold Box 19.0 11.6 

Total 131.4 95.6 

TABLE 2 

HYDROGEN RECOVERY POWER REQUIREMENTS 
(Plant Capacity, 50,000 Barrels Per Day) 

Horsepower -
Cryogenic Membrane 

Compressor Drives -	 149,560 102,320 
Pumps, etc. 9,460 8,410 
Gas Expander-Turbine - (21,950) 

Total 159,020 88,780
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TECHNOLOGY 

ROLLER GRATE RETORT PROCESS DESCRIBED 

The Allis-Chalmers Company has recently reported in 
two separate papers results from their roller grate 
retort system while processing western and eastern 
shale. The first paper "Results of the Processing of a 
Western Oil Shale on the Allis-Chalmers Roller Grate 
Retort System" was presented at the 16th Oil Shale 
Symposium on April 13-15, 1983. The second paper 
"The Allis-Chalmers Roller Grate Retort Process for 
Eastern Shale" was presented at the Synthetic Fuels 
from Oil Shale and Tar Sands Symposium and field trip 
at Louisville, Kentucky on May 17-19, 1983. 

General Process Description 

As shown in figure 1, raw shale enters the preheat zone 
of the Allis-Chalmers retort after a minimum amount 
of crushing and screening. Smaller material generated 
in the crushing circuit is agglomerated and fed on top 
of the crushed material. The shale is conveyed by a 
series of closely spaced slotted rollers rotating in the 
same direction. 

After preheating, the shale is conveyed to the first 
retort zone where recycled non-condensible retort 
gases, in a temperature range of 900 to 1,000°F, are 
induced down through the bed of shale and through the 
slotted rollers. From Retort I zone, the partially 
retorted shale enters the second zone where recycled 
non-condensible retort gas at 1,200°F is used to com-
plete the retorting.

Off-gases are passed through equipment shown as Heat 
Exchange I in Figure 1 where heat is recovered and 
product oils condensed. 

After completion of the retorting step the shale is 
conveyed through a sealing zone to the combustion 
zone. Combustion air is passed up through the slotted 
rollers and exits from the top of the bed. 

The hot shale proceeds to the cooling zone where 
sensible heat is recovered by an ambient air stream. 
The hot off-gases are vented through Heat Exchanger II 
in Figure 1 where the energy is transferred to the 
recycled retort gases used in the retort zone. 

Process Characteristies 

Fines accumulation is said not to be a problem due to 
natural size segregation which occurs because of the 
roller action. Fines migrate to the bottom of the bed 
and fall through the slotted grate into the underbed 
wind box. Gas channeling is therefore reduced, leading 
to a more uniform bed temperature and improved 
yields. 

Raw shale oil upgrading costs are said to be reduced 
because the cross flow zoned concept can produce two 
or more separate streams and not all the streams 
require the same degree of upgrading. 

FIGURE 1 

ALLIS-CHALMERS OIL SHALE PROCESS FLOW SHEET 

RECYCLED 
RETORT GAS 

GAS WITH -	 TO HEAT RECOVERY 
HEAVY OIL 
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Problems with spent shale are reduced because of lower 
residual carbon contents. Fines production is said to be 
a small fraction of the total feed. 

Allis-Chalmers claims the process is not limited by the 
grade or type of shale, and materials with Fischer 
assays of 60 gallons per ton are said to have been 
successfully tested. 

Experimental Unit 

An experimental Process Development Unit (PDU) was 
designed and built to fulfill the objectives in Table 1. 
The unit is capable of processing a charge of 
1,500 pounds with bed depths of up to 21 inches. 

TABLE 1 

ALLIS-CHALMERS 
PDU OBJECTIVES 

• Demonstrate Process Feasibility 

• Obtain Design Data 

- Kerogen Product Distribution 
- Retort and Combustion Kinetics 
- Material and Energy Balances 
- Zone Temperatures 
- Pressure Drop Relationship 
- Heat Transfer Relationship 

S Demonstrate Process on Customer's Shale

Test data have been used to develop process designs for 
a 500 tons per thy demonstration plant and a 60,000 ton 
per thy commercial scale plant. 

The test system consists of four basic areas: inert gas 
generation, roller grate PDU, off-gas handling, and 
combustion air. A schematic of the system is shown in 
Figure 2. Variables that have been investigated in the 
PDU test program are listed in Table 2. 

TABLE 2 

VARIABLES INVESTIGATED IN THE
ALLIS-CHALMERS PDU 

• Bed Depth 
• Feed Size Distribution 
• Maximum Particle Size 
• Retort Flow Rate 
• Retort Temperature 
• Retort Time 
• Combustion On-Gas Flow Rate 
• Agglomerated Fines 
• Layered Bed 

Test Results 

Test results from the two papers are presented in three 
tables. Table 3 shows the characterization of the oils 
produced from the eastern and western shale. Table 4 
indicates the net retort gas produced and Table 5 is an 
overall material balance for the eastern and western 
shale. Over 30 tests have been conducted on western 
Colorado shale and 20 on eastern shale from Indiana. 
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Western
27 Gal/Ton 

Generated Mole 
Trb-IT7 1F 

1.0 23.9 

7.4 8.3 

24.5 27.8 

2.2 3.8 

7.6 10.9 

3.0 9.1 

3.2 5.2 

2.8 3.1 

2.8 2.3 

11.8 5.5 

775 

800 

TABLE 3 

CHARACERIZATION OF SHALE 01L
PRODUCED IN THE ALLIS-CHALMER PDU 

Eastern	 Western 

Pour Point, OF 65 75 
Specific Gravity, 15 0C/15°C 0.97 0.94 
Gravity, *API 14.4 19.0 
Conradson Carbon, % 6.5 4 
Ash, % 0.05 0.05 

Distillation (ASTM D-96) 

96 Over Temperature, °C 

IBP 166 135 
5 225 -	 240 

10 263 260 
20 289 290 
40 304 310 
60 321 320 

Elemental Analysis Weight Percent 

C 84.3 83.3 
H 10.6 12.6 
N 2.1 2.5 
S 1.3 0.9 

* Characterization is of heavier oil than actually produced, 
due to preferential by-pass of lighter fractions 

TABLE 4 

RETORT GAS GENERATION IN THE
ALLIS-CHALMERS PDU

Raw Shale 
Component 

H2 

CO2 (Kerogen) 

CO2 (Calcination) 

CO 

H28 

CH4 

C2's 

C3's 

C4 Is 

C5+ 

Total Dry Gas Production, SCF/T 

Higher Heating Value, BTU/SCF

Eastern
12.4 Gal/Ton 

Generated Mole 
(Lb/T) 1F 

0.7 23.9 

3.8 5.9

	

1.6
	

3.9 

	

10.0
	

20.4 

	

4.8
	

20.9 

	

4.1
	

9.6 

	

3.5
	

5.5 

	

3.4
	 4.0 

	

7.2
	

5.9 

560 

1,150 
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TABLES 

EASTERN SHALE MASS BALANCE FROM 
ALMS-CHALMERS PDU TESTS 

Eastern Western 
Basis 100 Lbs Dry Raw Shale 100 kgs Dry Raw Shale 

(12.4 gpt) (27 gpt) 
Total Carbon Sulfur Total Carbon Sulfur 

In 
Dry Raw Shale 100.0 11.5 4.9 100.0 11.7 1.33 

Out 
Residual SOIItS 85.7 3.6 3.4 74.2 0.5 0.86 
Wlndbox Fines 0.5 - - 1.1 - - 
Cyclone Fines 0.2 - - 0.2 - - 
Dry Gas Produced 2.0 1.0 0.5 2.1 1.1 0.35 
Water Produced 1.4 - - 1.5 - - 
Oil Produced 5.5 4.9 0.1 9.9 8.3 0.10 
CO2 

From Calcination 1.8 - - 
Calcined in Retorting 1.2 - - 
Calcined In Combustion 8.0 - - 

Carbon Combusted 2.0 2.0 - 1.8 1.8 - 
Sulfur Combusted 0.9 - 0.9 0.01 - 0.01 

Total 100.0 11.5 4.9 100.0 11.7 1.33 

Oil Produced, % of Fischer Assay 120 100 
Organic Removal, % of initial Kerogen 73 97
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Feed	 Product

Gravity, °API 22.9 26.7 
Pour Point, OF 65 75 
Nitrogen, Wt % 1.51 1.17 
Sulfur, Wt % 0.64 0.0479 
Arsenic, ppm 27 0.01 
Iron, ppm 45 - 
Bromine No. 23.6 7.5

TABLE 2 

UOP - SHALE OIL HYDROTREATING 

The problem of upgrading shale oil to a fluid cat 
cracker feedstock was studied by UOP Inc. under the 
Air Force program to make jet fuel from shale oil. 
Details of the work were reviewed in a paper, "Shale 
Oil Upgrading for FCC Conversion" by J.G. Sikonia, 
T.G. Board, J.R. Wilcox, and L. Hilfrnan. The UOP 
strategy was to remove soli, thermally unstable com-
pounds, arsenic, and iron in a first stage hydrotreater 
and to remove nitrogen in a second hydrotreater. 

The feedstock was Occidental modified in-situ shale oil 
from Colorado oil shale. The "as received" shale oil 
was dewatered and desalted in a conventional two-stage 
electric desalter. This operation reduced the solids to 
100 to 500 ppm. The first stage hydrotreater feed and 
products properties are given in Table 1. 

TABLE 1 

FIRST STAGE HYDROTREATER 
FEED AND PRODUCTS

(Occidental MIS Shale Oil)

FIRST-STAGE HYDROTREATER
PRODUCT YIELDS

(Yields, Weight Percent Of Feed) 

H20 0.35 
NH3 0.41 

0.63 
Cl 0.03 
C2 0.06 
C3 0.09 
C4 0.12 
C5 0.15 
C6+ 99.12 

Total 100.96 

Second-Stage Hydrotreating 

The objective of the second stage hydrotreating step 
was to remove nitrogen to acceptable FCC feedstock 
levels. Four catalysts were evaluated. Figure 1 shows 
nitrogen removal versus average reactor temperature; 
the DHC-2 catalyst was shown to be the most active. 
To attain 1,000 ppm nitrogen, the chemical hydrogen 
consumption Is about 800 SCPB. 

Typical yiel.ds and product properties for the second-
stage hydrotreating of Occidental shale oil are given in 
Tables 3 and 4. The C6 product yield is over 98 weight 
percent of the fresh feed. The product contains 1,000 
ppm nitrogen, 500 ppm sulfur, 13.4 weight percent 
hydrogen, and still contains about 32 weight percent 
aromatics. 

TABLE 3 

The operations of the first stage reactor were shut 
down three times over a 170 day period. Each time, a 
deposit was formed at the top of the reactor preheater 
zone. The major constituents of the deposits were 
carbon, hydrogen, arsenic, iron, and sulfur. No loss of 
hydrotreater catalyst activity (at constant tempera-
ture) was observed as a result of these shutdowns. The 
overall product yields shown in Table 2 includ a C6+ 
product in the range of 99 weight percent. At the end 
of the run, the catalyst was unloaded in five sections. 
It was free flowing and showed no signs of fouling. In 
general, it showed the pattern of higher to lower 
concentration of metal deposition from catalyst inlet to 
outlet. The arsenic content (spent catalyst basis) 
decreased from about 8.4 weight percent in the top 
section to 1.31 weight percent in the bottom.

SECOND-STAGE HYDRO'PREAmqG 
PRODUCT YIELDS

(Yields, Weight Percent Of Feed) 

H2O 0.31 
NH 3 1.32 
H23 0.04 
C 1 0.17 
C 2 0.23 
C3 0.21 
C4 0.29 
C5 0.63 
C6+ 98.15 

Total 101.35 

Chemical hydrogen consumption = 
800 SCFB
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FIGURE 1 

PRODUCT NITROGEN VS TEMPERATURE 
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TABLE 4 

SECOND-STAGE HYDRO'FREATING
PRODUCT PROPERTIES 

API Gravity 32.8 
Nitrogen, ppm 1,000 
Sulfur, ppm 10 
Hydrogen, Wt % 13.41 
Aromatics, Wt % 32.5 
Oxygen, Wt % 0.05 
Pour Point, °F +75 
Conrathon Carbon, Wt % 0.03

Shale Oil Upgrading Costs 

n 

illil r 

III - 

I"
_T$111

used to evaluate: 

• The costs of first-stage hydrotreating to 
produce a stable, contaminant-free shale 
oil 

• The costs of producing second-stage ma-
terial with different nitrogen levels 

• The optimum shale oil nitrogen level  for 
FCC feedstock. 

The results of the previous experimental work were A desalted shale oil feed rate of 25,000 barrels per 
stream thy was selected. The estimated erected costs 
for the hydrotreaters are first quarter 1982 values. 
These are preliminary, curve-type, battery limit costs 
based on United States Gulf Coast erection, exclusive 
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of offsites. These costs include both material  and labor 
along with design, engineering, and contractors ex-
pense.  

For estimating the utilities an d other operating ex-
penses the values in Table S were used. 



TABLE 5
	

TABLE 6 

OPERATING COST PARAMETERS 

Labor 

Operator/Helper, S/CD	 455/421 
Supervision, % of Labor	 25 

Utilities 

Power, 5/kwh 0.06 
Steam, HP/MP/LP, $/M lb 8.75/6.95/5.90 
BFW, $/M lb 1.25 
Condensate, $/M lb 1.10 
Cooling Water, $/M gal 0.05 
Fuel Fired, s/MM BTU 6.00 

Catalyst, Current Prices 

Hydrogen, $/M SCF 3.50 
Expenses 

Maintenance, % of EEC 4 
Taxes and Insurance, % of EEC 1.5 
Depreciation, Straight Line, Years 13 
Interest on Average EEC, % of EEC 15 
Overhead, % of Labor 60

Estimated erected cost 

The configuration of the first-stage hydrotreating plant 
includes the features presently expected to ensure that 
the processing objectives are accomplished with high 
on-stream efficiency. These features include a swing 
reactor system with special features to accommodate 
the large quantity of contaminants, temperature con-
trol and heat exchange to limit fouling, and a main 
reactor section containing a catalyst specifically de-
signed to remove and accept large amounts of metals 
from the feed. 

The second-state hydrotreater design includes features 
to ensure that high nitrogen removal activity will be 
maintained for the entire operating cycle. These 
features include the use of the commercially-proven, 
high activity DHC-2 catalyst, and the selection of 
operating conditions needed to reduce the fouling of the 
catalyst. 

The operating conditions for the base case in the 
economic analysis were selected to achieve a product 
containing 1,000 ppm nitrogen for an eleven month 
cycle. These operating conditions are in the range of 
those used in the feed clean-up step in petroleum 
vacuum gas oil hydrocracking operations. The catalyst 
is regenerable and a five-year life is assumed. 

The estimated capital and operating costs are sum-
marized in Table 6.

ESTIMATED COST, 
UTILITIES AND OPERATING EXPENSES

(Basis. 90% Operating Efficiency, 1Q82 Dollars) 

First	 Second 
Stage	 Stage 

Charge, BPSD 25,000 - 
Estimated Erected Cost, $x10 6 21.5 34.5 

Utilities And Operating Expense s/CD s/CD 

Labor 1,095 1,095 
Utilities 7,937 33,051 
Catalyst 4,220 1,149 
Hydrogen At 53.50/MSCF 48,668 72,230 
Maintenance 2,356 3,781 
Taxes, Depreciation, Interest 

Insurance & Overhead 10,490 16,435 

Total 74,766 127,741 

Total Operating Cost, $/Bbl 3.07 5.11

In order to determine the optimum hydrotreating sever-
ity for FCC feedstock, four major variables must be 
consideredi 

• Feedstock physical properties as a func-
tion of hydrotreating severity 

• Feedstock cost as a function of hydro-
treating severity 

• FCC yields as a function of feedstock 
physical properties 

I FCC product value. 

The first step in this analysis is to determine the 
product properties and hydrotreating costs for produc-
ing material containing varying amounts of nitrogen, 
aromatics, and hydrogen. The relationship between 
product nitrogen level and aromatic content resulting 
from the second-stage treatment is shown in Figure 2. 
These data show aromatics contents of 28 and 38 
weight percent at nitrogen levels of 500 and 1,500 ppm, 
respectively. In general, aromatics are poor FCC 
feedstocks. 

The hydrogen required in these operations is an impor-
tant part of the overall hydrotreating costs. Figure 3 
plots hydrogen consumption versus nitrogen content. 
Approximately 860 SCFB of hydrogen is needed to 
produce a shale oil containing 500 ppm nitrogen, where-
és 760 SCFB are required to make the 1,500 ppm level. 
About 1,000 SCFB of hydrogen would be consumed to 
produce a material containing 100 ppm nitrogen.

- 
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FIGURE 2 

PRODUCT AROMATIC VS. NITROGEN CONTENT 
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FIGURE 3

HYDROGEN CONSUMPTION VS. NITROGEN CONTENT 
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The economic impact of changing the hydrotreating 
severity is seen In both the investment cost and operat-
ing expenses. As shown in Figure 4, the Investment 
cost increases significantly as lower nitrogen levels are 
produced. A 23 percent increase in estimated erected 
cost results from decreasing the product nitrogen level 
from 3,000 to 500 ppm. A similar trend is seen in the 
operating costs. For the same range of nitrogen levels 
the operating costs are $4.67 barrels per stream day 
(3,000 ppm) and $5.40 barrels per stream day (500 ppm). 

The effect of these feedstocks on the FCC operation is 
dramatic. Pilot plant data from raw shale oil and first-
stage product (about 10,000 ppm nitrogen) showed about 
40 percent conversion, while a conversion level of over 
90 percent was observed for a 900 ppm nitrogen feed 
(1). Based on this information, the FCC conversion 
levels estimate for shale oil feedstocks contining be-
tween 500 and 3,000 ppm range from 91 to 84 percent, 
respectively. Based on limited experimental data, the 
estimated trend in conversion levels versus the feed-
stock nitrogen content is shown in Figure 5. 

The estimated yield of gasoline versus the FCC 
feed nitrogen content Is shown In Figure 6. Gasoline 
yields range from 65.5 volume percent at 3,000 ppm 
nitrogen to 71.0 volume percent at 500 ppm. For the 
raw shale oil and the first-stage product, gasoline yield 
observed in the FCC pilot plant was about 27 volume 
percent, while a gasoline yield of 71.0 volume percent 
was achieved for the 900 ppm nitrogen content hydro-
treated shale oil. The shape of these curves (Figures 12 
and 13) indicates a very favorable response to decreas-
ing the nitrogen level to about 1,000 ppm.

To quantify the economic effect of these changes in 
feed quality, the following values were selected for the 
FCC products; 

C2-, $/MM BTU 6.00 
C3-C4, $/Bbl 33.00 
C5+ Gasoline $/Bbl 
Light Cycle 6n and Slurry, $/BbI

42.00 
35.00

The FCC product values resulting from processing shale 
oil containing varying amounts of nitrogen are shown in 
Figure 7. Total product values increase from $43.23 
per barrel (of feed) at 3,000 ppm nitrogen to $45.56 per 
barrel at 500 ppm. The shape of this curve is interest-
ing because it shows the favorable response of conver-
sion to the more valuable gasoline product at nitrogen 
levels between 3,000 and 1,000 ppm. However, at 
nitrogen levels below 1,000 ppm, the FCC conversion 
level and gasoline yield are closely approaching the 
maximum attainable level. 

Using the economic basis defined in this study along 
with pilot plant data and estimated responses, the 
optimum shale oil hdyrotreating severity for the feed-
stock used can be found by plotting the difference 
between the FCC product values and the hydrotreating 
costs (first and second stages) versus the shale oil 
nitrogen content. As shown in Figure 8 with hydrogen 
valued at $3.50 per thousand SCF, the optimum nitro-

FIGURE 4 

SECOND-STAGE HYDROTREATING COSTS 
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FIGURE 5 

FCC CONVERSION VS. NITROGEN CONTENT 
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FIGURE 6 

FCC GASOLINE YIELD VS. NITROGEN CONTENT 
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FIGURE 7 

FCC PRODUCT VALUE VS. FEED NITROGEN CONTENT 
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gen content for FCC feed using the economic basis of 
this study is between 500 and 1,000 ppm. 

The optimum FCC feedstock nitrogen level is sensitive 
to the particular economic basis selected for this study. 
As shown on Figure 8, varying the hydrogen costs from 
$3.00-$4.00 per thousand SCF shifts the optimum nitro-
gen level somewhat within the 500-1,000 ppm range. A 
larger differential value between gasoline and fuel oil 
will drive the optimum nitrogen content to a lower 
level. Increased cost of money would drive the opti-
mum nitrogen content higher. 

REFERENCES 

1. Hemler, C. L., and Wilcox, 
Cracking for the Production 
Fuels from Syncrudes," 46th 
Meeting, American Petroleum 
1981 (Preprint 25-81).

J. IL, "Catalytic 
of Transportation 
Midyear Refining 
Institute, May 13,

2-21	 SYNTHETIC FUELS REPORT, JUNE 1983



PHILLIPS PETROLEUM EVALUATES REFINERY 
SITE VERSUS RETORT SITE UPGRADING 

L. E. Law and J. M. McKee of Phillips Petroleum des-
cribe the evaluation of retort site versus refinery site 
upgrading of shale oil in their paper 'Upgrading Shale 
Oil for Processing in Existing Refineries." The Phillips 
Petroleum refinery in Woods Cross, Utah is an obvious 
candidate for refining shale oil from the U-a/U-b oil 
shale leases held by Phillips, Sohio, and Sunoco. This 
refinery is rated at 25,000 barrels per day and charges a 
mix of approximately 70 percent 48 0API light paraffinic 
crude and 30 percent 34°API waxy intermediate crude. 
Phillips and Foster Wheeler conducted a study to deter-
mine the impact of adding 15,000 barrels per day of 
shale oil to this refinery. 

The cases studied are listed in Table 1. Cases A and B 
hydrotreat the shale oil at the refinery to 650 ppm of 
nitrogen. Hydrotreating results in a 4.6 percent volume 
expansion of the 15,000 barrels per thy of raw shale oil; 
the raw shale oil is assumed to be similar to shale oil 
from direct retorting. The main physical properties are 
19.7°API, 85°F pour point, 0.57 weight percent sulfur, 
2.10 weight percent nitrogen, 30 ppm arsenic and 
68 ppm iron. 

To produce saleable products which are equivalent to 
those produced from natural crudes, the nitrogen con-
tent of the shale oil must be substantially reduced.

Table 2 presents the approximate nitrogen concentra-
tions that the researchers assumed would be necessary 
in various product or unit feed streams to meet either 
product stability specifications or to prevent catalyst 
poisoning during processing. 

The study determined that the processing steps required 
to achieve the final product specifications In Table 2 
depend on the residual nitrogen level of the hydro-
treated shale oil. Shale oil hydrotreated to 100 ppm 
nitrogen will require some modification of existing 
refinery hydrotreating units and possible equipment 
revamps involving heat exchangers, fractionator trays, 
and pumps. The researchers found that the catalyst in 
the naphtha hydrotreatcr would have to be replaced 
with one specifically formulated for nitrogen removal 
to achieve the 0.5 ppm nitrogen level necessary for the 
naphtha to be used as catalytic reformer feed. The 
study determined that when the residual nitrogen level 
of the hydrotreated shale oil is 650 ppm, the operating 
pressure of the existing naphtha hydrotreater is no 
longer adequate and must be replaced by a high pres-
sure unit to ensure satisfactory nitrogen removal from 
the naphtha stream. At the 1,000 ppm residual nitrogen 
level, it was determined that in addition to requiring a 
high pressure naphtha hydrotreater, a diesel treater 
must be installed to reduce the total diesel nitrogen 
content to below 500 ppm for sufficient product stabi-
lity for the diesel fuel. 

TABLE 1

DESCRIPTION OF CASES STUDIED BY PHILLIPS 

Retort Site Woods Cross 
Case* Treatment Transportation Refinery Treatment 

A (650 ppm) None Truck Hydrotreater/Naphtha 
HDN 

B (650 ppm) Visbreaking New Pipeline Hydrotreater/Naphtha 
HUN 

C (1,000 ppm) Hydrotreating Existing Naphtha HDN/ 
Pipeline Distillate HUN 

D (650 ppm) Hydrotreating Existing Naphtha HDN 
Pipeline

E (100 ppm)'	 Hydrotreating Existing	 None 
Pipeline 

HDN = hydrodenitrogenation 
• Residual nitrogen level of shale oil after hydrotreat-

ing in parenthesis 
• * Chemical pour point depressant added 
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TABLE 2 

MAXIMUM NITROGEN SPECIFICATIONS
ASSUMED FOR THE WOODS CROSS REFINERY 

Nitrogen
(ppm) 

Catalytic Reformer Feed 0.5 
Catalytic Cracker Peed 1,500 
Jet Fuel (JP-4) 10 
Turbine Fuel 10 
Diesel Fuel 500 
Fuel Oil 1,000

The nitrogen levels that result from combination with 
the 9,310 barrels per day of 70/30 petroleum crude and 
the above described unit additions are given in Table 3, 
The estimated capital costs and operating costs asso-
ciated with this ease are presented in Tables 4 and 5. 
The high severity hydrotreating case has the lowest 
capital cost; the visbreaking case has the lowest oper-
ating cost. Because the researchers felt that 100 ppm 
shale oil has the best marketability, retort site hydro-
treating to 100 ppm nitrogen was recommended. The 
above refinery capital investments do not include costs 
or expanding the catalytic cracking unit or the alkyla- 

tion unit which would be required in all cases due to the 
increased gas oil throughput associated with shale oil. 
(For a comparison of upgrading costs, see the UOP 
paper of Skionia, at al reviewed in this section.)

TABLE 3 

PROCESS STREAM NITROGEN LEVELS 
ASSUMED IN THE PHILLIPS STUDY 

Case 
A B C D E 

T6_5 OT iw am ir Ti FOT 

Catalytic Reformer 0.5 0.5 0.5 0.5 0.5 
Feed 

Catalytic Cracker 1,117 1,117 1,508 1,117 555 
Feed 

Jet Fuel JP-4 0.5 0.5 0.5 0.5 0.5 
Turbine Fuel 0.7 0.7 0.7 0.7 0.7 
Diesel Fuel 416 416 400 416 80 
Fuel Oil - - 1,000 650 100

* Shale oil nitrogen level after hydrotreating in parenthesis 
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TABLE 4 

PHILLIPS' ESTIMATED INVESTMENT COST SUMMARY 
(Million 1982 Dollars) 

Case 
A B C D E 

Retort 4.7 20.8 147.7 149.9 155.4 
Transportation 42.2 42.0 2.0 2.0 2.0 
Refinery* 125.9 127.4 8.8 5.8 0.7 

Total 172.8 190.2 158.5 151.7 158.1 

• The costs of modification or replacement of the existing.catalytic 
cracking unit and the HF acid alkylation unit at the Woods Cross 
refinery are not included since these costs would be identical in 
all five cases.

TABLE 5 

PHILLIPS ESTIMATED INVESTMENT COST SUMMARY
(Dollars Per Barrel) 

Case 
B C D E 

Retort Site 0.33 0.03 4.42 4.42 4.45 
Transportation 1.63 0.15 0.25 0.25 0.25 
Refinery 2.43 2.63 0.07 0.02 0.00 
Product Differential 0.00 0.74" 0.00 0.00 (0.03) 

Total 4.39 3.55 4.74 4.69 4.67

* Operating costs for the Woods Cross refinery pertain to the new 
process units required for shale oil and will be incremental to the 
normal refinery operating costs. 

** Due to visbreaker conversion of oil to gas make, less oil is 
produced and a product differential cost is applied. 
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TABLE 1 

CRUDE OIL PRODUCTION FORECAST
PADD 4 STATES

(Barrels Per Calendar Day) 

State 1980 1985 1990 1995 2000 

Colorado 81,649 62,845 48,373 39,647 32,496 
Montana 81,049 73,264 66,225 59,962 54,110 
Utah 68,433 52,094 42,476 34,633 28,239 
Wyoming 339,726 305,350 280,790 270,410 275,980 

Totals 570,857 493,553 437,864 404,652 390,825

PACE-BLENDING OF CRUDE 
OIL AND UPGRADED SHALE OIL 

The supply and demand for crude oil In the Rocky 
Mountain region and blending of upgraded shale oil with 
regional crude were addressed in a paper entitled 
"Upgrading and Refinery Acceptability of Western 
Shale Oil" by P.O. Rolniak and J.J. Leto of Pace. The 
Rocky Mountain region (known as PAD) 4) is defined 
here as Colorado, Idaho, Montana, Utah, and Wyoming. 
The base year for the study was 1980. For the base 
year, 375,927 barrels per calendar day of gasoline, jet 
fuel and distillate were consumed in the region. The 
breakdown for these fuels are: gasoline - 216,230 bar-
rels per calendar day, jet fuel - 38,144 barrels per 
calendar thy, and distillate -121,553 barrels per calen-
dar day. In 1980, about 435 barrels per thy of crude 
were charged to PADD 4 refineries (71 percent of 
operable capacity). The forecasted crude oil production 
for PADD 4 is presented in Table 1 (as shown above). 
This forecast is based on assessments of major fields in 
the region. In 1980, 47,400 barrels per thy of Canadian 
crude were imported into the region. Crude oil exports 
to the Midwest (PADD 2) were 185,000 barrels per day 
in 1980. 

If PADD 2 exports, Canadian imports, and refinery 
demand remains constant, a crude oil shortfall will 
occur by 1985. In 1981, refinery demand in PADD 4 fell 
to 425,000 barrels per day, while exports to other PAD 
districts increased to over 233,000 barrels per day for 
both 1981 and 1982. Canadian imports fell to 38,600 
barrels per day in 1981. A crude oil shortfall is delayed 
to well into the 1990s if PADD 2 exports are allowed to 
decline. Upgraded shale oil can alleviate this shortfall 
and is particularly attractive because its large volume 
of distillate and gas oil range material complements the 
increased condensate production In Wyoming and Utah. 

One means of minimizing the extensive raw shale oil 
upgrading requirements is to blend the upgraded shale 
oil with conventional crude oil. No gross Incompati-
bility was observed in Exxon Research and Engineering 
between upgraded shale oil middle distillates and petro-
leum-derived diesel. Therefore, it can be reasonably 
assumed that the whole range upgraded shale oil can be 
blended with petroleum crudes.

The level of shale oil upgrading necessary is a function 
of (1) the nitrogen distribution in the upgraded shale oil 
and the crude to be blended, and (2) the nitrogen 
tolerance of the refinery catalysts or products. These 
are: reformer feed - 1 ppm, FCC - 1,500 ppm, diesel - 
500 ppm. For the assessment of blending potential, a 
Wyoming mixed crude with 100 ppm nitorgen in the 
400-610°F cut and 700 ppm nitrogen in the 610-1,050°F 
cut was assumed. The shale oil was assumed to be a 
Paraho shale oil with a hydrotreating severity response 
as given In the Chevron DOE work e.g., see Advances in 
Chemistry Series No 179, Sullivan and Stangeland. The 
nitrogen distribution between the upgraded shale oil 
cuts was assumed to remain constant as given in 
Table 2. Only total nitrogen was considered. 

TABLE 2 

NITROGEN DISTRIBUTION IN
UPGRADED SHALE OIL 

Distillation	 Wt. % Nitrogen As 
Fraction	 % Of Nitrogen In Feed 

C5-400°F	 1.76 
400- 650°F	 27.29 
650 -800°F	 31.36 
800°F+	 30.54 

The focus of the shale oil blending analysis Is to assess 
the potential of marketing upgraded shale oil such that 
no refinery modifications are necessary and upgrading 
requirements are minimized. An average PADD 4 re-
finery configuration was assumed. Component balance 
equations for nitrogen were developed to relate the 
nitrogen content of each refinery stream to the 
crude/shale oil charge to still. 
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OIL SHALE BENEFICIATION STUDY 

Research conducted by the Mineral Resources Institute 
(Mm) at the University of Alabama has demonstrated 
the technical feasibility of upgrading both Eastern and 
Western oil shale by fine grinding and flotation. The 
beneficiation studies conducted by MRI and the results 
of those studies were described in a paper, "Physical 
Beneficiation Studies of Eastern Oil Shale" by H. S. 
Hanna and W. E. Lamont. The paper was presented at a 
conference "Synthetic Fuels from Oil Shale and Tar 
Sands" sponsored by IGT in Louisville, Kentucky 
May 17-19, 1983. 

The research conducted at MRI focused on beneficia-
tion of Eastern Devonian oil shale, namely: a sample of 
Chattanooga Shale from Madison County, Alabama; and 
a sample of New Albany Shale from Powell County, 
Kentucky. However, MRI has also tested a beneficia-
tion process on both high grade and low grade samples 
of oil shale from the Mahogany zone in Colorado as well 
as a sample of Collingwood oil shale from Ontario, 
Canada. Table 1 is a summary of the analysis of the 
five different oil shale samples tested.

The procedure for conducting the beneficiation tests 
consisted of 

• Stage crushing (dry) oil shale samples to 
minus 10 mesh. 

• Grinding minus 10 mesh samples in 
20 x 30 centimeter stainless steel rods 
mill charged with twenty-six 1.7 centi-
meter stainless steel rods at 50 percent 
solids using Tuscaloosa tap water. 

• Conducting bench scale flotation tests in 
Denver Model D-12 laboratory type flo-
tation machine. 

• Filtering, drying (500C), and assaying flo-
tation product. 

In addition, MRI also conducted filtration tests to 
determine dewatering requirements and briquetting 
tests to determine if briquettes of concentrate with 
adequate strength for retorting could be produced from 
the kerogen concentrates. 
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TABLE 1 

SUMMARY OF ANALYSIS OF OIL SHALE TESTED 

Fischer Analysis (%) 
Oil shale Assay C Ii N S CO2 

-
Ash 
- (Gal/Ton) 

Collingwood 7.6 7.14 0.83 0.20 - 25.3 - 
Chattanooga 12-13 15.22 1.73 0.48 8.02 2.9 79.7 
New Albany 15-16 15.03 1.84 0.55 4.58 - 77.6 
Mahogany Zone (Lean) 14-15 11.55 1.14 0.52 0.59 14.8 74.7 
Mahogany Zone (Rich) 45-46 26.29 3.02 0.82 1.07 14.5 58.3 

Earlier investigations at ME! had indicated that the 
shale samples would have to be ground to less than 
38 micros (400 mesh) to effectively liberate the kero-
gen from the rock. The effect of grinding time on the 
fineness of the two Devonian oil shale samples Is shown 
in Table 2. The data indicate the similar grinding 
properties of the two eastern shales. During the wet 
grinding stage of the studies it was determined that the 
ground slurries of the Eastern shales had pit ranging 
from 3.8 to 4.0. This indicates the existence and 
liberation of highly acidic mineral components. The 
two Western shales and the Canadian shale round 
slurries had pH ranging from 8.5 to 9.5 indicating that 
some solution of the carbonate type minerals in these 
samples was taking place. 

TABLE 2 

EFFECT OF GRINDING TIME ON
DEGREE OF FINENESS

Grinding Particle Weight Percent 
Time Size Chattanooga New Albany 

(M inutes) (Microns) 

10 -38 65	 - 
20 -38 95	 - 
30 -20 83	 87 
60 -20 99	 98 

120 -10 97	 92

Preliminary flotation tests indicated that pine oil, kero- 
sene, MIBC, and shale oil were all effective collectors. 
However, pine oil appeared to be the most effective 
collector from the standpoint of kerogen recovery and 
froth control. Preliminary flotation tests also indicated 
that the shale samples had to be ground to a size with a 
large percentage minus 10 microns in size. Table 3 
summarizes the results of the fine grinding and flota-
tion tests on the five oil shale samples. The results of 
the test indicate that: 

• Eastern Devonian shale kerogen can be 
concentrated by a factor of 2.5 or more 
by this beneficiation technique. 

• Canadian shale kerogen could be concen-
trated by a factor of 2 or more. 

• Mahogany zone kerogen from both rich 
and lean oil shale could be concentrated 
to a factor of 2 or me. 

• The carbonate gangue in the Canadian 
and western samples tended to float with 
the kerogen to a greater degree than the 
silicon gangue in the eastern samples. 

• Clean concentrates of kerogen contained 
80 percent or more of the original oil in 
the eastern and western shales while 
recovery of original oil for rougher con-
centrates approached 100 percent. 

Following the flotation tests MEl conducted a semi-
continuous flotation test on 80 pounds of New Albany 
shale. This test verified the results of earlier tests and 
demonstrated the technical feasibility of fine grinding 
and flotation to effectively upgrade or beneficiate both 
eastern and western oil shale. The studies did not 
include any determination of possible cost benefits of 
upgrading oil shale by the fine grinding-flotation tech-
nique. 
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TABLE 3 

SUMMARY OF THE FLOTATION RESULTS OF 
SHALE SAMPLES GROUND TO 90% Minim 11/4 in 

Oil Recoverable 
Product Weight Yield Oil 

(%) (0i17'fn)	 (%) 

Cleaner Concentrate 26.0 15.6 51.6 
RougherConcentrate ti73-. 3..- 9.7 lh..	 90.8	 JIjictms q rI 	 1'JiIh.t 
Tailing	 _	 ' .26;7 ,n:...2.? '	 "9.2 ,,jj	 oau$a 

'e" .,dil .j	 •r	 not!	 U-IDIF,1	 tt ,tts ' i1" Composite Head 100.0 '.,v100'°' ,. , .	 -t icm" 

•	 CieAnã C0ncentr9t63 • ,.
	 36.`6:

HcP1.;6•	 )WI	 !tI	 -'	 fl 

Rougher Concentrate 51.4. 21.1 97.0-'
	 IT	 11..3aI 

Tailing 48.6 0.1 .3.0  .	 -
Composite Head  100.0 "11.2 -"100.01  

•	 .	 .	 . .	 . .nfni j 	 .!df	 .'t."	 03	 S.0	 r-'-
Cleaner Concentrate ...145;5' ;31':4,,i-. 9M1.3	 liuhi	 IL	 .... 
Rougher Concentrate 84.4 o" -v's	 981 :', I njN	 n-:;:9W	 t'wj 
Tailing	 v . '15:6 4.7....L11.9yJ'r. ?q	 t,.4	 L.ti'L2L 

Composite Head r100' 0 l68
knot 100 9 ) u	 o	 wit! r	 11 

' Cleaner Concentrate 36.8 34.2 89.5 
Rougher Concentrate 15.3 18.3 97.7 
Tailing 24.7 1.3 2.3 

Composite Head 100.0 14,1 100.0 
E 

Cleaner Concentrate 41.6 81.5 ,	 79.3 
Rougher Concentrate 82.6 55.0 99.0 
Tailing 17-4 Ci 2:5t1 ijt'13 HO 1O1117% 

- 3.-...;fl 
Composite Head 100.0 45.9 100.0 
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COLORADO MINING ASSOCIATION/ 
U.S. BUREAU OF MINES RESEARCH 
PROGRAM UNDERWAY 

As reported in the March 1983 Pace Synthetic Fuels 
Report, the Oil Shale Committee of the Coloiidó 
Mining Association is providing funds for continued 
research into the hazards of oil shale mining. The 
research program will be carried out by the United 
States Bureau of Mines using a combination of in-house 
and contracted work. 

An eventual six-part program is envisioned funding has 
been assured thus far for the first four projects listed in 
Table 1. 

Fire Hazard Of OR Shale 
Dust Layers On A Hot Surface 

Combustible dust is produced in the mining and proces-
sing of oil shale. Solid surfaces at elevated tempera-
tures, such as engines and exhaust systems, are also 
present. Hot surfaces can also be expected due to 
equipment malfunctions such as bearing failure. Oil

shale dust deposited on a hot surface can Ignite if the 
temperature of the surface Is sufficiently high. The 
ignition of a dust layer in this manner may result In 
fires and, if a flammable gas mixture is present, an 
explosion could ensue. To properly evaluate the fire 
hazard, an accurate understanding of the ignition pro-
cess and Ignition temperature of the dust is required. 

Previous hot plate tests on the ignition of oil shale dust 
layers were limited in scope and did not consider 
several Important variables such as layer thickness and 
particle size. The objective of this task is to determine 
the minimum Ignition temperatures of a graded series 
of oil shale dust layers on a hot surface and evaluate 
the fire and explosion hazards of the ignition process. 
At least four oil shale dusts of different grades (15 to 
45 gallons per ton) and run-of-mine dust will be studied. 
The effect of dust grade, layer thickness and particle 
size on the hot surface ignition temperature of the 
dusts will be determined. In selected tests, an open 
flame will be positioned above the dust layer to deter-
mine if emitted volatiles can be ignited. 

TABLE 1

STATUS OF CMA-USBM CONTRACTS AND RESEARCH 

Approximate 
Project Approximate Length 

Project Cost $ Start Date Of Project 

1.	 Fire hazard of oil shale dust 751{ June 1983 12 months 
layers on a hot surface. 

2.	 Thermal and electrical 75KO June 1983 12 months 
ignitabiity of oil shale 
dust clouds. 

3.	 Development of effective face 238K Oct. 1983 18 months 
ventilation systems for oil 
shale mines. 

4.	 Completion of USBM contract 4K June 1983 6 months 
J0113070, explosion proofing 
of large diesel vehicles. 

5.	 Investigation of the flamma- lOOK Sept. 1983 18 months 
bility and spontaneous combus-
tion potential of coarse oil 
shale and determination of the 
most effective methods of 
extinguishment. 

6.	 Explosion proofing of large 166K Sept. 1983 19 months 
diesel vehicles - Phase II.

658K

• Funding in hand
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The Thermal And Electrical 
Ignitabifity Of Oil Shale Dust Clout 

It is apparent from recent research that several of the 
"standard" test procedures for evaluating the flam-
mability and ignitability of air-dispersed dust clouds 
have serious deficiencies. In particular, the Hartmann 
apparatus for measuring explosivity or minimum igni-
tion energy, and the Godbert-Greenwald furnace for 
measuring ignition temperatures, are impeachable for a 
variety of reasons. In the former system, the pre-
scribed ignition energy is Inadequate for obtaining reli-
able measurements of true flammability behavior-, in 
both systems, the real dust concentration at the time of 
ignition is inadequately controlled. 

The purpose of this research is to use improved equip-
ment to measure the thermal and electrical ignitability 
of oil shale dust clouds. The complete domains of 
flammability will be delineated for a graded series of 
oil shale dusts as well as run-of-mine dust. The 
delineation of those domains precisely defines the fol-
lowing quantities: the electrical Ignition energy at 
various dust concentrations, the minimum autoignition 
temperature of the dust cloud, the concentration limits 
of flammability as well as the maximum pressure and 
rates of pressure rise. Measurement of these quantities 
for oil shale dust relative to their values for Pittsburgh 
seam coal dust will permit their Ignitabiity and explo-
sivity indices to be determined. It will also provide an 
accurate basis for establishing the proper hazard classi-
fication for oil shale dust under the National Electric 
Code. 

Development Of Effective Face 
Ventilation Systems For Oil Shale Mines 

Typically, oil shale mines will have openings of 
1,500 square feet or more in cross-section. It is pos-
sible that some oil shale mines will be classified as 
gassy. Furthermore, there will be substantial quantities 
of diesel exhaust and particulates, blasting gases, and 
dust produced in the face areas. It is imperative that 
large opening oil shale mines have effective face venti-
lation systems to meet air quality and methane stan-
dards. 

The purpose of this project is to develop a number of 
face ventilation system concepts; to look at ways to 
possibly combine some of these concepts, and to select 
the most appropriate systems for in-mine demonstra- 
tion. A contractor will design a minimum of six face 
ventilation system concepts for use in oil shale mines. 
These concepts are to include: 

1. A system based on the results of Bur-
eau of Mines Contract J0318015, 
"Testing Jet Fans in M/NM Mines with 
Large Cross-Sectional Airways." 

2. A mobile face fan with tubing extend-
er. This is a conventional cart-mount-
ed fan equipped with an extensible 
boom (Figure 1).

3. A system of retractable tubing from 
face to fan. Tubing is the most effec-
tive means of moving air from the last 
open crosscut to the face. However, 
tubing must be removed from the face 
area before each blast of it is detroy-
ed. 

4. Fans mounted on face equipment. 

Investigation Of The Flammability And 
Spontaneous Combustion Potential Of Coarse Oil Shale 

Fires in oil shale have been observed since early pio- 
neers or Indians allegedly attempted to use pieces of oil 
shale to construct campfires. The only cases of spon- 
taneous combustion or self heating of oil shale which 
have been reported have been in large piles outdoors, 
where the only source of heat is the sun and where 
factors such as wind, rain, and snow may play important 
roles. The problem of spontaneous combustion is ill-
defined and difficult to simulate In controlled experi-
ments of any size. However, smoking has been 
observed in stockpiles at Colony Mine and at Ca Tract, 
where the size distribution varies from dust to 6 inches. 
In these cases, only smoldering combustion has been 
observed and is easily controlled. In a large waste pile 
of raw oil shale on the side of a gully near the crusher 
at the Anvil Points mine, fires have burned for a con-
siderable period of time. It was concluded that hot 
spent shale spread over raw shale from a crusher was 
probably the early ignition source. However, sponta-
neous combustion cannot be ruled out because some of 
the hot spots do not appear to be related to spent shale 
from the retorts. 

A more familiar problem is accidental fires in rubble 
ignited by various sources. Fires have been reported In 
drifts in Anvil Points and in the Colony Mine in the 
course of mining and haulage and in Logan Wash as a 
result of secondary ignitions following blasting and due 
to reversal of ventilation due to a failure of a retort. A 
fire was started in a muck pile at Horse Draw, presum-
ably as a result of the ignition of methane by blasting 
(and spread to the surrounding ribs and roof). A fire of 
unknown origin destroyed a crusher house at Anvil 
Points. It is not certain whether a fire can sustain 
itself on ribs and roof. 

Suppression techniques have included shutting of the air 
and allowing the fire to go out, flooding or spraying 
with water, and digging out. 

The objective of this proposed program is to investigate 
the flammability of oil shale rubble under conditions of 
self heating and with external ignition sources and to 
determine the most effective methods of extinguish-
ment. 
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Small-scale rubble fire tests were conducted by the 
Bureau in its Experimental Mine, and a site was pre-
pared at the Bureau's mine at Horse Draw, Rio Blanco 
County, Colorado. It is proposed to continue this rubble 
fire program, including atleast 3 fires of about 100 
tons in size. Initiation will probably be with diesel fuel 
and each concluded with demonstration of suppression 
techniques, including water sprays, foam, chemical 
powders, or digging out. 

A longer term large-scale test will be designed specify-
ing a critical mass of material, containing the proper 
distribution of particle size, kerogen, mineral, and 
moisture content considered most likely to generate 
spontaneous combustion.

user-specified). The equilibrium model calculated the 
extent of calcium-carbonate decomposition based on 
the equilibrium carbon-dioxide partial pressure for 
reaction and the gas and solids flowrates in the combus-
tor. A subsequent analysis of calcite decomposition in 
a fluidized-bed combustor showed that, for nominal 
operating conditions, the extent of this reaction can be 
calculated to a good approximation by such an equili-
brium model. Calcite-silicate reactions were not consi-
dered. 

Various constants and set conditions are given in 
Table 1.

TABLE 1 

ASPEN OIL SHALE RETORTING CONSTANTS 
FLUIDIZED BED RETORTING ANALYZED 
USING ASPEN 

Surface retorting of oil shale requires the process-
ing/movement of large quantities of raw and spent 
shale solids. Current surface retorting technology 
(Paraho, Union, Superior, Tosco) moves the solids at 
relatively slow rates compared to the mass velocities 
attainable in fluidized systems. Another useful feature 
of fluidized systems is the increase in thermal effi-
ciency without yield debit that is potentially available 
from combustion of residual carbon in a separate vessel 
with recirculation of the hot spent shale to the retort. 
This concept of fluidized solids handling combined with 
heated solids recirculation is an extension of proven 
technology in other areas: fluid catalytic cracking, 
Flexicoking, Lurgi devolatilizatlon of coal fines, and 
other processes. The application of this concept to oil 
shale was investigated using the ASPEN process simu-
lator and the results are described in "Modelling of an 
Oil Shale Fluidized-Bed Retorting Process Using 
ASPEN" by C. C. Chen, at al in Energy Progress, 2(3) 
September 1982. 

In the system that was modelled, crushed raw shale is 
preheated with combustion off-gases. Raw shale and 
hot burned shale are mixed in the fluidized bed retort. 
Retorted solids are combusted in the combustor with 
air preheated in exchange with the non-recirculated 
solids. The ASPEN model operated with the following 
sub-streams: kerogen, residual char, inorganic minerals, 
oil, product gas, and moisture. 

An ASPEN stoichiometric reactor model was used to 
calculate the heat and mass flows from the retort. This 
particular model requires that the reaction stoichio-
metry and the extent of kerogen decomposition be 
specified. The reactions occurring In the combustor 
were modelled by two stoichiometric reactor models 
and one equilibrium reactor model. The first two 
models calculated reaction enthalpies and product 
yields for complete combustion of the residual char and 
for complete decomposition of dolomite to calcite and 
magnesium oxide (both reaction extents were likewise

Combustor Air (excess), % 10 
System Pressure, Atmosphere 2 
Shale Preheated OF 
Combustor	 4 400 

Air, 1,000 
Retort Fluidizing Gas, OF 750 

Shale Characterization 
Organic Matter: 

Char 4.7 
Oil 9.9 
Gas and Water 2.8 

Sub-Total 17.4

Inorganic Matter: 
Domomite	 26.4 
Calcite	 13.2 
Quartz	 13.0 
Other	 30.0 

Sub-Total 

Total	 100.0 

Calculations with the combustor at 1,300°F and the 
retort at 950°F showed that 47 percent more heat was 
generated than required to keep the process In overall 
thermal balance. A recirculation ratio of 3.13 (burned 
shale/raw shale) was required for a retort temperature 
of 950°F. A retort 46 feet in diameter would be 
required to process 70,000 tons per day of shale produc-
ing 50,000 barrels per day of oil. No calcium carbonate 
decomposition was calculated to occur in the combustor 
at 1,300°F and 2 atmospheres. 

Two parametric studies were made to assess the effect 
of calcite decomposition on the heat balance at adia-
batic reactor conditions. The first study examined the 
extent of calcite decomposition. At complete decom-
position, maintenance of a 950°F reactor temperature 
requires a recirculaton ratio of about 2.5:1. Calcite 
decomposition equilibrium requires a recirculation ratio 
of about 2:1. 

2-34	 SYNTHETIC FUELS REPORT, JUNE 1983 



The second parametric study examined the effect of 
variation in combustor pressure, hence, the carbon 
dioxide partial pressure. This affects the calcite de-
composition equilibrium and the heat balance. Increas-
ing the pressure lowers the recirculation ratio required 
to maintain the reactor temperature. At 10 atmo-
spheres, the required ratio is about 1.5:1. 

The results of these studies change with different 
preheat temperatures. Also reaction kinetics and heat 
transfer efficiency considerations were not taken into 
account. 

Calcite decomposition to calcium oxide is not entirely 
undesirable, even though it is a heat sink. Calcium 
oxide reacts with carbon dioxide in the retort which 
releases heat. Calcium oxide also reacts with sulfurous 
gases and, as a result, the retort off-gas can be 
substantially scrubbed of sulfur species. 

The paper concludes that modifications of the ASPEN 
fluidized bed retorting model should be applicable to 
the Lurgi retort and the Chevron Staged Turbulent Bed 
Retort.
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TOSCO HSP PROCESS DESCRIBED 

For more than two years Tosco has operated a 6 tons 
per day pilot plant developing the Hydrocarbon Solids 
Process (HSP) technology. A paper on HSP technology 
was presented at the AIChE spring national meeting in 
June 1982 at Anaheim, California. 

General 

Tosco has a research center near Denver, Colorado 
where research on oil shale processes have been per-
formed since 1964. The Tosco It pilot plant established 
the design basis for the 1,000 tons per thy demonstra-
tion plant built during 1985 at the Parachute Creek site 
in Colorado's Piceance Basin. This demonstration plant 
formed the design basis for the 66,000 tons per thy 
commercial Colony plant. In May 1982, the Colony 
project was suspended and Tosco sold its interest to 
Exxon. 

While the Tosco II process was being demonstrated, the 
Hydrocarbon Solids Process evolved from the R & D 
programs pursued by Tosco. The authors classify the 
HSP process as "the future oil shale technology" while 
the Tosco II process is currently the "best available 
technology." 

Tosco II Process 

Figure 1 is a now diagram of the Tosco II process. 
Ceramic balls nominally 1/2 inch in diameter exit a 
moving bed heater at 1,2000 to 1,300°F and are con-
tacted with minus 1/2 inch, preheated raw shale in a 
rotating retort. Preheating occurs in liftplpes, utilizing 
hot flue gas from the ball heater as the heat source. 
Hot balls are recycled with the spent shale from the 
retort. They flow across the trammel then to the ball 
heater. The shale falls through the trammel and then 
goes to heat recovery and disposal. 

The pyrolysis vapors are scrubbed by circulating a 
stream of the heavy fraction of the shale oil to remove 
the entrained dust; the remaining vapors go to gas and 
liquid treating and recovery. 

HSP Process 

The liSP flow diagram is shown In Figure 2. The 6 tons 
per day plant was completed in February 1980. Full 
range, minus 1/4 inch raw shale is fed to a rotating 
retort, where it is mixed with a fine grained heat 
carrier to achieve rapid heat transfer, therefore, rapid 
pyrolysis. The mixture of retorted shale and heat 
carrier discharges into an accumulation vessel, from 
which it is drawn off and fed to a fluid bed combustor. 

The residual carbon on the spent shale and heat carrier 
is burned in the combustor, with heat being transferred 
directly to the heat carrier. The design of this unit is 
the subject of a current patent application.

The conditional heat carrier is removed from the bot-
tom of the separator going to a surge hopper, from 
which it recycles back to the retort. The overhead goes 
to the flue gas and ash heat exchanger. 

Process vapors leaving the retort accumulator go to a 
quench tower where the heavy fraction is condensed by 
the recirculation of the cooled bottoms oil fraction. 

Whole Oil Product 

The yield of C5+ crude shale oil, without bottoms 
recycle, is 108 percent of Modified Fischer Analysis 
(MFA) and is presented in the following table: 

Whole Oil Product Characteristics
from the Toseo HSP Process 

With	 Without 
Recycle Recycle 

Gravity, °AP1 20.9 26.0 
Viscosity, CS at 180°F 6.1 2.7 
Pour Point, OF 69.0 50.0 
Concentrated Carbon, Wt. % 5.1 2.3 
Asphaltenes, Wt. % 4.7 2.5 
Base Sediment, Wt. % 4.0 0.1

With recycle, the quantity of crude shale oil is 
decreased to 102 percent MFA, but a much higher 
gravity is produced. All other characteristics are 
decreased. The authors also report some reduction in 
nitrogen, sulfur, and arsenic content of the product oil. 

Steps to Commercialization 

The next phase of development will be to design, 
construct, and operate a 48 tons per day demonstration 
unit. This phase is conservatively estimated to require 
three years once initiated. 

The choice of a 48 tons per day plant was predicated 
upon discussions with fluid bed manufacturers and an-
alysis of each critical component of the system. 

Other Applications 

While the focus of the HSP process has been for oil 
shale, the authors also consider the technology applic-
able for processing other solid carbonaceous materials 
such as coal and tar sands. 

n rrøu 

The arsenic content and pour point of crude shale oil 
exceed the allowable pipeline specifications but the 
other properties, particularly for the recycle case, 
would permit direct shipment In a pipeline. Thus, the 
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developers believe that the HSP technology is applic-
able to plants producing either crude shale oil, or those 
which would include hydrotreating.

FIGURE 1 

TOSCO II FLOW DIAGRAM 
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IMMR ISSUES REPORT ON EASTERN 
OIL SHALE PROPERTIES 

The Institute for Mining and Minerals Research of the 
University of Kentucky has issued a roughly 300 page 
report entitled "The Chemical Engineering Properties 
of Eastern Oil Shale." The report was prepared for the 
Kentucky Department for Natural Resources and Envi-
ronmental Protection (KDNR&EP) and released in Oct-
ober 1982. Impetus for the study came when the 
KDNR&EP required data to draft environmental regula-
tions pertaining to development of oil shale in the 
state. The data presented in the report were developed 
to assist in determining water pollution potential, agri- 
cultural parameters, and physical characteristics of 
soils, overburdens, raw shale, and processed shale. The 
report is presented in four major sections: general 
geology and sampling results, leaching studies, 
reclamation studies, and engineering properties. The 
first section discusses geological conditions affecting 
oil shale recovery and looks at site and soil 
characteristics at several key locations throughout the 
state. The section pertaining to leaching studies exa-
mines aqueous effluents produced from contact with oil 
shale waste materials and considers their potential 
effects in terms of agricultural and biological hazards. 
The section on reclamation presents chemical and phy-
sical data characterizing various soils and overburden 
materials and pertaining to soil replacement and reve-
getation. The engineering properties section characte-
rizes overburden materials and both raw and processed 
(spent) shale. The report can be ordered by writing 
IMMR at the University of Kentucky, Lexington, Ken-
tucky 40512.
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TABLE 1

SAMPLES OF OIL SHALE 

Number 
of 

Country Deposit Symbol Samples 

United States Colorado AM-1 6 
Utah AM-2 12 
Wyoming AM-3 3 
Kentucky AM-4 14 

Australia Queensland A AU-1 12 
B AU-2 ii 
C AU-3 4 
D AU-4 10 

Brazil Bz:i 

Jordan Karaic JO-1 10 

Morocco Timadit MO-1 4 

Sweden SW-I 2 

Total 85 

TABLE 2 

INVESTIGATION ITEMS

Number 
of 

Item Samples 

Moisture, Ash, Volatile Matter, Heat 85 
of Combustion 

Total C, Organic C, H, N, S 85 
SiO2, Al203, Fe203, CaO, MgO 25 
Ni,	 V,	 As 25 
X-Ray Analysis, Micro-scope 16 
D.T.A., T.G.A. 25 
Retorting Properties on the Fixed Bed 

Reactor, Strength of Shale During 16 
Retorting

INTERNATIONAL 

SHALE OILS ANALYSIS 

Two papers describing the properties of various shale 
oils were recently presented at the Synthetic Fuels 
from Oil Shale and Tar Sands Symposium and field trip 
held in Louisville, Kentucky on May 17-19, 1983. 

The first paper "Chemical and Physical properties and 
Heating Behavior of Oil Shales Collected from 12 
Districts in the World" contains numerous tables and 
graphs of experimental results. Eighty-five samples 
from six countries were investigated (Table 1). Table 2 
shows the items investigated. For some items only 25 
or 16 samples were selected. Analysis conformed to 
methods for analyzing iron ore and coal specified in the 
Japan Industrial Standards (these differ from ASTM 
standard used in the United States). 

Figure 1 is a schematic representation of the equipment 
for dynamic retorting. Mechanical tasks were carried 
out using the hot rotary drum test method adopted by 
the steel industry as an expedient means of evaluating 
the hot strength of iron ores and coke (Figure 2). 

Tables 3 and 4 show the chemical composition of the 
samples. Good correlation was found between volatile 
matter and the contents of organic carbon, carbon 
dioxide, hydrogen, nitrogen, and sulfur in oil shale. A 
very good correlation was observed between the calori-
fic value and organic carbon. 

The authors found that sulfur content of the oil shale 
does not always correspond to the sulfur content of the 
shale oil. The sulfur content of shale oil appears to 
vary depending on whether the sulfur in the oil shale is 
organic or inorganic. 

The authors found differences between the retorting 
curve in their experiment and the weight loss curve by 
the thermal gravimetric analysis. These differences 
are attributed to differences in the methods. The 
differences (Figure 3) between the results of the Fisher 
assay method is considered to be due to the difference 
in method of oil condensation. 

Measurements of chemical and physical properties were 
conducted by the Idemitsu Kosan Company and pre-
sented in the second paper "Properties and Characteri-
zations of Fischer-Assay-Retorted Oils from Major 
World Deposits." The retorting apparatus used in this 
study was manufactured on the basis of Tosco modified 
Fischer assay. 

Analyses were conducted using either Japanese Indus-
trial standards or United States ASTM methods. Analy-
sis of the data includes presentation of several corre-
lating equations for such items as oil yield, carbon/hy-
drogen ratio, and heat of combustion. 

Elemental content of the shale oils is presented in 
Table 5.
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Heat of 
Total* 
Corn- Organic 

bunion C C H N S 

1,311 16.32 11.6 1.67 0.42 0.73 
1,618 18.67 14.0 1.96 0.41 0.49 
1,550 18.55 13.6 1.95 0.54 0.78 
1,614 14.38 14.0 1.61 0.44 3.37 

1,700 15.57 14.6 2.52 0.22 1.23 
1,152 11.22 10.6 1.76 0.44 0.62 
1,768 22.50 16.1 1.69 0.44 2.22 
2,387 24.80 22.8 2.77 0.87 1.33 

1,314 11.52 10.4 1.39 0.31 3.44 

1,869 20.99 15.8 2.06 0.24 3.34 
1,615 18.78 14.5 1.84 0.54 2.57 

2,267 18.00 17.9 2.06 0.19 6.32 

TABLE 3 

INDUSTRIAL AND CHEMICAL ANALYSIS 
(Weight Percent) 

Mom-
Country Sample ture Ash V.M. 

United States AM-1 0.47 66.90 32.39 
AM-2 0.34 65.20 33.99 
AM-3 0.76 63.66 34.03 
AM-4 1.02 76.21 16.51 

Australia AU-1 3.84 72.93 24.93 
AU-2 2.38 77.96 19.28 
AU-3 1.13 55.92 42.06 
AU-4 1.23 68.82 36.55 

Brazil az-i 2.14 80.74 17.56 

Jordan JO-1 1.52 59.84 39.90 
Morocco MO-1 2.41 63.18 35.30 

Sweden SW-1 1.95 70.49 19.46 

cal/g

TABLE 4 

ANALYSIS OF METALLIC ELEMENTS
(Weight Percent in Ash) 

Country Sample Si02 Al203 Fe203 CaO MgO Ni V As 

United States AM-1 42.66 9.73 4.08 25.22 8.59 0.006 0.015 0.00040 
AM-2 42.36 9.23 4.47 23.92 9.55 0.006 0.0019 0.00042 
AM-3 36.31 8.00 3.14 40.15 5.38 0.007 0.0180 0.00022 
AM-4 63.57 14.65 9.09 1.88 2.01 0.030 0.199 0.00057 

Australia AU-1 60.42 14.52 7.93 5.49 2.72 0.006 0.016 0.00015 
AU-2 65.08 18.10 9.84 0.83 1.39 0.006 0.020 0.00010 
AU-3 28.24 2.58 2.52 62.62 0.62 0.040 0.606 0.00077 
AU-4 49.48 12.50 22.80 6.44 2.22 0.030 0.020 0.00011 

Brazil BZ-1 57.25 11.81 8.32 4.72 3.50 0.006 0.015 0.00026 

Jordan JO-i 28.55 5.10 2.19 51.04 2.05 0.031 0.032 0.00016 
Morocco MO-i 38.20 9.81 4.12 34.76 5.08 0.028 0.021 0.00018 

Sweden SW-1 59.11 14.78 12.96 1.14 1.29 0.024 0.092 0.00074
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TABLES 

ELEMENTAL CONTENT OF SHALE OILS
(Weight Percent) 

Symbol Carbon Hydrogen Nitrogen Sulfur Oxygen 

AM-1 83.5-84.9 10.9-11.7 1.6-1.9 0.7-1.7 1.3-2.1 
AM-2 84.1-85.2 10.9-12.0 1.6-2.0 0.5-0.8 1.2-2.0 
AM-3 83.1-84.4 11.2-12.2 1.4-2.2 0.4-1.5 1.7-2.3 
AM-4 83.6-85.2 9.6-10.7 1.0-1.6 1.4-2.4 1.8-2.7 

AU-1 80.7-84.7 11.3-12.8 0.8-1.3 0.3-0.9 1.2-4.8 
AU-2 83.4-85.5 10.3-12.0 1.1-1.6 0.3-0.6 1.3-4.5 
AU-3 80.0-81.1 10.0-10.2 1.1-1.3 5.6-6.0 1.9-2.3 
AU-4 81.4-85.4 10.4-11.9 1.0-1.5 0.3-1.3 1.1-6.6 

BZ-1 85.3 11.2 0.9 1.1 1.5 

JO-1 77.6-79.0 9.4- 9.9 0.5-0.8 9.3-10.6 0.9-1.9 

MO-1 79.5-80.4 9.7- 9.9 1.2-1.6 6.7-7.4 1.8-2.2 

Sw-i 86.5-86.5 9.0- 9.8 0.6-0.7 1.7-2.1 1.4-1.7 

*Range are presented by minimum/maximum of normalized values 

FIGURE 1 

TEST APPARATUS FOR RETORTING 
INERT	 GAS

ELECTRIC 
- 	HEATER 

SAMPLE H RETORTING 
CHAMBER 

COOLING  
. JACKET

GAS ANALYSER -
OIL TRAP 

INERT	 GAS

jJN

.L	

OIL COLLECTOR

2-41	 SYNTHETIC FUELS REPORT, JUNE 1983 



FIGURE 2 
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FUSHUN OIL SHALE RETORT DEVELOPMENTS 
DESCRIBED 

Fushun type retorts have been operating in China since 
1930. Ding Zhong, Wang Boyang, and Lu Hexiang of the 
Fushun Institute of Petroleum Refining, the Ministry of 
Petroleum Industry, China, prepared a paper, "Improve-
ments on Fushun Type Oil Shale Retort" for the Pan-
Pacific Synfuels Conference held in Tokyo, Japan, on 
November 17-19, 1982. Another paper, "Oil Shale In-
dustry of China," was presented by J. L. Qian, Asso-
ciate Professor, l3eijung Graduate School, East China 
Petroleum Institute, Beijing, China at the Synfuels 2nd 
Worldwide Symposium in Brussels, Belgium, on Octob-
er 11 to 13, 1982. Both papers provide a general history 
of the Chinese oil shale industry and status of current 
developments. 

In Fushun, the oil shale resource is underlain by signifi-
cant coal reserves. When the coal is open pit mined, oil 
shale is obtained as a by-product. The thickness of the 
oil shale layer is about 70 to 190 meters. The Fischer 
assay shows that the oil content of the shale Is about 
4.5 to 7.0 percent (by weight). Fischer assay data are 
given in Table 1.

TABLE 1 

FISCHER ASSAY OF FUSHUN AND MAOMING
(Percent) 

Oil Shale	 Fushun Maoming 

Shale Oil	 6.69	 7.28 
Water	 3.88	 3.59 
Coke	 86.13	 86.20 
Gas +Less	 3.3	 2.93 

Sin general, Maoming's raw shale contains 
more than 17% water 

Currently about 8 to 10 million tons of oil shale per 
year is mined for retorting. In Maoming, the oil shale is 
also open pit mined, and its oil content is about 
6 percent. The annual output of shale oil is about 
320,000 tons. Three oil shale retorting refineries (2 in 
Fushun, 1 in Maoming) have been put into operation. 
The early retorts had considerable problems with shale 
utilization and the formation of shale agglomerates 
(clinkers). The actual oil yield of the Fushun retort was 
only about 55 percent of Fischer assay. 

In the vertically cylindrical Fushun retort, drying and 
pyrolysis take place in the top, and gasification occurs 
in the lower portion. The operation is continuous. Raw 
shale (sized to specification) is added from the top of 
the retort, where it moves slowly downward in contact 
with the hot gas rising up from the lower part of the 
retort. Raw shale is heated, dried, and then pyrolyzed. 
When it reaches the middle of the retort, it is heated to 
about 550°C and converted into shale coke. The shale

coke moves downward into the gasification section. 
When the temperature reaches 700 to 800°C, it reacts 
with the hot air and steam. The hot combustible gas 
goes upward to the pyrolysis section to heat the raw 
shale. in the lower section, the shale coke is gasified, 
burned, and converted into shale ash. Table 2 shows 
results of shale ash analysis. The ash moves downward 
and gives its heat to the incoming air (containing water 
vapor). It then drops to the ash dish where it is cooled 
to 70°C and automatically drawn away through a mec-
hanical device. The combustible gas containing shale 
oil vapor evolves from the top of the retort at 900 to 
110°C and goes into the cooling system. 

TABLE 2 

SHALE ASH ANALYSIS
FUSHUN AND MAOMING OIL SHALE

(Percent) 

Shale Ash Fushun Maoming 

Si0 2 62.23 64.37 
Al203 23.45 22.37 
Fe2O3 9.70 8.17 
MgO 1.41 1.51 
CaO 1.78 0.85

Significant improvements to the retort since the early 
1950s include: 

• Utilization of small size oil shale (8 to 
20 millimeters) and fines 

• Development of a 3-zone retort 

• Decrease in oil mud production and in-
crease in oil yield efficiency. 

Table 3 presents material balance data for Fushun oil 
shale. In the Fushun type retort, the latent and the 
apparent heat of the shale coke have almost been 
completely utilized. Table 4 shows a heat balance of 
the pyrolysis zone in the Fushun retort. 

By using the fixed carbon of the shale in the gasifica-
tion zone and directly using gasification gas as a heat 
carrier in the pyrolysis zone, 70 percent of the heat 
required is supplied for the retorting process. The 
remaining 30 percent is supplemented by using self-
generated gas as the heat source to heat the recircula-
tion gas. In the retort, the raw shale is in counter 
contact with the gas heat carrier, and the waste residue 
after gasification is in counter contact with the blast 
air. Therefore, the utilization of heat is complete and 
the heat efficiency is high. Though the oil content of 
raw shale processed in the retort is only 6 percent, the 
amount of heat can still be self-supplied and excess 
heat remains. 

The gas evolved from the top of the retort is washed in 
a gas collector by spraying with cooling water. About 
50 percent of the oil vapor in the gas is condensed. The 
solid particles are also separated from the gas. The gas 
then enters into the water-scrubbing tower where about 
30 percent of the oil is condensed. 
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Heat OutDut

Item kcal % 

Heat for Retorting 212,000 77 
Shale (Including 
Water Evaporation) 

Heat Carried Out by 50,300 18 
Gas 

Heat Loss 12,380 5 

Total 274,680 100

TABLE 3 

OPERATION CONDITIONS AND MATERIAL BALANCE
OF FUSHUN RETORT 

Basis	 Capacity, Tons Per Day 100-200 
Air Consumption, NM3 Per Ton 220 
Air Saturation Point, °C 83 
Material Balance Basis, Ton of Shale 

Input	 KG Output KG 

Shale	 910 Dry Gas 323 NM 3 395 
Water (Carried by Shale)	 90 Oil Vapor 45 
Air (Dry Basis)	 280 Light Gasoline 9 
Steam (Carried by Air) 	 265 Ammonia 4 
Water Added to Ash Dish	 219 Hydrogen Sulfide 2 

Water Vapor 427 
Ash (Dry Basis) 775 
Water in Ash 93 

- Water Evaporated 14 

Total	 1,764 Total 1,764 

TABLE 4 

HEAT BALANCE OF PYROLYSIS ZONE IN A FUSHUN RETORT 
(Based on 1,000 Kilogram Shale)

Heat Input 

	

Item	 kcal	 % 

Producer Gas	 89,280 32 

Water Vapor in the 	 102,130	 38
Producer Gas 

Recirculation Gas	 83,270	 30 

	

Total	 274,680 100 
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PAPER DESCRIBES USSR KUKERSFI'E RETORTING 

The Baltic oil shale (kukersite) found in Estonia and 
Leningrad district is the most thoroughly studied and 
commercially used oil shale In the Soviet Union. In 
1981, mining of kukersite reached 36 million tons. The 
majority of the mined shale is used for power genera-
tion. However, over 6 million tons Is retorted to 
produce shale oil and gas. For this purpose predomi-
nantly lump oil shale in the 25 to 125 millimeter size 
range is used. The retort feed has a calorific value as 
high as 11,700 to 14,200 la/Kg and a Fischer assay oil 
yield of 20 to 24 percent. A paper discussing oil shale 
development in the U.S.S.R, "Experience in Commercial 
Scale Production of Shale Oil From Lump Sized Kuker-
site" was given at the Synfuels Second Worldwide 
Symposium in Brussels, Belgium, October 11-13, 1982. 

Several properties of the kukersite feedstock compli-
cate processing. The feedstock has a tendency to cake, 
is transformed into a plastic state by slow heating at 
350-400°C, has a high moisture content (8-10 percent), 
a relatively low mechanical and thermal strength, and a 
high carbonate content (40-50 percent) which during 
decomposition consumes 20 percent of the total process 
heat required. The Kiviter process, continuous operat-
ing vertical retorts traditionally referred to as gas 
generators, is predominantly used in commercial opera-
tion. 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 (13,400KJ/Kg and 9 percent moisture) yields 
16.0 to 16.5 percent of crude shale oil (75 to 80 percent 
of Fischer assay oil). The yield of low calorific gas 
(3,350 to 4,200 KJ/m 3) is 450-500 m 3 per ton of shale. 
The amount of retort water obtained per ton of shale is 
200 to 250 liters, and that of the spent shale is 550-
600 Kg (dry basis). Seventy-two to seventy-four per-
cent of the chemical heat of the feed shale is recovered 
in useful products. Runs between repairs are 6 to 8 
months. 

The first 1,000 ton-per-day gas generator was con-
structed 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 arrang-
ed in the upper part of the retort. The use of two 
parallel chambers provides a larger retorting zone with-
out increasing the thickness of the bed. Additional 
heating or gasification occurs in the mid-part of the 
retort by introducing hot gases or an oxidizing agent 
through side combustion chambers equipped with gas 
burners and recycle gas inlets to control the tempera-
ture. Near the bottom of the retort is a cooling zone 
where the spent shale is cooled by recycle gas and 
removed from the retort. The discharged spent shale 
has a water content of 25 to 30 percent. 

In the semi-coking chamber, the oil shale is dried and 
heated to 500-600°C. The temperature of the heat

carrier is maintained in the range of 850-950°C. In the 
bottom of the retort the spent shale is cooled to 80- 
100°C. Oil vapors are withdrawn from the retort at 
150-200°C to a condensing system equipped with air 
coolers. 

Oil from kukersite has a high content of oxygen com- 
pounds, mostly phenols. Over 50 shale oil products 
(non-fuel) are currently produced. These products are 
more economically attractive than traditional fuel oil. 

The low calorific gas produced as by-product in the gas 
generators has a hydrogen sulfide content of 8 to 10 
g/m 3. After desulfurization, it is utilized as a local 
fuel for the production of thermal and electric power. 
Spent shale is transported by a conveyor system to the 
disposal area. Only a very small portion is currently 
utilized for the production of cement and mineral wool. 
Around 4 million tons of fly ash from pulverized burning 
of kukersite in large power stations is used annually for 
the production of building materials, for the neutraliza-
tion of acid soil in agriculture, and other construction 
areas. The retort water has a high concentration of 
phenols (10-12 gIl), and must undergo water treatment. 
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TABLE 1 

PRODUCTION SCENARIOS FOR OIL SHALE 
2000 

(Barrels Per Day) 
site/Project Mane Scenario I Scenario II Scenario III 

Parachute.Roan Creek An. 
colony-(Exxon) 48,000 48,000 18,000 Union Oil 50,000 90,000 90,000 Chevron-Clear Creek 50 ,000 100,000 000,000 MIl Oil 15,000 50,000 100,000 Cities Service 0 0 50,000 Naval Oil shale Reserve 0 0 50,000 Pacific Shale o 15,000 50,000 Getty 0 0 50,000 
Piceance Creek Area 
Cathedral Bluffs (c-b) 0 21,000 90,000 
Rio Blanco (c-a) 0 50,000 100,000 Multi Mineral 0 50,000 50,000 Exxon 0 0 60,000 
Uinta Basin Area (Utah) 
White River Project 15,000 57,000 106,000 Paraho 0 0 42,000 Tosco/send wash o 0 50,000 Geoidnetics (2 Projects) 2,000 31,000 70,000 Syntana 0 17 57,000 
Total 
Parachute-Roe,, Area 163,000 303,000 538,000 Piceance Area o 121,000 300,000 Dint. Area 12j292 190 325,000 

Total 180,000 529,000 1,183,000

ENVIRONMENT 

STUDY PROJECTS CUMULATIVE ENVIRONMENTAL 
IMPACT FROM ENERGY DEVELOPMENT 

The Colorado Department of Health in cooperation with 
the United States Environmental Protection Agency, 
Region VIII, has published the final report, "Assessment 
of the Cumulative Environmental Impacts of Energy 
Development in Northwestern Colorado." The study 
examines the direct and secondary impacts of energy 
development on land, air quality, water quality, solid 
and hazardous waste disposal, and noise in the region. 
Given base production and emission levels, the impact 
at year 2000 is forecast. The study is meant as a 
general overview of impacts and makes no attempt to 
predict the likely level of energy development in the 
year 2000. 

The Department of Health developed three Alternative 
Oil Shale Scenarios and one No Shale Scenario, which 
includes only coal, uranium, oil and gas production, and 
powerplants. None of the scenarios represents a "most 
likely" level of energy development, and should be used 
only to compare the impacts of various levels of 
development. To reduce the complexity of the task, 
only one scenario was developed for coal, uranium, oil 
and gas production and powerplants. The study recog-
nizes that this is somewhat unrealistic, since the level 
of development of these energy resources will actually 
vary with the level of oil shale development. There-
fore, the level of coal, uranium, oil and gas production, 
and powerplants may be overestimated in Scenario 1, 
Scenario II, and the No Shale Scenario. 

Table 1 shows the oil shale production scenarios by 
individual projects. Tables 2 and 3 give the production 
scenario for coal, powerplants, coal gasification and oil, 
gas, and uranium, respectively. Table 4 shows the 
population projections by county and for selected com-
munities in the region.

TABLE 2	 TABLE 3 

PRODUCTION SCENARIO FOR COAL, PRODUCTION SCENARIO FOR OIL, GAS, AND URANIUM POWERPLANTS AND COAL GASIFICATION 2000 
2000

Electrical 
Cont Generating	 Coal 

County Production NetCancity	 Gasification County Oil Natural Gas 'uranium (Tons/Year) Megawatts)	 (MM5CF/Day) (Oarrel,/Year) (MM Cubic reel/year) (Lb/Year) 
Delta 2,485,000 20	 - Delta - - 
Garfield 2,810,000 -	 - Garfield 4,200 7,100 - Mesa 
Moffat

3,700,000 570	 - Mesa 000 2,600 140,000 9,795,000 1,290	 60 Moffat 157,000 22,400 50,000 Rio Blanco 3,126,000 -	 - Rio Blanco 17,878.000 31,600 - Routt 6,290,000 460	 - Routt 148.000 66 
Utah - 700	 - Total 18,488,000 63,766 190,000 
Total 28,206,000 3,100	 60 - 
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TABLE 4 

POPULATION PROJECTIONS BY COUNTY
AND SELECTED COMMUNITIES - 2000 

Country/	 1980 
Community	 Population 

Delta	 6,754 
Paonia	 1,425 
Orchard City	 1,914 
Cedaredge	 1,184 

Delta County	 21,225 

Glenwood Springs	 6,887 
Rifle	 3,215 
Parachute	 338 
Battlement Mesa	 - 
Silt	 923 
New Castle	 563 
Carbondale	 2,627 

Garfield County 22,514 

Grand Junction/ 	 56,854 Clifton Area 
DeBeque	 279 
Palisade	 1,550 
Fruits	 2,810 

Mesa County	 81,530 

Craig Area	 10,239
Moffat County 13,133 

Rangley	 2,113 
Meeker	 2.356 

Rio Blanco	 6255 County	 ' 

Steamboat Springs 	 6,480 
Hayden	 1,720 

Routt County	 13,404 

Total	 158,061

No 
Shale 

8,500 
2,000 
2,800 
1,400 

27,600 

9,000
4,800

400
500

1,200
800

4,000
30,900 

71,600 
300 

1,900 
3,500 

99,600 

13,400 
16,900 

4,000 
4,000 

10,000 

10,500 
2,500 

19,300 

204,300

Scenario 

8,500 
2,000 
2,800 
1,400 

27,600 

9,300 
8,100 
1,900 
6,400 
2,000 
1,100 
4,000 

43,700 

78,600 
2,500 
2,200 
3,900 

111,100 

13,400 
16,900 

4,000 
4,000 

10,000 

10,500 
2,500 

19,300 

228,600

	

Scenario	 Scenario 
It	 in 

	

8,500	 8,500 

	

2,000	 2,000 

	

2,800	 2,800 

	

1,400	 1,400 

	

27,600	 27,600 

	

10,000	 12,000 

	

16,900	 44,200 

	

2,400	 8,600 

	

12,100	 19,000 

	

2,000	 3,500 

	

1,400	 1,900 

	

4,600	 5.400 

	

62,000	 111,800 

	

86,900	 90,400 

	

2,600	 4,100 

	

2,500	 2,900 

	

4,200	 4,400 

	

122,700	 129,400 

	

13,400	 13,400 

	

16,900	 16,900 

	

5,200	 6,200 

	

11,100	 15,500 

	

18,400	 24,000 

	

10,500	 10,500 

	

2,500	 2,500 

	

19,300	 19,300 

	

266,900	 329,000 

Within Northwestern Colorado there are a number of 
particularly sensitive areas including- two wilderness 
areas, Flat Tops and Mt. Zirkel; two national monu-
ments, Dinosaur and Colorado one wildlife refuge; 
habitat for a number of threatened and endangered 
wildlife species; and approximately 534,000 acres of 
cropland. Other potentially sensitive areas in the 
region include a number of United States Bureau of 
Land Management and United States Forest Service 
wilderness study areas; three registered Colorado nat-
ural areas; and habitat for threatened and endangered 
plant species.

The direct impact on agriculture of developing the 
region's energy appears to be minimal. None of Colo-
rado's exploitable oil shale resources lies beneath crop-
land. According to the Colorado Department of Agri-
culture, land reclamation procedures have usually 
restored the original productivity of such agricultural 
land temporarily removed from production. Some Im-
pact would be expected from energy-induced population 
growth and increased water consumption assuming the 
water consumption given in Table 5, and that all muni-
cipal water supply needs are net by the purchase of 
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TABLE 6 

TABLE S 

IMPACT OF USING AGRICULTURAL WATER
TO MEET INCREASED MUNICIPAL WATER NEEDS 

Municipal	 Reduction 
Water	 of Irrigated 

Scenario	 Consumption	 Land 
(Acre Feet/Year)	 (Acres) 

6,300	 3,300 
11	 9,800	 5,200 
III	 15,300	 8,100 

agricultural water rights, the irrigated agriculture 
could be reduced by 5 percent for Scenario 1, 12 percent 
for Scenario I! and 23 percent for Scenario Ill. 

To evaluate air quality Impacts, the Gaussian Puff 
model was used as a regional screening model to 
identify the worst case episodes. In addition, SAl 
performed a limited analysis using a Regional Transport 
Model (RTM). The RTM is a numerical model which 
allows for a more detailed treatment of physical and 
chemical processes in the atmosphere. 

For the mandatory Class I areas (Flat Tops and 
Mt. Zirkel) and proposed Class I areas (Colorado and 
Dinosaur National Monuments), the Gaussian Puff 
model does show violations of the twenty-four and 
three hour increment standards for both sulfur dioxide 
and particulates. There were no violations recorded 
when the results were adjusted to represent the RTM 
results. The Gaussian Puff model also indicates that 
violations could occur in Class II areas near the oil 
shale facilities. The violations occur at oil shale 
development levels less than Scenario I. 

Acid deposition was assessed in the study based on a 
USGS study finding that altitude is the single most 
important factor in determining sensitivity to acid 
deposition in the region. 

The sulfur dioxide and nitrogen oxide deposition rates 
used in this analysis are: 1.0 gram per square meter per 
year for the No Shale Scenario 1.2 for Scenario I; 
1.7 for Scenario II; and 2.4 for Scenario ifi. 

The existing pH measured by USGS of a number of lakes 
in the Flat Tops Wilderness area ranges from 7.0 to 8.0. 
The Colorado Water Quality Control Commission re-
commends that a pH of 6.5 be maintained to protect 
fish spawning. Table 6 shows projected pH levels for a 
poorly buffered lake (Ned Wilson) and a well buffered 
lake (Lower Marvine) in Flat Tops Wilderness area.

PROJECTED POTENTIAL pH OF TWO LAKES IN
FLAT TOPS WILDERNESS AREA

(2000) 

Ned Wilson Lower Marvine 
(A Poorly- (A Well-
Buffered Buffered 

Lake) Lake) 

pH 

Initial Value	 . 1.0 8.1 
No Shale 6.1 8.0 
Scenario! 6.6 8.0 
Scenario II 5.9 1.8 
Scenario 111 4.9 7.7

TABLE 7 

ESTIMATED AREA OF SPENT SHALE 
DISPOSAL PILES AFTER 30 YEARS OF OPERATION•

COLORADO
(Square Mile,)

Scenario 

	

Area	 IH	 III 

Parchute-Roan Creek	 4.6	 8.5	 14.3
Area 

Piceance Creek Area	 0.0	 3.1	 6.9 

	

Total	 4.6	 11.6	 21.2 

At an average height of 300 feet 

It is projected that oil shale facilities will produce 
spent shale at an average rate of 1.2 tons per barrel of 
oil. At this rate, Table 7 gives the estimated land area 
of spent shale disposal piles after thirty years of 
operation. Spent shale leachate should not be an 
environmental hazard if adequately contained. All 
substances covered by the Resource Conservation and 
Recovery Act (RCRA) must be disposed of accordingly. 
EPA has not yet specified any oil shale waste specifi-
cally as hazardous under RCRA. Existing landfills will 
require expansion to handle the increase in municipal 
solid waste resulting from the area population growth. 
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DRAFT EIS ISSUED FOR 
CLEAR CREEK SHALE OIL PROJECT 

The Draft EIS for the Clear Creek Shale Oil Project 
(CCSOP) was issued in February 1983 by the Bureau of 
Land Management (BLM). Camp Dresser and McKee 
aided in preparing the draft. The EIS detailed the 
Chevron/Conoco joint venture shale oil project in 
northwest Colorado. 

The CCSOP is a 70/30 venture between Chevron and 
Conoco. Chevron's STB retort technology will be used 
in the 100,000 barrels per thy facility. Specific parts 
of the proposed operation include: 

• Open pit and underground mining 
• Shale retort and upgrading facilities 
• Spent shale disposal 
• Access corridors (products, people) 
• Water reservoirs. 

Figures 1 and 2 show the general location and plot plan 
of the project. 

The ELM considered alternative configurations in add-
ition to the proposed project configuration. Some of 
the alternatives were a lower throughput (50,000 bar-

rels per thy). The specific alternatives considered in 
the siting criteria were: 

• Product transport corridors 
• Water supply systems 
• Colorado River diversion points 
• Roan Creek reservoir points 
• Shale disposal sites 
• Coal transport systems 
• Worker transport systems. 

The environmental assessment portion of the Draft 515 
covered issues ranging from air quality, water re-
sources, ecology, to socioeconomic and cultural re-
sources. 

The proposed project was not the BLM's preferred 
configuration. The Draft EIS recommended locating 
the upgrading facilities north of Clear Creek Mesa. 
Different access corridors were suggested under various 
scenarios. The alternate configuration had similiar, if 
not slightly higher, adverse environmental impact as 
the proposed project, but showed more favorable popu-
lation and fiscal impacts according to the ELM.

FIGURE 1 
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FIGURE 2 

PLOT PLAN OF CLEAR CREEK MESA MINE,
RETORT, AND UPGRADE FACILITIES 

Oil •,.-ç°-i:j1	 •'re. eli,. •l.,ii. IL	 ._. Cc,,.y.,	 -f 0p.n P11 
MI,. 

Stock p lu

TABLE 1 

CLEAR CREEK MESA RETORTING AND UPGRADING AIR QUALITY 
CLASS II AND CLASS I IMPACTS SUMMARY 

Predicts Impacts

Class It Class I Total 
Conc. Conc. Background PSD PSD Conc, 

Average Class It Time	 Clan I Time Conc. increment Increment Class II NAQOS 
Pollutant Time (pg/cu ni) Date Hour	 (j/cu m) one Hour 44/cu m) (pg/cu m) Oat/cu m) Usa/cu ml (rn/cu m) 

SO, Annual 20 - -	 0.1 - - I 20 2 21 80 
24-Hour 110 12/S 24	 2.4 8/15 24 14 91 5 '24 365 
3-Hour 324 8/25 3	 10.9 3/29 6 Il 512 25 341 1,3 

TSP Annual 12 - -	 0.2 - - IS 19 5 27 60 
24-Hour 61 11/10 24	 2.4 8/15 10 89 37 ID ISO ISO 

NO.' Annual Iii - -	 - - - 4 - - in icc 

CO 8-Hour 971 12/23 8	 - - - 2,500 -	 . - 3.471 10.0100 
,-Hour 4,075 1/6 22	 - - - 3, - - 1,075

Ptod,ello, • 0 // 	
p 

S•,,Iu. eMil _____________ 

2 2	
I •	 ' HH 

veIl. 

1	 a...., .......u.n. 

dJ,.fld 
MIo• 

'in

 SlIne 
CMI,. Loam eMit 

Sd, 

Source: Chevron (1982v). 

Modeled .s total NO, 

The air quality impacts of both configurations were 
considered similar. Most if not all of the Class II 
increments for short-term sulfur dioxide and TSP were 
consumed by the proposed and alternative facilities. 
The NAAQS for annual NO2 was exceeded in the 
modelling of the proposed case. The 24-hour TSP 
concentration was predicted to be exceeded in the 
alternate case. Tables 1 and 2 summarize the predicted 
impacts of the proposed and alternative projects on air 
quality in the region.

Table 3 lists the estimated water requirements for the 
100,000 barrels per day production rate. Ground and 
surface water impact is expected to rise as production 
rate Increases after startup. In addition, adverse 
impacts on water recreation that occur during con-
struction are expected to become beneficial impacts 
once operation commences. 
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TABLE 2 

GRAND VALLEY UPGRADING AIR QUALITY IMPACTS SUMMARY 
(1977 -1981) 

Predicted Impacts Clamit Class I 
Background PSD PSD Total 

Average	 Cone.	 Conc. Increments Increments Conc.	 NAAQS 
Pollutant	 Time	 (ig/cu ml	 Receptor	 Year	 Date	 Time	 (jig/cu m) (jig/Cu m) (pg/cu m) (,g/cu m)	 (pg/cuna) 

SO Annual 5 59 1980 - - 3 20 2 8 80 
24_ Hour 79 SI 1979 12/5 1-24 24 91 5 103 365 
3-Hour 420 SI 1978 11/24 22.24 39 512 25 459 1.300 

TSP Annual 2 59 1980 - - 33 19 5 35 60 
24-Hour 31 51 1979 12/5 1.24 121 37 10 152 150 

N0,2' Annual 21 59 1980 - - 2 - - 23 100 

CO 8-Hour 242 51 1978 3/4 I-S 1,040 - - 1.282 lO, 
I-Hour 389 5' 1980 12/16 23 2610 - - 3609 40.000 

Source: Chevron (19821) 

Modeled as total NO,

TABLE 3 

ESTIMATED WATER REQUIREMENTS FOR 
100,000 BARRELS PER DAY PRODUCTION 

Estimated Water Reauirement 
Barrels/ Acre-Feet/ 

Project Component Day Day 

Mining 60,000 S 
Retorting 200,000 26 
Upgrading 70,000 9 
Domestic 180,000 23

Total	 510,000	 66 

The EIS summary lists several areas which incur the 
most significant adverse impact by the project. These 
are:

• Surface water 
• Recreation 
• Transportation	 - 
• Vegetation 
• Wildlife 
• Soils. 

The draft concluded that the impacts on environmental 
and ecological resources are within acceptable limits. 
BLM's preferred alternative was considered to have 
provided a better population and fiscal impact on 
surrounding communities than the proposed configura-
tion.

Comments concerning the Draft EIS were to be consi-
dered by the BLM if received prior to May 3. Once all 
comments and proposed changes are evaluated a final 
EIS will be prepared and issued. 

STUDY OF RETORT EMISSIONS AVAILABLE 

A study sponsored by the Environmental Protection 
Agency (EPA) has been completed which characterizes 
control technology for hydrogen sulfide emissions from 
retort off-gases entitled "Control of Sulfur Emissions 
from Oil Shale Retorts, EPA-600/S7-82-016." 

The objectives of this study were to determine the most 
applicable technology for control of sulfur emissions 
from oil shale processing facilities and then to develop 
a design for a mobile slipstream pilot plant that could 
be used to test and demonstrate that technology. 

The work conducted included an in-depth evaluation of 
available gas characterization data from all major oil 
shale development operations in the United States. 
Data gaps and inconsistencies were identified and cor-
rected where possible through working with the deve-
lopers or researchers in the field. From the gas 
characterization data, duty requirements were defined 
for the sulfur removal systems. Based on this informa-
tion, Stretford gas sweetening technology was recom-
mended, and the design of a 1,000 cubic foot per minute 
pilot plant was completed. 
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General 

Even though the sulfur content of the synthetic oil that 
would be produced is comparatively low, sulfur emis-
sions from large-scale production of shale oil could be 
enormous. Oil shale contains up to 2 percent sulfur. A 
typical shale in the Green River Formation in Colorado 
contains about 0.7 percent sulfur. When the shale is 
retorted, between 16 and 30 percent of the sulfur is 
liberated to the gas stream, and the majority remains 
with the spent shale. According to the EPA study the 
emissions from a 400,000 barrel per day oil shale indus-
try could be as high as 760 to 1,400 tons per day if 
controls were not applied. If conventional flue-gas 
scrubbing systems were used to control the emissions 
(the average reduction is about 90 percent), the con- 
trolled emissions would be 76 to 140 tons per thy. 
However, if the sulfur could be removed before the gas 
is burned (the average reduction here is about 98 per-
cent), the controlled emissions would be on the order of 
15 to 28 tons per thy. 

The researchers believe the viability of the oil shale 
industry hinges on a sulfur-removal process compatible 
with environmental concerns. Although there are no 
federal standards for emissions for the oil shale indus-
try at this time, the State of Colorado has enacted 
legislation that limits emissions to less than 0.3 pound 
of sulfur dioxide per barrel of oil produced and an equal 
amount per barrel of oil refined. To meet this stan-
dard, at least 95 percent of the sulfur in the gas would 
have to be removed. 

The area of air pollution compliance that is of the 
greatest concern to industry and government is the 
Prevention of Significant Deterioration (PSD) require-
ments of the Federal Clean Air Act. This concept was 
enacted to prevent the addition of specified pollutants 
above a prescribed baseline value in specified air re-
gions. Colorado adopted a more stringent plan which 
limits the maximum level of sulfur dioxide in the air to 
an annual average of 10 micrograms per cubic meter. 
Thus, the maximum quantity of shale oil that can be 
produced will be limited by the effectiveness of the 
sulfur emission control system used. 

According to the EPA study, gases produced by direct-
fired retorts, either above ground or in situ, are dif- 
ferent enough from gases normally encountered in ap-
plication of desulfurization technology that the techno-
logy cannot just be transferred. Gases from direct-
fired retorts contain large amounts of inert components 
and have a high ratio of carbon dioxide to hydrogen 
sulfide, they also contain large amounts of ammonia 
and unsaturated hydrocarbons such as acetylene, ethy-
lene, propylene, butylene, and butadiene. The gases are 
saturated with water and contain some oxygen and 
trace amounts of sulfur species other than hydrogen 
sulfide. 

The large amounts of carbon dioxide in the gases and 
the high carbon dioxide to hydrogen sulfide ratios make 
it impractical in the opinion of the researchers to 
employ many of the desulfurization technologies. Since 
the gases are produced in huge volumes at near-atmo-
spheric pressures, many other desulfurization processes

cannot be economically applied. The applicable proces-
ses may perform only marginally because carbon dio-
xide Is present in large quantities. Oxygen and unsatur-
ated hydrocarbons may be present in the gases, or the 
gas may contain a large quantity of organic sulfur. 

The objectives of the study were to determine the most 
applicable control technology for control of sulfur 
emissions from oil shale process facilities and then to 
develop a design for a mobile slip-stream pilot plant 
that could be used to test and demonstrate that techno-
logy. 

Approach 

The work included an in-depth evaluation of available 
gas characterization data from all major oil shale 
development operations in the United States. Data 
gaps and inconsistencies were identified and corrected 
where possible through working with the developers or 
researchers in the field. From the gas characterization 
data, duty requirements were defined for the sulfur 
removal systems. It was found that oil shale retorting 
processes fall into two broad categories: direct-fired 
and indirect-fired retort processes, each category hav-
ing distinct duty requirements. 

The researchers determined that the overriding factor 
separating the two categories of retorting processes 
and determining which desulfurization technology to 
apply is the carbon dioxide to hydrogen sulfide ratio of 
the gas produced from the retort. Those from direct-
fired retorts have carbon dioxide to hydrogen sulfide 
ratios ranging from 76 to over 165, thus requiring that 
the process selectively remove hydrogen sulfide in the 
presence of large amounts of carbon dioxide. Indirect-
heated retorts produce gases with carbon dioxide to 
hydrogen sulfide ratios in the range of 4.3 to 5.0, which 
would allow a non-selective process to be used. 

During this study, it was determined that the greatest 
immediate concern is control of sulfur emissions from 
direct-fired oil shale retorting processes and that the 
pilot plant design should be applicable to these retort-
ing methods. Since application of desulfurization tech-
nology to gases from direct-fired retorting processes is 
more limiting, the screening of available process tech- 
nologies was based on the duty requirements for those 
gases. 

Recommended Available Hydrogen 
Sulfide Control Technology 

The class of processes that remove hydrogen sulfide and 
carbon dioxide from fuel gases is generally called acid 
gas removal or gas sweetening. Candidate processes 
are summarized in Figure 1. Acid gas or other gaseous 
impurities are removed from gas streams either by 
direct chemical conversion to acompound more easily 
separated from the gas stream by absorption into liquid, 
or by adsorption onto a solid. Because large volumes of 
gas must be processed in a typical oil shale plant, the 
researchers selected only high-capacity, liquid-phase 

-

-
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desulfurization technology. Since carbon dioxide is ab-
sorbed to some extent by all liquid-phase processes, the 
high carbon dioxide to hydrogen sulfide ratio of the gas 
limits the choice to those processes that selectively 
absorb sulfur compounds in the presence of large 
amounts of carbon dioxide. 

Of the processes that remove hydrogen sulfide by 
directly converting it to elemental sulfur, the study 
concludes that the Stretford process is the most effec-
tive. Of the indirect processes that remove hydrogen 
sulfide by separating it as a concentrated acid-gas 
stream, the following processes were determined to be 
most effective: the Selectamine and the Adip proces-
ses, which use MDEA as the absorbent, the Benfield, 
the Selexol, and the Diamox processes. The Benfield 
and Selexol processes require the gas to be at high 
pressure and thus were eliminated, since the 
researchers concluded that compression of the gas for 
desulfurization cannot be economically justified. 

Except for the Diamox process, all the candidate pro-
cesses can remove hydrogen sulfide down to about 
10 ppmv. However, organic sulfur compounds, princi-
pally COS, which exist in only trace amounts in the gas, 
are not significantly removed by the various processes. 
The presence of those compounds may reduce the 
overall effectiveness to 98 percent. 

The Stretford process was determined to be the most 
cost effective for desulfurization gases from direct-
fired oil shale retorts as shown in Tables 1 and 2. In the 
model case used to evaluate the processes, the total 
estimated cost of sulfur removed by the Stretford 
process is about 50 cents per barrel of oil produced, less 
than one-half that projected for the best of the other

processes evaluated. The gas composition chosen for 
the analysis is similar to the gas produced by the 
Paraho direct-fired retort and is shown in Table 3. 
Trace organic sulfur compounds, not included in 
Paraho's data, were added so that their effects could be 
evaluated. The quantity of trace sulfur compounds 
shown was extrapolated from data compiled from 
sources reporting on trace compounds. 

The Claus process recovers sulfur from the acid gas 
produced by indirect sulfur removal. Various Claus 
tail-gas treatment processes are listed in Figure 2. 
Because of the large quantity of carbon dioxide in the 
gas, the best indirect processes can only marginally 
produce an acid gas rich enough in hydrogen sulfide for 
the Claus process. Thus, the researchers concluded 
that to apply the Claus process, multiple stages of 
selective absorption would be required to handle the gas 
produced by many of the direct-fired retorts. 

The Stretford direct process, on the other hand, was 
determined to be only minimally affected by the quan-
tity of carbon dioxide in the gas and therefore is 
adaptable to the full range of gases produced by direct-
fired retorts. 

Design of Pilot Plant 

The pilot plant design presented in the report is based 
on the current state-of-the-art technology for commer-
cial application of the Stretford process. The maximum 
design capacity of the unit is 1,000 standard cubic feet 
per minute of feed gas and 14.6 pounds of sulfur per 
hour. The plant should be capable of reducing the 
hydrogen sulfide content of the gas to 10 ppmv or less, 
and carbon dioxide to hydrogen sulfide ratios as high as 
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TABLE 1 

ESTIMATED CAPITAL AND OPERATING COSTS FOR 
FUEL GAS DESULFURIZATION OPTIONS 

(Dollars)

COSSa 
1-Stage MDEA 

Selective 3-Stage MDEA 
Stretford Stretford Absorption Selective Diamox 

Direct Direct with Absorption Process 
Process with Process with Stretford with Claus with Claus 
Purge Stregm Purge Stream Sulfur Sulfur Sulfur 

Item	 Disposal Recovery' aecoveryd Recoverye Recovery 

Capitalccst8	 13,322,000	 14,840,000	 17,200,000	 15,551,000	 32,741,000 

Operating Cost (per year) 

Chemical Makeup 1,088,000 911,000 1,190,000 24,000 84,000 
Steam 70,000 107,000 3,812,000 7,183,000 11,530,000 
Power 303,000 345,000 234,000 158,000 1,618,000 
Fuel Gas - 328,000 - - - 
Cooling Water 526,000 578,000 1,261,000 1,545,000 1,950,000 
Waste Treatment No Cost Negative No Cost Negative No Cost 
Operating Labor 600,000 720,000 630,000 480,000 490,000 
Maintenance, Capital Recovery, 

and Miscellaneous 3,864,000 4,304,000 4,988,000 4,510,000 9,495.000 

Total Operating Cost 6,451,000 7,293,000 12,115,000 13,900,000 25,157,000 

Sulfur Recovery Credit 1,083,000 1,116,000 1,130,000 1,171,000 1,150,000 
(Per Year) 

Net Annualized Cost 

Per Year 5,368,000 6,177,000 10,985,000 12,729,000 24,007,000 
Per Ton of Shale 0.29 0.34 0.60 0.70 1.32 
Per Barrel of Oil 0.50 0.57 1.01 1.17 2.21 

(a)	 For 360 million standard cubic foot per day plant based on Paraho gas (see Table 2) 
(b)	 Stretford purge stream disposal at no cost 
(c)	 Stretford purge stream incinerated and gases, water, and decomposed sodium salts 

recycled 
(d)	 Sulfur recovered with Stretford system 
(e)	 Sulfur recovered with Claus system with SCOT tail gas treatment 
(f)	 Sulfur recovered with Claus system with BSRP tail gas treatment 
(g)	 Includes process royalty fee

200:1 should be possible. 

The pilot plant is sized primarily to remove hydrogen 
sulfide from oil shale gas produced by direct-fired 
retorts. However, use of an ejector-venturi gas scrub-
bing system affords wide gas turndown capability for 
the system. The researchers believe that the pilot 
plant can thereby operate on a slip stream from any of 
the currently proposed direct or indirect oil shale 
retorting processes in the United States. 

To function properly, the feed gas to the pilot plant 
must be 120°F or less, with most of the ammonia 
removed. A gas cooling column has been incorporated 
into the pilot design for cooling and removing the 
ammonia from the feed gas.

The estimated cost of the pilot plant with all equip-
ment, instruments, and controls, assembled on skid 
mountings as a complete and operable unit, is as 
follows: 

With Without 
Range Cooler Cooler 

(Dollars) (Dollars) 

High 520,000 338,000 
Average 400,000 260,000 
Low 308,000 200,000
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TABLE 2 

RELATIVE COSTS OF VARIOUS GAS DESULFURIZATION OPTIONS 

Selective 3-Stage MDEA 
Stretford Stretford Absorption Selective 

Direct Direct with Absorption 
Process with Process with Stretford with Claus 
Purge Stream Purge Stream Sulfur Sulfur 

Category Disposal Recycle Recovery Recovery 

Installed Capital Cost 1.00 1.11 1.29 1.17 
Utility Costs 1.00 1.51 5.90 9.88 
Total Operating Costs 1.00 1.13 1.88 2.15 
Value of Sulfur Recovered 0.92 0.95 0.96 1.00 
Net Annual Cost 1.00 1.15 2.05 2.37 
Cost Effectiveness 1.00 1.15 2.04 2.34 

• Based on a plant processing 10.2 million sm 3 of Paraho gas per thy. The most effective or 
least costly option in each category is shown as unity (1.00). The relative costs of the 
other options are shown as a ratio to the most effective or least costly system.
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66°C 
20 psia 
224 sm3 
1.2 kg/m3 
28.43 

Volume 
Percent 

3.539 
0.743 

51.342 
1.600 

17.572 
1.858 
0.743 
0.768 
0.364 
0.380 
0.323 
0.129 
0.622 
0.242 
0.566 

19.210

TABLE 3 

HYPOTHETICAL DIRECT-FIRED RETORT GAS 

Physical ProDerties 

Retort Off-Gas Temperature 
Retort Off-Gas Pressure 
Gas Rate (per ton of shale) 
Gas Density 
Molecular Weight 

Product Gas Composition 
(Wet Basis) 

H2 
02 
N 2 + Ar 
CO 
Co2 
CH4 
C2H4 
C2H6 
C3H6 
C3H8 
C4S (MW = 57.0) 
C 5 (MW = 71.5) 
C 6 4- (MW = 96.2) 
H25 
NH3 
H20 

Total	 100.000 

* Includes the following trace compounds: 
COS, 36 ppm; C52, 7 ppm; RSH, 10 ppm; 
and 502, nil 

The primary purposes of the pilot plant are to prove the 
technical feasibility of the process application and to 
obtain data needed for scaleup of the process to pro-
duction-size equipment. If the performance of the pilot 
plant both at optimum and extreme conditions matched 
the predicted results and if there were no unreconcil-
able problems, commercial application of the process 
could be carried out with confidence. According to the 
researchers, the advantages to the EPA of piloting the 
process would be to: 

• Determine the characteristics of the raw 
retort gas, treated gas, and waste 
stream. 

• Predict the characteristics of controlled 
emissions. 

• Determine the process efficiency and 
reliability.

• Evaluate transient conditions of startup, 
normal, and emergency shutdown, pro-
cess upsets, etc. 

• Evaluate the economics of the Stretford 
process. 

• Amount of hydrocarbons or other con-
taminants in the oxidizer vent. 

• Quality of sulfur produced. 

• Solution sulfur loading versus gas char-
acteristics. 

• Rate of thiosulfate formation versus gas 
characteristics. 

• Absorption of carbon dioxide versus gas 
characteristics. 

• Design parameters for the absorber 

- HS loading in the solution 
- Thiosulfate concentration 
- Na2CO3 concentration. 

• Design parameters for the oxidizer 

- Ratio of air to sulfur loading 
- Ratio of air to tank diameter 
- Height of oxidizer 
- Characteristics of sulfur 

froth. 

• Design parameters for filter 

- Filter selection 

- Pumping rates and pump type 

- Filtration rates and wash cy-
cles required 

- Sulfur quality 

- Washwater evaporation rate 
required. 

The study concludes that piloting of the process can aid 
in commercial application of the process by providing 
demonstration of continuous operation of the system, as 
well as the following data: 

• Level of hydrogen sulfide and other sul-
fur compounds in the treated gas and 
percentage of overall removal of sulfur 
compounds by the Stretford process. 

• Disposition of COS and other organic 
sulfur compounds in the feed gas. 

• Effects of unsaturated hydrocarbons in 
the feed gas on process operation and 
life of the Stretford chemicals. 
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S Design parameters for gas cooler 

Ammonia and hydrogen sul-
fide absorption versus gas 
characteristics 

- Characteristics	 of	 sour 
water. 

O Evaluation of corrosion problems and 
materials of construction. 

Conclusions 

The researchers conclude that the Stretford direct gas 
desulfurization process may be the only currently avail-
able commercial process capable of effectively remov-
ing hydrogen sulfide from gases produced by direct-
fired retorts. Application of the Stretford process to 
the treatment of these gases would extend the techno-
logy of the Stretford process into areas In which no 
experience is available. However, the researchers 
believe many questions need to be answered before the 
process can be applied with confidence to a full-scale 
commercial shale oil production facility. 

The study found that unless the Stretford process can 
be demonstrated as an effective and reliable process 
for treatment of direct-fired oil shale gases, industry 
may have to resort to combusting the gas first and then 
using less effective flue-gas desulfurization techniques. 
Because of the stringent PSD requirements, any 
increase in sulfur emissions could result In reduction of 
the potential production capacity of the shale oil indus-
try.
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WATER 

WATER SALES AT RUED! RESERVOIR 
ARE PLANNED 

An environmental assessment conducted by Simon, Li & 
Associates was released by the Bureau of Reclamation 
in March 1983. The environmental assessment is one 
element of preparing a supplemental Environmental 
Impact Statement prior to actual water sales. The key 
finding made in the options assessment is that 
93,000 acre-feet of water requests have been made 
versus a marketable yield of 70,000 acre-feet for the 
reservoir. 

The authors examined several sales alternates. Several 
options assumed use of present sales and operational 
conditions for Ruedi Reservoir, while other alternatives 
examined maximum water sales. Also analyzed were 
hydroelectric power generation, and minimization of 
risk to in-stream and recreational values. Table 1 
shows the result of the analysis.

The release of the environmental assessment signifies 
the beginning of Round 2 water sales at the reservoir. 
Key dates that have been released by the Bureau are: 

September 1983 - Pile	 Draft	 EIS	 supplement 
with EPA 

October 1983 - Formal	 public	 hearing	 on 
EISS 

January 1984 - Draft	 water	 service	 con-
tracts available for review 

February 1984 - Public	 hearing on proposed 
contracts 

- Submittal	 of	 written	 com-
ments about	 contracts	 and 
evaluation 

May 1984 - Execution of contracts. 
TABLE I

SUMMARY OF EFFECTS 

Effects Degree of 
on Effects Effects Drawdown 

Salinity Potential on TIrE on Effects Minimum groom— Capability 
Effects in Increases Species Terrestrial on - Pool ages for Winter 

on Colorado in Scour Colorado Wildlife & Recreation
Level in Winter Deliveries 

Alternatives Fisheries River & Erosion River vegetation Usage Reservoir Sales of Water 

No Action. Operations remain ma na ha na na na na Its as 
unchanged including the sale to 
Exxon. 

Sales to Augment Water Rights.
• o o 0 o ci (0 (P 21%/80% Municipal/industrial 

Sales on Demand. 20/80 Mu C) 0 0 0 0 0 (P 0 0 
Sales to Augment. Based on 

of reservoir • 0 j 0 o . • (3 ci "Single Fill" 

Sales on Demand. Based on 
Fill" of reservoir • 0 0 0 0 S • 0 Ci 'Single 

Reduced Sales on Demand. Based 
on M&i, to minimize risk to fish, 0 0 0 0 0 0 0 0 0 Wildlife and recreation 

Sales to Augument. Based on 
M&i, and minimum risk to fish, (P Q 0 0 0 0 ci 0 wildlife, and recreation 

Sales on Demand. Based on 
MId, to minimise risk to fish, Q 0 Q Q Q 0 0 0 0 wildiike, and recreation 

Run-of-Reservoir naseload 
Hydropower in addition to o o o a a M&l, fish, wildlife and a a a 0 
recreation 

Baseload Hydropower Augmented 
in Low-Flow Month, in addition Q 0 0 0 0 0 0 0 0 to MIrE, fish, wildlife and 
recreation

o - Minor Effect 
(3 - Moderate Effect 
411-  Significant effect 
na - Not applicable
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RESOURCE 

BLM TAKES ACTION ON OIL SHALE LEASING 

In the June 21, 1983 Federal Register on page 28292 the 
Bureau of Land Management (BLM) announced it was 
reopening the comment period for the proposed oil 
shale leasing program. The procedures, published in the 
Federal Reister on February 11, 1983 (pages 6510 to 
6520) would establish a competitive leasing system and 
provisions for preleasing exploration. The permanent 
oil shale leasing program is discussed in detail beginning 
on page 2-62 of the March 1983 Pace Synthetic Fuels 
Report. 

Originally, the comment period on the proposed proce-
dures was to close on April 11, 1983 but was extended 
to May 12, 1983. A number of groups have been critical 
of the procedures. These groups include the governors 
of the three western oil shale states (Colorado, Wyom-
ing, and Utah), local governments in the oil shale 
region, environmental organizations, and industry. In 
response to many requests, the comment period was 
reopened effective June 20, 1983. Comments on the 
procedures will now be accepted until August 22, 1983. 
Comments may be sent to: Director (140), Bureau of 
Land Management, 1800 C Street, N.W., Washington, 
D.C. 20240. 

In another action involving the oil shale management 
program, ELM officially issued a call f or expressions of 
interest in leasing federal oil shale lands on page 20506 
in the May 6, 1983 Federal Register. The notice 
announces the opportunity for industry to express inter-
est in specific tracts or areas of federal lands within 
the Piceance Basin Planning Area. The area includes 
federal lands southwest of Meeker, southeast of 
Rangely, and northwest of Rifle in Rio Blanco and 
Garfield Counties, Colorado. Organizations and indivi-
duals may also identify specific areas for possible 
protection from leasing. Written responses to the 
notice must be received by BLM on or before July 11, 
1983. 

The proposed tracts can be of any size and shape, but 
cannot exceed 5,120 acres in size. An expression of 
interest is not an application for a federal oil shale 
lease. It is simply a required step that will eventually 
lead to a Resource Management Plan for the area. 

Groups nominating a tract for possible leasing must 
provide the following written information: 

1. Location—Delineations should be made on 
a map with a scale not less than 0.5 inch to 
the mile and an accompanying legal de-
scription if possible. 

2. Extraction Technology—List the primary 
and alternative technological development 
preferences on a general basis (not a de-
tailed plan). This should include the type 
of mine, techniques for mining, type of 
mineral separation, type of retorting, type 
of waste disposal.

3. Quality and Quantity—Estimates of the 
quality and quantity of the mineral re-
source(s) and economic value within the 
expression area. 

4. Projected production and markets. 

5. Transportation Needs.—Include existing and 
proposed facilities (e.g., pipelines, roads). 

6. Proposed water needs and source. 

7. Proposed surface facilities. 

8. Other pertinent information. 

Similarly, those wishing to identify areas to be pro-
tected from leasing must provide: 

1. Location--Delineations should be made on 
a suitable map with a scale not less than 
0.5 inch to the mile accompanied with a 
legal description if possible. 

2. Reasons for not developing and/or leasing 
the area. 

3. The kinds of mineral activity that should 
not occur (e.g., open pit mining, under-
ground retorting, any surface disturbance, 
etc.). 

4. Other pertinent information. 

Additional information concerning this call for expres-
sions of leasing interest can be obtained from: 

Mr. John Singlaub 
Bureau of Land Management 
White River Resource Area 
Oil Shale Projects Team 
Post Office Box 928 
Meeker, Colorado 81641 
Telephone: 303/878-3601

- 

-
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EASTERN OIL SHALE GEOLOGY AND RESOURCES 

Four recent papers describe resource characteristics 
and geology of Eastern oil shale. These papers add to 
the increasing base of knowledge being accumulated on 
the Eastern black shale resource. The four papers are 
briefly summarized in the following. 

Stratigraphy Adjacent to Lexington Dome 

A paper "Eastern Oil Shale Resources in Kentucky and 
Parts of Ohio, Indiana, and Tennessee" by L. D. Barron, 
at al, presented at the conference "Synthetic Fuels 
from Oil Shales and Tar Sands" in Louisville, Kentucky 
May 17-19, 1983 described the stratigraphic correlation 
of the economically interesting black shales adjacent to 
the Lexington Dome. The paper reported on work by 
the Institute for Mining and Minerals Research of the 
University of Kentucky related to an extensive oil shale 
resource assessment being conducted by Kentucky.

The Devonian-Mississippian black shales of Kentucky 
crop out along the flanks of the Lexington dome and dip 
away from the dome into the subsurface. Figure 1 
shows the location of the Lexington dome in relation to 
other structural features in the region. The regional 
structure has resulted in the existence of three specific 
depositional areas of black shale in Kentucky. East of 
the Lexington dome is the Appalachian basin. West of 
the dome Is the Illinois basin. To the south of the dome 
is the Cumberland saddle. These three depositional 
areas are each represented by different nomenclature 
for the black shale sequences. East of the Lexington 
dome the black shale is referred to as the Ohio Shale; 
south of the dome along the Cumberland saddle the 
black shale is called the Chattanooga Shale. To the 
west of the dome the black shales are called the New 
Albany Shale. The various nomenclature applied to the 
black shale sequence has complicated description of the 
black shale resource and has also caused problems with 
correlation and interpretation. 

FIGURE 1 

MAJOR STRUCTURAL FEATURES OF KENTUCKY 
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Geochemistry, lithology, and organic content have been 
used in the recent past to correlate the organic rich 
black shales from one depositional area to another. 
However, identification of a fossil alga Foerstia has 
advanced the stratigraphic knowledge of the Farea signi-
ficantly. Foerstia was a relatively short-lived organism 
and as such provides a "time line' upon which to base 
correlations. Cross sections provided in the paper 
indicate that the organic rich sections of black shale 
are somewhat older in the Illinois basin than organic 
rich sections in the Appalachian basin. As an example, 
the Foerstia zone is located near the top of the New 
Albany Shale section west of the Lexington dome; 
however, to the east of the dome the Foerstia is 
located near the bottom of the Ohio Shale black shale 
sequence. This would indicate that the environment of 
deposition for black shale tended to migrate eastward 
across the Cincinnati Arch. 

The paper reports that six counties of Kentucky east of 
the Lexington dome are estimated to contain 20 billion 
barrels of in-place resource that is accessible by sur-
face mining at a waste-to-oil shale ratio of 2.5 to 1. 

Time-Lapse Mapping of Devonian Dark 
Shale Outcrops 

A paper, "Time-Lapse Maps of Devonian Dark Shale 
Outcrops in Eastern United States and Ontario" J. M. 
Dennison, Ph. D., at al, also presented at the confer-
ence in Louisville describes a Devonian shale time-lapse 
mapping project conducted by the authors. 

The authors prepared a composite map of all Devonian 
age outcrop of dark shale and ten detailed shale outcrop 
maps of varying ages. From thee maps the authors 
have described the age and distribution of eastern 
organic-rich shales. 

The age of deposition (variable from one area to 
another) ranges from 396 to 343 million years ago. The 
authors report the principal value of the maps is that 
they are the first detailed, uniform-scale regional com-
pilation of the outcrop patterns of the Devonian dark 
shales. They further believe that these maps should be 
useful in guiding the sampling for potential oil shale in 
poorly known areas and in examining dark shale strata 
differing in age from the better known occurrences. 
Based on the mapping and resulting interpretations, the 
authors believe that potential shale oil yield decreases 
in an easterly direction from the flanks of the Cinci-
nnati arch and the Nashville dome. 

Organic Material in Chattanooga Shale 
Described 

Another paper presented at the conference "Synthetic 
Fuels from Oil Shale and Tar Sands" described the 
organic material in Chattanooga Shale. The paper by 
Chris McGowan, Ph D., at al, is titled "Characteriza-
tion of Organic Material in Chattanooga Oil Shale and 
Shale Oil." The paper describes work conducted by 
Tennessee Technological University. The studies in-
volved the analysis of a number of cores in the Eastern

Highland Rim area of Tennessee. The Chattanooga 
Shale is divided into the Gassaway Member and the 
underlying Doweiltown Member. The Gassaway Mem-
ber is further subdivided into the Lower, Middle, and 
Upper units. The Doweiltown Member is sub-divided 
into a Lower and an Upper Unit. Table 1 shows the 
range and average thickness of the Chattanooga Shale 
units based on the core holes analyzed. Table 2 is a 
summary of the organic carbon ranges and averages for 
the Chattanooga Shale units. 

The authors report that the results of the study indicate 
that the estimated reserves for the seven county study 
area are 21.4 billion barrels of oil in the Gassaway 
Member. The Fischer Assay averages about 10.5 gal-
lons per ton for the Gassaway Member but only about 
4.8 gallons per ton for the Doweiltown Member. Only a 
very small fraction of the total organic material is 
extractable by benzene. The authors report that the 
study shows both the bitumen and the Fischer Assay oil 
to be highly aromatic and further that carboxylic acids 
do not survive the pyrolysis process. The authors report 
that the study indicates that carcinogenic aromatic 
amines are probably present In the bitumen and the oil. 

TABLE 1 

THICKNESS OF CHATTANOOGA SHALE UNITS
FOR COMBINED RESULTS FROM SEVEN HOLES 

(Feet) 

Range 
Units Minimum Maximum Average 

Gassaway 
Upper 11.7 13.1 12.3 
Middle 3.2 5.8 4.6 
Lower 3.8 6.4 5.3 

Sub-Total 21.2 22.9 22.1 

Dowelltown 
Upper 6.0 7.9 7.0 
Lower 3.7 6.8 5.6 

Sub-Total 9.7 14.3 12.6 

Total 32.6 37.1 34.8

-
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TABLE 2 

ORGANIC CARBON ANALYSIS FOR CORE SAMPLES 
FROM SEVEN HOLES

(Percent) 

Organic Carbon	 Organic 
Range	 Carbon 

Unit	 Low	 High	 Average 

Gassaway 
Upper	 12.31	 16.80	 14.54 
Middle	 5.60	 7.44	 6.74 
Lower	 11.74	 13.83	 12.73 

Dowelitown 
Upper	 1.33	 3.67	 2.26 
Lower	 6.30	 9.59	 8.11

TABLE 3 

ESTIMATED RESOURCES OF SHALE OIL
RECOVERABLE BY THE HYTOWI' PROCESS IN THE

APPALACHIAN, ILLINOIS, AND MICHIGAN BASIN AREAS' 

Total Area Resources Recoverable 
Suitable for by Aboveground 

State Surface Mining Hyoretorting 
(:square-vile) (Billion	 (Barrels/ 

Barrels)	 Acre) 

Ohio 980 140	 222,000 
Kentucky 2,650 90	 112,000 
Tennessee 1,540 44	 44,000 
indiana 600 40	 104,000 
Michigan 160 5	 49,000 
Alabama 300 4	 21,000 

Total 6,230 423

'From Janka and Dennison, 1980 

Devonian-Mississippian Oil Siale 
Stratigraphy and Resources 

A paper "The Devonian-Mississippian Oil Shale Re-
sources of the Eastern United States" by R. Daniel 
Matthews presented at the "16th Oil Shale Symposium" 
in Golden, Colorado April 13-15, 1983 summarizes pre-
vious resource studies and discusses stratigraphic corre-
lations based on the fossil alga Foerstia. The paper 
presents data from past and on-going Eastern oil shale 
studies by the Institute of Gas Technology. 

Table 3 is a summary from the paper of Eastern oil 
shale resources based on using the IGT hydrogen retort-
ing process (HYTORT). The HYTORT process is re-
ported to recover about 2.5 times more product than 
the Modified Fischer Assay. 

Much of the paper was dedicated to the discussion of 
the stratigraphic correlation of the Devonian-Mississip-
pian oil shales and the effect the discovery of the fossil 
alga Foerstia has on past interpretation and future 
investigations. The fossil alga Foerstia has been identi-
fied in the Appalachian basin, the ifilnois basin, and the 
Michigan basin. Foerstia lived for only a brief span of 
geologic time and as such provides a time line against 
which the eastern black shales can be correlated. The 
author presents information that suggests that the bulk 
of black shales located in the Illinois basin was depo-
sited before much of the black shale in eastern Ken-
tucky and Ohio. The author reports that the Cincinnati 
arch probably impeded distribution of elastic sediments 
to the west of the arch during post-Foerstia deposition. 
The paper should be of major interest to geologists 
studying the eastern black shales, and correlations 
based on Foerstia should lead to more accurate correla-
tions and resource estimates.

METHOD OF IDENTIFYING OIL SHALE SOURCE 
ROCK PROM SHALE OIL ANALYSIS IS DCEJBED 

A pre-print paper, "Biomarkers in Oil Shale: Occurrence 
and Applications" by M. F. Singleton, et. al., presented 
at the American Chemical Society Meeting in Seattle, 
Washington March 20-25, 1982, describes compounds 
which can be used to identify the source oil shale rock 
from which shale oils were derived. The compounds or 
biological markers are found in shale oil (as well as 
other organic containing rocks) and can be correlated to 
the stratigraphic position of the original oil shale. The 
paper describes investigations conducted by Lawrence 
Livermore National Laboratory under contract to the 
Department of Energy for monitoring in situ retorting 
by analysis of the shale oil. 

Analyses were done on two widely separated oil shale 
cases In the Green River formation. One of the cores 
was provided by Geokinetics and was from a hole 
located in the Uinta Basin of Utah. The other core was 
from Naval Oil Shale Reserve No. 1, near Anvil Points 
in the Piceance Creek Basin in Colorado. Both of the 
cases analyzed encompassed similar stratigraphic posi-
tions in the Mahogany Zone. 

One and two foot composite samples were prepared for 
each of the cores. The shale oil for the analysis was 
obtained from the raw composite oil shale samples by 
using a segmented reactor, the reactor was capable of 
pyrolyzing ten samples of oil simultaneously. The 
samples were heated at a rate of iot per minute and 
the temperature held at soot for 30 minutes. The 
shale oil samples were then analyzed by gas chromato-

-
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graph and the various components of the shale oil 
identified. A multitude of ratios for the identified 
components were calculated from the chromatograms. 
The ratios were then entered into a data file by: depth 
of burial; grade (gallons per ton); and elemental nitro-
gen/organic carbon of the original oil shale samples. A 
computer was then used to calculate cross-correlation 
coefficients for all of the variables and to plot the 
various data pairs. 

The paper reported that there was very good agreement 
in the correlation of the data from the Naval Oil Shale 
Reserve No. 1 corehole and the Geokinetics corehole 
samples. Correlation of the data with grade (gallons 
per ton) and ratios of nitrogen and organic carbon 
showed much better agreement for the Naval Oil Shale 
Reserve No. 1 corehole than for the Geokinetics core-
hole. The paper reported that work was continuing with 
the analysis of a third core which was also from Naval 
Oil Shale Reserve No. 1 in Colorado. 

The analysis to date seems to indicate that the burn 
fronts for in situ retorts can probably be monitored by 
an analysis of the shale oil. In addition, the detailed 
analysis of the multitude of compounds in shale oil may 
lead to better understanding of the structure and geo-
chemistry of the kerogen in oil shale. 

WYOMING PROSPECTIVELY VALUABLE 
OIL SHALE LANDS 

A notice of the classification of oil shale land in 
Wyoming was published in the Federal Register on 
November 19, 1982. The notice specified Federal lands 
in Wyoming which have been identified by the Depart-
ment of Interior Minerals Management Service as "pro-
spectively valuable oil shale lands." 

Oil shale lands in Colorado, Utah, and Wyoming were 
withdrawn from lease or other disposal by Executive 
Order 5327 on April 15, 1930. The withdrawal reserved 
the lands for investigation, examination, and classifica-
tion. The oil shale withdrawal was originally designed 
to protect potential oil shale land from development or 
disposal while evaluation of the resource was completed 
and leasing policy formulated. Areas withdrawn include 
all areas containing the lacustine Green River forma-
tion. The lands were recently reviewed and classified 
as directed by Secretary Watt in an effort to clarify the 
land status of withdrawn areas. Oil shale withdrawal 
areas in Colorado and Utah have also been reviewed and 
classified. 

The oil shale land review in Wyoming resulted in the 
classification of a total of 2,940,288 acres including 
both public and non-public lands as 'prospectively valu-
able oil shale lands." The description of the reclassified 
lands as it appeared in the Federal Register is repro- 
duced in the appendix of this issue. The original 
withdrawal area in Wyoming consisted of over 
4,100,000 acres. The criteria for determining if lands 
were prospectively valuable for oil shale was that lands 
had to contain oil shale averaging at least 15 gallons 
per ton over a minimum continuous thickness of

15 feet. Under the Wyoming review and classification, 
over 1 million acres of land have been removed as oil 
shale withdrawal area. These areas generally include 
areas along the margins of the original oil shale with-
drawal area and all of the Fossil basin area of Wyoming. 
Areas dropped from oil shale withdrawal are subject to 
BLM land use planning. Most areas will most probably 
be classified as multiple use areas. 

The areas classified as "prospectively valuable oil shale 
lands" are subject to oil shale leasing regulations when 
and if a permanent oil shale leasing policy is adopted. 

As a matter of interest, similar review and classifica-
tion of oil shale lands in Utah and Colorado resulted in 
classification of a portion of the withdrawal area in 
Utah and Colorado as "known oil shale leasing areas." 
The reclassified areas in Colorado and Utah are more 
fully described in previous issues of the Pace Synthetic 
Fuels Report on page 2-34 of the September 1981 issue 
and on page 2-31 of the September 1982 issue, respec-
tively. 

UTAH ACTS ON OIL SHALE LEASES 

On March 7, 1983 the Director of Utah's Division of 
State Lands took formal action regarding several oil 
shale leases in the state. The Director approved the 
assignment of 16 leases by Amoco Production Company 
to Amoco Minerals company. These leases, as listed in 
Table 1, encompass 10,002.84 acres in Uintah County, 
Utah.

TABLE 1 

UTAH OIL SHALE LEASES ASSIGNED TO
AMOCO MINERALS COMPANY BY
AMOCO PRODUCTION COMPANY 

Uintah County, Utah 

Mineral 
Lease 

Number	 Description	 Acres 

20670 T9S, R23E, SLM, Sec. 32: All 640.00 
20671 T95, R23E, SLM, Sec. 36: All 640.00 
20676 T105, R23E, SLM, Sec. 2: All 642.32 
20677 T1OS, R23E, SLM, Sec. 16: All 640.00 
20678 T10S, R23E, SLM, Sec. 32: All 640.00 
20679 T10S, R23E, SLM, Sec. 36: All 640.00 
20680 T1OS, E24E, SLM, Sec. 16: AU 640.00 
20682 TiOS, R24E, SLM, Sec. 32: All 640.00 
60810 T12S, R21E, SLM, See. 16: All 640.00 
20812 T12S, R21E, SLM, Sec. 2: All 640.28 
20813 T12S, R22E, SLM, Sec. 2: All 640.24 
20818 T11S, R21E, SLM, Sec. 36: All 640.00 
20819 T11S, R22E, SLM, Sec. 16: All 640.00 
20820 T11S, R22E, SLM, Sec. 32: AU 640.00 
20821 T11S, R22E, SLM, Sec. 36: All 640.00 
20822-A T11S, R23E, SLM, Sec. 32:N4 ,N&SE4 400.00

-
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In other action, the Director approved the assignment 
of Mineral Lease Number 37019 to Geokinetics, Inc., by 
Emery Energy, Inc. The 120.00 acre lease is located In 
Uintah County, Utah, as follows: 

T13S, R23E, SLM 
Sec. 12: Si BE  

See. 19: SW* NEI. 

Geokinetics was also assigned 100 percent interest In 
four oil shale leases in Uintah and Carbon counties, 
Utah. These leases are described in Table 2. The 
interest for the leases were assigned by R. J. Hollberg, 
Jr. (25 percent interest), Emery Energy, Inc. (25 per-
cent interest), and by Ceron Resources, Inc. (50 per-
cent interest).

TABLE 2 

UTAH OIL SHALE LEASES ASSIGNED TO 
GEOKINETIcS, INC. 

Mineral 
Lease 

Number	 DescriDtion	 Acres 

Carbon County 

24236	 T125,R17E, SLM, Sec. 16: All 	 640.00 

24237	 T12S,R17E, SLM, Sec. 2: All 	 2,396.96 
T11S,R17E, SLM, See. 16:All 

Sec. 32:AU 
Sec. 36: All 

tJintah County 

24239	 T11S,R18E,SLM, Sec. 2:WWI 1,639.80 
EISW 
SWISEI 

Sec. 16:NWI, 
N IS WI, 
sWISwI 

Sec. 27:SINEI, 
EISWI 
NWISEI 

Sec. 32:All 
Sec. 33:SINEI, 

NISWI 
Sec. 34:NINWI 

24240	 T10S,R18E,SLM, Sec. 36:A1l 	 546.73

-
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STATUS OF SYNFUELS PROJECTS (Underline Denotes Changes Since March 1983) 

SYNTHETIC FUELS FROM OIL SHALE 

COMMERCIAL PROJECTS 

AMERICAN SYN-CRUDE PROJECT - American Syn-Crude Corporation (S-5) 
American Syn-Crude Corporation is proposing a project to produce 4,160 barrels per day of shale oil. They 
plan to we the 0p etrasix" technology developed by Petrobras of Brazil, a surface retort. Construction would 
begin in 1985, with start-up scheduled for 1989. Both a loan guarantee and price guarantee are requested from 
the United States Synthetic Fuels Corporation under the third solicitation. The SFC passed the project 
through the maturity evaluation contingent upon completion of process development unit tests by July 1, 1983. 
The first phase of these tests has been completed with good results. 

	

Project Cast:	 $292 million 

BX IN SITU OIL SHALE PROJECT - Equity Oil Company (5-150) 
Equity received a $9.46 million contract from ERDA in June 1977, for development of in situ technology using 
superheated steam. The work was conducted on a one-acre site in the Piceance Creek basin of Colorado. The 
contract has been completed. Start-up of field project occurred 6/79. Repairs and evaluations reduced 
operations temporarily. 1,100 barrels of shale oil were produced during project operations. DOE funding 
ended March 1982. Equity continued the project at its own expense until 9/15/82. Steam injection was 
stopped in January 1982. Two coreholes may be drilled in 1983. 

	

Project Cast:	 DOE cost-sharing contract for $9.46 million. 

CATHEDRAL BLUFFS SHALE OIL CO. - Occidental & Tenneco (T3S R96W, 6PM) (S-b) 

Federal Oil Shale Lease Tract Cb, 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. A modified detailed development plant 
for 57,000 barrels per thy modified sin situ plant was submited in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional permit in December 1977. The PSD application was submitted in 
April 1981 for 117,000 barrels per thy operations. 
Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil 
prices, and high interest rates. Three proposals were submitted in January 1983 to the SFC for a revised 
project scope: 

	

Case A:	 117,000 barrels per day; above ground retorting; room-and-pillar mining; initial 
production 1988; full scale 1990. 

	

Case B:	 13,500 barrels per day; AGR and MIS retorting; room-and-pillar minigi initial production 
1988; full scale 1990. 

Case C: 21,300 barrels per thy; AGR and MIS; MIS mining; initial production 1988; full scale 
1991. 

Three headframes...-two concrete and one steel--have been erected. Four new structures were completed in 
1982: control room, east and west airlocks, and mechanical/electrical rooms. The power substation on-tract 
became operational in 1982. No shale oil processing facilities exist on the tract. Approximately 50 tons of 
raw shale were transported to Union's retorting facility in California fora retorting test in 1982. 
The site was designated a gassy mine in January 1980. Ventilation/escape (V/E), service, and production shafts 
were completed in Fall 1981. An interim operation plan was approved in September 1981 which allows the WE
shaft to fill with water under upset conditions until mine development requires water drawdown. An interim 
monitoring program was approved in July 1982 to reflect the reduced level of activity on the tract through 
March 1983. The revised project goal continues to strive for an optimized project configuration and to 
complete a design basis by first quarter 1984. 
Water management in 1982 was achieved via subsurface reinjection and direct discharge from on-tract holding 
ponds under the NPDES permit. No additional acreage was disturbed in 1982, maintaining total to date at 188 
(less than 4 percent of tract). At year end 1982 the work force on tract stood at 30. Environmental 
monitoring has continued since completion of the two-year baseline period (1974-1976). 
The project applied to the United States Synthetic Fuels Corporation (SFC) under both the third solicitation 
and the targeted oil shale solicitation. The sponsors did not submit the required Technical Proposal and 
Competitive Bid and, hence, were dropped from consideration under the targeted solicitation. The project has 
been advanced into Phase II negotiations with the SFC for financial assistance under the third solicitation. 
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Project Cost: $50.5 million spent in 1980. 
$76.5 million spent in 1981. 
$29.7 million spent in 1982. 

CHEVRON CLEAR CREEK PROJECT - Chevron Shale Oil Company, Standard Oil Company of California, and 
Conoco, Inc. (T5S, R98W, 6PM) (S-20) 

Chevron plans to have a semi-works 350 tons per day plant in operation in Salt Lake City by late 1983 using 
Chevron's Staged Turbulent Bed (STB) retort. The company has not chosen the processing technology it will 
use commercially, and process evaluation by Foster-Wheeler will continue while the STB retort is developed. 
The planning and front-end engineering contractor is Morrison-Knudsen. Construction of commercial plant 
northwest of DeBeque, Colorado would begin in 1987, and full capacity production by modular increases to 
50,000 barrels per thy would be achieved by early 1991. Continued modular increases to 100,000 barrels per 
day are expected in early 2000s. Foster-Wheeler awarded $45 million contract 10/81 to design and engineer 
350 tons per thy semi-works staged turbulent bed adjacent to its refinery near Salt Lake City completion is 
expected by the end of 1983. Permitting is being coordinated through the Colorado Joint Review Process. 
Under an agreement finalized January 31, 1982, Conoco exchanged about 690 million tons of recoverable coal 
from Illinois, Montana, and West Virginia for about 30% of Chevron Shale Oil Company's interest in the 
project. 

Favorable draft environmental impact statement has been released by the Bureau of Land Management. Final 
EIS expected summer 1983. The decision to go ahead with a commercial project will not be made until the 
semi-works project has been thoroughly tested. The earliest that decision would be made is 1984/1985. 

Project Cost:	 $5 million in 1979 
$16 million in 1980 
$28 million in 1981 
Semi-Works - Estimated at $200 Million 
Estimate $7 billion for full 100,000 SPO 

COLONY SHALE OIL PROJECT - Exxon Company USA (T5S R95W, 6PM) (S-30) 
Proposed 47,000 barrels per thy project on Colony Dow West property near Parachute, Colorado. Underground 
room-and-pillar mining and Tosco II retorting planned. Production would be 66,000 TPD of 35 GPT 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 consummated 2/1/80. On August 1, 1980, Exxon acquired 
ARCO's 60 percent interest in project for up to $400 million. Preferred pipeline destination is now Casper, 
Wyoming, and Final EIS is completed. Work on Battlement Mesa community commenced summer 1980. 
Colorado Mined Land Reclamation permit approval October 1980. Site development is proceeding. C.F. 
Braun awarded contract 12/80 for final design and engineering of Tosco 11 retorts. Brown & Root will 
construct the retorts. Stearns-Roger awarded contract 2/81 for design and construction liaison on materials 
handling and mine support facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 
On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the 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 is undertaking an orderly phasedown of the project. Construction of 
Battlement Mesa will be continued on a reduced scale. An Exxon organization will remain in Parachute area 
to perform activities including reclamation, some construction, security, safety, maintenance, and environ-
mental monitoring. 

Project Cost:	 Estimated in excess of $3.4 billion and up to $6 billion 

CONDOR PROJECT - Southern Pacific Petroleum: 50%; Central Pacific Minerals: 50%) (5-31) 

A substantial drilling program was begun in February 1982 in the condor area (extreme northeastern portion of 
Queensland, Australia) to prove and extend the reserves of oil shale; to obtain samples for process 
investigation; and to perform geotechnical and hydrological studies. A total of 90 holes were drilled by 
December 1982. Drilling work was also carried out to confirm a suitable location for a "slot-cut" for bulk 
excavation of oil shale sample. The excavation was completed in November 1982, with approximately 100,000 
tons of overburden and 5,800 tons of oil shale sample removed. The shale sample was crushed and screened 
onsite and was shipped to various retort licensors for testing. A bench scale testing program was started in 
late 1982. Detailed testing is scheduled to begin in 1983 by selected retort licensors. Investigations of the 
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infrastructure requirements in the Condor area were also made during 1982. These included surface water 
studies, coastal studies, and preliminary port and pipeline investigations. 

Project Cost:	 Undisclosed 

EDWARDS ENGINEERING - Edwards Engineering Corporation (5-33) 
Edwards Engineering Corporation Is proposing a project to be located In Utah or Colorado (Green River, 
Piceance, Uintah, Sand Wash, or Washakie Basins) to produce an unspecified amount of oil from shale using the 
Edwards Anaerobic Metal Surface Retort with heat recovery. Construction would start In September 1984, 
and completion would be In December 1989. A purchase guarantee was requested from the United States 
Synthetic Fuels Corporation under the third solicitation. However, the project did not pass the SFC's project 
maturity evaluation. The project also applied for assistance under the SFC's targeted oil shale solicitation, but 
was not selected as a qualified bidder. 	 - 

Project Cost:	 Not Disclosed 

LOGAN WASH OPERATIONS - Occidental Oil Shale, Inc. (77S, R97W, GPM) (5-50) 
Occidental has developed its modified in situ retorting technology at Its Logan Wash Operations site new Dc 
Beque, Colorado. Field tests were begun in 1912. Initial tests were conducted on three experimental size 
retorts measuring 30 feet square by 70 feet high. Nearly 30,000 barrels of oil were produced from the first 
commercial size retort between December 1975 and June 1976. A $60.5 million cost-sharing contract was 
signed 9/30/77 with DOE. Production from Retort 5 was 11,287 barrels. Retort number 6 was rubblized 
3/25/78. Retort 6 produced nearly 55,000 barrels, of which 48,100 barrels were recovered and stored. PSI) 
permit for Retorts 7 & 8 awarded 11/1/79. Retorts 7 and 8 which measure 165 x 165 x 246 feet high were 
ignited in January and February of 1982 and have been processed simultaneously. Retorts 7 and 8 produced 
nearly 200,000 barrels of shale oil. Quenching and monitoring operations on Retorts 7 and 8 are continuing. 

Project Cost:	 $180.2 million spent to April 30, 1983 on Phase I and II of DOE Cooperative Agreement 
with $38 million contributed by DOE. 
$60.5 million DOE cost-sharing contract 

MEANS OIL SHALE PROJECT - Southern Pacific Petroleum and Central Pacific Minerals (S-36) 

Southern Pacific Petroleum and Central Pacific Minerals are joint sponsors of a project proposed to the United 
States Synthetic Fuels Corporation to extract oil from eastern shale. The Dravo Traveling Grate Retort 
technology is to be used to produce a projected 13,440 barrels of upgraded shale oil per thy. Full operation of 
the plant is scheduled for the second quarter of 1988. Theproject passed the SFC Phase I evaluation of 
maturity in February 1983. Both price and loan guarantees are requested from the United States Synthetic 
Fuels Corporation under the third solicitation. The companies are also seeking suitable joint venture 
arrangements with United States companies. 

Dravo is acting as project manager and continuing full range of engineering activities related to design and 
feasibility. 

Project Cost:	 Approximately $1 billion 

MOBIL PARACHUTE OIL SHALE PROJECT - Mobil Oil Corporation (T6a R95W, GPM) (s-40) 
Mobil is proceeding with development plans for its shale property located four miles north of Parachute. 
Currently, construction is now planned to begin In the late 1980s with an Incremental buildup in production to 
100,000 barrels per thy after the year 2000. Underground room-and-pillar mining will be used along with on 
site surface retorting and upgrading. Mobil has requested the United States Bureau of Land Management to 
prepare an Environmental Impact Statement which has been initiated in anticipation of future permit 
applications. Bechtel Petroleum, Inc., was awarded a contract in August 1981 to provide engineering and 
construction services.
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Project Cost:	 Estimated $8 billion for 100,000 BPD production 

PACIFIC PROJECT - Superior (20%), Sohlo (60%), and Cleveland-Cliffs (20%) (T6% R98W, 6PM) (9-60) 
Sohio, Superior, and Cliffs are evaluating development plans for the Pacific Property. 
Phase I, Superior's engineering design and environmental work for a 15,000 barrels per day demonstration plant 
utilizing Superior's circular rate retort under a cooperative agreement with DOE, was completed in 
September 1982 and will serve as a basis for finalizing the time schedule for detailed design, procurement, and 
construction on the demonstration module plant. 

Cleveland-Cliffs applied to the United States Synthetic Fuels Corporation (SPC) for a loan guarantee under the 
SFC's second solicitation that ended June 1, 1982. However, the project did not pass the SFC's maturity tests. 
A second proposal was submitted by Cleveland-Cliffs Iron Company under the third solicitation. The project 
was considering alternative technologies, including the Superior Oil/Davy McKee circular grate retort, to 
produce 45,000 barrels per thy of shale oil. Construction of the first 15,000 barrels per thy module was 
expected to begin in 1984 with completion by January 1987. A loan guarantee from the United States 
Synthetic Fuels Corporation was requested for the Cleveland-Cliffs portion only. Cleveland-Cliffs withdrew 
its request for SFC support prior to the closing of the third solicitation. The Pacific Shale project remains 
active but will not go into commercial development at this time. The venture partners completed in early 
1983 a commercial feasibility study for a project of 50,000 barrels and 100,000 barrels per thy hydrotreated 
product. The venture partners have signed an agreement with the Bureau of Land Management to conduct an 
area EIS for which Mobil will share 50 percent of the costs. Through Cliffs Oil Shale Corporation, Cleveland-
Cliffs holds 20 percent of Pacific (Sohlo Shale 60 percent and Superior Oil 20 percent), and 10 percent of 
Mineral Oil Shale (Superior Oil 60 percent and Shoio Shale 30 percent). Through Cliffs Synfuels, Cleveland-
Cliffs also holds 40 percent of Skyline I (Utah) with Sohio Shale holding 60 percent. 
The Superior Retorting Process—Superior continues to provide testing and process designs for various oil shale 
deposits both domestic and foreign. 

Project Cost:	 Not available. 

PARACHUTE CREEK SHALE OIL PROGRAM - Union OR Company of California MS, R9W, 6PM) (S-b) 
Union owns 30,000 acres of fee land in the Parachute Creek area in northwestern Colorado, including 20,000 
acres of oil shale resource land. These lands contain some 1.6 billion barrels of recoverable oil in the high 
yield Mahogany zone alone. Construction is underway on a 10,000 barrel per thy facility which will become 
the first commercial shale oil facility In the United States when production begins In 1983. The Union 
Unishale "B" upflow retort is under construction. Union's "B" Indirect retort Is a modification of their direct-
heated, rock pump retort, field tested with a demonstration plant in the late 1950s which produced as much as 
800 barrels of shale oil a thy. A facilities area has been excavated in Union's underground room and pillar 
mine to accommodate a change house, warehouse, maintenance shops, and shale crushers which are now 
installed. An upgrading plant which will convert the raw shale oil into high quality synthetic crude oil is also 
completed. A rail spur to the upgrading plant was completed 5/82. Daniel Construction Company is the prime 
contractor for Union's project. Daniel also operates a housing complex on site for single status workers. 
Phase II will be constructed In four 20,000 barrels per thy modules and Is scheduled to come on line between 
1990 and 1994. Each module of Phase II will include two Union Oil retorts identical or similar to the one 
utilized in Phase I. Phase II also will involve the expansion of the mine and upgrading plant being used for 
Phase I as well as opening a new mine. Union Oil has requested assistance from the United States Synthetic 
Fuels Corporation to support the operation of the first 20,000 barrelsper day module of Phase IL The Phase II 

agreement nfl, unaer wmcn tne P01) will purchase 3,000 barrels per thy of JP-4 and 7,000 barrels per thy of 
DPM/DF-2, based on a June 30, 1981 price of $42.50 per barrel of product. The project cost Is estimated to be 
$600 million. Union has entered the Colorado Joint Review Process to permit an expansion to total production 
of 90,000 barrels per day by 1993. 
Project Cost: Approximately $600 minion 

• PARAHO-UTE SHALE OIL FACILITY - Paraho Development Corporation; Kellogg-Rust Synfuels, Inc.; Sohio Shale 
Oil Company; Texas Eastern Synfuels, Inc. (T95, R25E, Sec. 32, SLM) (S-SO) 

Paraho Development Corporation is currently pursuing the development of Phase I of the Paraho-Ute Project 
to be located on over 5,500 acres of oil shale lands dedicated to the Project. The initial phase of the Project 
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will utilize a Paraho aboveground retort to produce approximately 14,000 barrels per day of hydrotreated shale 
oil. By-products of retorting include ammonia, sulfur, and electricity from excess low-BTU gas. All permits 
required for construction have been submitted with approval already granted or pending. 
Paraho is requesting loan and price guarantees for the Project from the United States Synthetic Fuels 
Corporation's third solicitation. The project passed both the SFC's project maturity and strength evaluations 
and was advanced into Phase U negotiations for financial assistance. Pending the mutually satisfactory 
completion of final negotiations between the Project and the SPC, construction on the Project could possibly 
get underway in 1984 with production beginning in 1985-1987. 

Project Cost:	 Phase 1: $1.426 billion 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (S-90) 
A 2,200 TPD Petrosix demonstration retort located near Sao Mateus do Sul, Parana, Brazil. The plant has been 
operated successfully near design capacity in a series of tests since 1972. A United States patent has been 
obtained on the process. A 50,000 barrels per day plant is now being designed. Preliminary indications favor a 
scaled-up facility about five miles from existing site. Part of commercialization project is underway, viz. 
mine expansion, engineering of the retort, and equipment procurement. Partial operation will begin in 1985, 
and full capacity will be reached in 1987. Cold flow tests have been completed on 11-meter kiln. This is a 
scale-up factor of four over the existing 18-foot inside diameter retort. 

Project Cost:	 Total expenditures in excess of $200 million 
Projected cost of 50,000 BPD plant is $2 billion 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels international, Inc. (S-95) 
Ramex began testing an in situ oil shale gasification burner in mid-1982. The single-hole process gasifies the 
oil shale kerogen to process high-BTU gas (500 to 800 BTU per standard cubic feet) and liquid condensates. 
After successful testing of the burner, at its site in Avintaquin Canyon, Utah, Ramex plans to conduct tests On 
Irati oil shale deposits near San Paulo, Brazil. Commercial Production of Resources and Minerals (CPRM) is a 
corporation controlled by the Brazilian government that will be a joint venture partner in the tests in Brazil. 

Project Cost: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE COMPANY - Gulf & Standard (Indiana) (T2S R99W, 6PM) (5-100) 
Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to 
acquire rights to tract; lease issued 3/1/74. Completed four-year modified in situ demonstration program at 
end of 1981. Burned two successful retorts. First retort was 30' x 30' x 166' high and produced 1,876 barrels of 
shale oil. It burned between October and late December of 1980. Second retort was 60' x 60' x 400' high and 
produced 24,444 barrels while burning from June through most of 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. The off-
tract land bill was signed by the President in late 1982. The project Is still In suspension until lease obtained. 
Pumoinc of mine water and sour water from the retorts continues. In May 1983 a flash flood washed out the 

million one to five TPD Lurgi pilot plant at Gulf's Research Center In Harmarville, Pennsylvania. Process 
development unit has been completed. Detailed engineering and planning for open pit-surface retorting 
development are being carried on at company's Aurora office. The company has not as yet developed 
commercial plans or cost estimates. 

Project Cost:	 Four-year process development program cost $132 million 
No cost estimate available for commercial facility. - 

RUNDLE PROJECT - Southern Pacific Petroleum/Central Pacific Minerals (50%) and Esso Australia (50%) (5-110) 

Development of the Rundle deposit in Queensland, Australia. In April 1981, two-module Phase I was shelved 
due to economic and technical uncertainties. New agreement between Esso and SPP/CPM on 5/27/81. Esso 
will commit to a minimum of A $30 million (US$33.6 million) directly on work program over first 3 years, and 
not less than a further A $20 million (US$22.4 million) should Esso elect to continue for a further 2 years (9/81 
CSFR, 2-3). A similar project agreement (see 3/82 Synthetic Fuels Report, page 2-13) was signed on 12/18/81 
and took effect in March 1982.
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Project Cost: See above 

SEEP RIDGE - (T14% R22E, Sec. 2, SLM) in Ulntah County, Utah (5-113) 

Geokinetics has been conducting field tests in Uintah County, Utah to develop horizontal in situ retorting 
technology since 1975. Obtained ERDA contract 7/77 to develop technology in thin horizontal beds of oil 
shale. Permeability is established In formation by raising the shallow overburden during explosive fracturing 
of the shale formation. Total production to February 1, 1983 was 70,000 barrels. 

Retorts 24, 25, and 26 are the same size (217' x 230' x 30' In 22 OPT shale). Retort 24 was ignited early 
December 1980; operation was completed 7/23/81 with total production of about 12,000 barrels. Retort 23 (50' 
x 100' x 241), ignited late March 1981. Retort 25 blasted 8/7/81; ignited in early November 1981; operation was 
stopped 6/15/82 with total production of about 21,000 barrels. Average production was about 100 barrels per 
thy. Retort 26 blasted in October 1981, ignited on July 8, 1982 and operation terminated on February 22, 1983 
with a production of 23,000 barrels. Retort 27 was blasted on February 27, 1982, and retort 28 was blasted on 
Augimt 18 1982. Retorts 27 and 28 are 300' x 330' x 30' and cover twice the area as 24, 25, and 26. Retorts V 
and 28 will be processed si multaineousry during fiscal year 1983. 
FY83 funding was initially to have been $2.7 million, but was reduced to $1.35 million. 
Under the United States Synthetic Fuels Corporation (SFC) second solicitation that ended June 1, 1982, 
Geokineties requested both loan and price guarantees for two projects in Uintah County, Utah. The Wolf Den 
project would utilize Geokinetic's true in situ technology to produce 3,500 barrels per thy of shale oil. The 
Agency Draw project would employ Tosco II surface retorting to produce 16,000 barrels per thy of shale oil. 
Neither proposed project passed the SFC's project maturity tests due to lack of equity sponsors. At the SEC 
third solicitation that ended January 10, 1983 Geoklnetics requested loan and price guarantees for a new 1,000 
barrels per day project, Seep Ridge (which is a scale-down of the Wolf Den project), designed to take 
advantage of the developed test site at Kamp Kerogen and to fully utilize the Caribou refinery, where crude 
shale oil is refined into military specification JP-4 jet fuel under a contract with the Department of Defense. 
Seep Ridge passed the SFC maturity tests and project strength evaluation and is currently in Phase H 
negotiations with the SEC on the terms of loan and price guarantees. 

Project Cost	 DOE cost-sharing contract valued at $15 million 

SILMON SMITH PROJECT - Shale Energy Corporation of America and Kellogg Corporation (5-116) 

The Shale Energy Corporation of America (SENCA) and the Kellogg Corporation are the sponsors of the Silmon 
Smith oil shale project. This project would produce approximately 5,800 barrels per day of shale crude from 
oil shale mined using the room-and-pillar method and processed in a surface retort. Operation of the plant was 
scheduled to begin 42 months after project initiation. A price guarantee was requested from the United States 
Synthetic Fuels Corporation under the third solicitation. However, the project did not pass the SEC's project 
maturity evaluation. 

Project Cost	 Not Disclosed 

TOSCO SAND WASH PROJECT - Tosco Corp. (T9S R2IE, SLM) (5-120) 

Proposed 49,000 BPSD project or 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, 
Utah. A State-approved unitization of 33 non-continguotm leases required $8 million tract evaluation, which 
has been completed. A minimum royalty of $5 per acre begins in 1984 and increases to $50 per acre in 1993. 
On-site environmental assessments have been completed and applications for right-of-way permits for roads, 
water pipeline, inter-block conveyors, power lines, underground mine access tunnels and product pipeline were 
submitted to Bureau of Land Management in April 1981. Find EIS for the project was issued on February 
1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air quality permit was approved 
in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and 
related facilities. Construction of this initial development shaft and experimental mine would enable 
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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 TPD TOSCO II pyrolysis unit and related oil upgrading 
facilities. During the third phase, Tosco will expand the facility to six pyrolysis units and a 66,000 TPD mine, 
producing a nominal 50,000 barrels per day of shale oil. Contemporaneous development of Phases 1 and 2 is 
being considered. Construction of the first phase could begin as early as 1984 and startup of the first retort 
could begin as early as 1988. The basic design of the single train and six train facilities have been completed. 
The estimated cost of the single-train plant is $820 million in second quarter 1982 dollars. Tosco is currently 
pursuing a variety of sources of public and private financing and additional equity participation to provide the 
capital required to assure the successful construction and operation of the proposed facility. 

Project Cost:	 In excess of $1 billion 

UNION LONG RIDGE PROJECT - Union Oil Company of California (T5S R95W, 6PM) 
(See Parachute Creek Shale Oil Program - Union Oil Company of California (TsS R95W, 6PM) 

U. S. SHALE PROJECT - United States Shale, Inc. (S-125) 
United States Shale, Inc., is proposing a project to produce 10,000 barrels per thy of shale oil from Eastern 
shale in Tennessee utilizing Everman Hot Oil Retorts. A modular concept will be employed whereby groups of 
5 to 10 modules will be installed with each group producing 1,000 barrels per day. A loan guarantee and 
purchase commitment were requested from the United States Synthetic Fuels Corporation under the third 
solicitation. However, the project did not pass the SFC's project maturity evaluation. 

Project Cost:	 Not Disclosed 

WHITE RIVER SHALE PROJECT - Phillips, Sohlo & Sunoco ('no, R94E, SIAM) (S-130) 
Proposed joint development of Federal lease Tracts U-a and U-b in the Ulntah Basin near Bonanza, Utah. 
Bonus bid for Tract U-a was $76.6 million by Sun (now Sunoco) and Phillips. Bonus bid for Tract U-b was $45.1 
million by White River Shale OR Corporation (jointly owned by Phillips, Sohio and Sunoco). Rights to Tract U-
b subsequently assigned to Sohio. Both leases issued 6/1/74. Initial Detailed Development Plan (DDP) filed 
with Interior 6/76 proposes modular development with ultimate expansion to 100,000 barrels per day. The Final 
Environmental Baseline Report was issued on 11/15/77 by WRSP. Application for one-year suspension of lease 
terms granted 10/76 based on environmental considerations. This suspension was superseded by a court 
injunction suspending the lease terms based on property title questions. On April 30, 1980, WRSP filed suit in 
United States District Court (Salt Lake) to preserve its investment beyond statute of limitations date. On 
May 19, 1980, United States Supreme Court ruled against Utah by reversing lower court's decisions in the In-
lieu case. The injunction order suspending the U-a and U-b federal lease terms was uncontested and in full 
force and effect until March 1, 1982 when it was lifted at the request of White River. Updated draft DDP 
submitted to Interior November 1980. Final draft DDP was submitted for approval September 1, 1981. PSD 
permit application submitted to EPA/UBAQ 8/28/81. DDP was approved by the Oil Shale Office on March 2, 
1982. PSD permit approval received August 1982. 
WRSP's planned Phase I facility includes two Unishale B retorts along with an upgrading plant to produce 
15,000 barrels per day of upgraded shale oil. WRSP also plans additional pilot plant work on circular grate 
retort technology. Prime contractor is The Ralph M. Parsons Company. The first phase of the project, 
scheduled to be operating by 1989, includes underground mining of 27,000 TPD. If successful, the plant will be 
expanded in successive stages with a potential capacity of 106,000 barrels per day by the mid 1990s. 

The sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation and 
the project was advanced into the negotiation phase for financial assistance. Additionally, the project 
sponsors applied to the SFC under the targeted oil shale solicitation, but did not submit the required Technical 
Proposal and Competitive Bid. 

Project Cost:	 Cost estimates in preparation
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COTTON WOOD WASH PROJECT - Magic Circle Energy Corporation (S-140) 
The 76,000 acres of State of Utah oil shale leases currently owned by Magic Circle Energy Corporation were 
acquired from Western Oil Shale Corporation through a stock exchange In July 1980. The proposed project will 
be on a 6,370-acre parcel (10,254 acres when land trade in complete) called "Cottonwood Wash." The 
remaining acreage is in small, non-continuous parcels which are currently being evaluated for exchange 
purposes to provide for additional commercial properties. 

In December 1980, Magic Circle decided to initiate a project to explore development of the Cottonwood Wash 
site. Science Applications performed feasibility studies, permit applications, and environmental evaluations. 
Synfuels Engineering and Development, Inc., has updated the feasibility studies, advanced permit applications, 
and submitted an application to the United States Synfuels Corporation for a loan guarantee and price support. 
Small scale (20' diameter) retort (Parabo technology) will be used to process 17,500 tons per thy of 26 gallons 
per ton oil shale. The room-and-pillar mine would be 1,500 to 1,900 feet below the surface. The production 
will be 8 260 barrels per thy of crude shale oil. The project Is currently in the planning and preliminary design 
phase wtlflynfuels Engineering and Development Company the primary contractor. The project sponsors 
applied to the United States Synthetic Fuels Corporation for a loan guarantee and limited purchase agreement 
under the SFC's third solicitation. The project passed the SFC's project maturity tests, but did not pass the 

Project Cost	 Capital cost estimated at $560 million. 

EXXON COLORADO SHALE PROJECT - Exxon Company USA, Inc. (5-160) 

Exxon is studying the possibility of building a shale oil plant in northwestern Colorado. Exxon has oil shale 
reserves in the Piceance Creek basin of Colorado which total about 9 billion barrels of oil-in-place. However, 
properties are in small scattered tracts. On 12/28/79 Exxon petitioned ELM to exchange scattered acreage for 
consolidated federal acreage. Delineation of work required for environmental impact study has been Initiated. 

Status: Planning. 

Project Cost: Not determined 

GEOKINETICS INC. - (T14S R22E, Sec. 2 SLM) in Uintah County, Utah (see Seep Ridge) 

JULIA CREEK PROJECT' CSR LIMITED (5-180) 

Preliminary investigation was conducted in 1980 to determine feasibility of a 100,000 barrels per day project 
in Julia Creek deposit of northwestern Queensland, Australia. Project would Involve surface mining, 
aboveground retorting, and on site upgrading to produce a premium refinery feedstock. The study determined 
that the FOB price of the shale oil would need to be $42 US per barrel for the project to generate an economic 
return. Further studies have developed metho.ds to reduce the price by $5-6 US per barrel. Average shale 
grade is 17 to 22 GPT by Fischer Assay. Detailed feasibility study planned before final technology selection. 
Goal is to reach full-scale production by 1990. Although no firm decision on process selection has been made, 
CSR's feasibility study is based on Tosco II. Feasibility study indicates additional study Is warranted. CSR is 
seeking partners in project. 

Project Cost:	 $A300 million for a 5,000 BPD pilot plant. 
$A5.8 billion for a 115,000 BPD commercial project 

NAVAL OIL SHALE RESERVE DEVELOPMENT - TRW Inc., DOE (S-200) 

The Department of the Navy issued RFP 6/77, calling for preparation of Master Development Plan for Naval 
Oil Shale Reserves 1, 2, and 3. Objective is to put NOSR in position for large scale development of resources 
within five years. Contract awarded 6/22/78 to team composed of TRW, CF Braun & Company, Gulf Research 
& Development Company, Williams Bros. Engineering Company, and Tosco Corporation. Comparative analysis 
of NOSH 1 and eight other Piceance Creek basin properties has been completed. Draft EIS issued September 
1980. The United States Department of Defense formally transmitted a proposal to the United States 
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STATUS OF SYNFUELS PROJECTS (Underline Denotes Changes Since Mardi 1983) 

R & D PROJECTS (Continued) 

Synthetic Fuels Corporation (SFC) in August 1982 seeking financial assistance to develop commercially NOSR-
1. Due to the current world crude oil availability and subsequent lack of interest in most synthetic fuels 

Project Cost:	 $2.16 million through 10/1/79 
$60 million in 4 annual options 

SYNTANA-UTAH PROJECT - Synthetic Oil Corporation, Magic Circle Energy Corporation, Quintana Minerals 
Corporation (S-210) 

The Syntana-Utah Project is a joint venture of Synthetic Oil Corporation of Oklahoma City, Oklahoma, Magic 
Circle Energy Corporation of Oklahoma City, Oklahoma, and Quintana Minerals Corporation of Houston, 
Texas. The joint venture was organized to undertake the production of synthetic crude oil from oil shale 
reserves in Eastern Utah. The venture holds some 8,000 acres of reserves, representing a combination of 
mineral leases acquired from the State of Utah and leases negotiated with private tee-owners. These holdings 
in Uintah County are distributed over several townships near the Utah/Colorado border. Syntana-Utah has 
formally requested that the State of Utah and the Department of the Interior/Bureau of Land Management 
undertake an exchange of state for federal lands. 
Quintana Minerals Corporation as the project operator has the responsibility of carrying the project from its 
current status (feasibility study complete) through detailed engineering, construction, startup, and commercial 
operation. An initial facility targeted for startup by 1989 and with a design capacity of 16,500 barrels of 
upgraded oil per stream day will utilize a portion of the resource. This initial facility development Is to be 
followed by a continuing effort later to expand capacity to the level of 57,000 barrels per stream thy. 
Syntana-Utah has spent over $3 million and it projects a cost of $1.2 billion to $1.5 billion for the Initial 
facility. Initial engineering studies have been performed by Davy McKee and Morrison-Knudsen. Syntana-
Utah participated in a Regional EIS which was issued in February 1983. Air quality WED) and other permits 
are being pursued. 
Syntana-Utah submitted a project proposal requesting that they be accepted as a Qualified Bidder under the 
United States Synthetic Fuels Corporation's Competitive Solicitation for oil shale projects, but did not submit 
the required Technical Proposal and Competitive Bid. 

Project Cost	 $1.2 billion to $1.5 billion 

United States BUREAU OF MINES SHAFT - Multi Mineral Corporation (TiS, R97W, Sec. 30, 6PM) (S-190) 
USBM began drilling 10-foot diameter, 2,400-foot deep shaft 3/77. Objective was to mine samples of oil shale, 
nahcolite, and dawsonite from shale formation. Shaft may be used for ventilation in future experimental mine. 
Drilling operations were completed 10/2/77 at 2,371 feet. Shaft classified as gassy mine. Shaft development 
was to commence in July 1982. Multi Mineral Corp. (MMC) has performed experimental mining and slope 
rubblization at the 2,130' level. Stops will measure 64 x 40 x 110' tall. Test mining Is complete and project is 
in stand-by condition. Rock mechanics tests and methane monitoring were conducted. Construction is on hold 
on an 8' diameter, 40' tall, 80-ton true adiabatic retort In Grand Junction awaiting partners. Laboratory 
facilities have been completed, but the laboratory and administrative offices in Grand Junction have been 
closed pending search for joint venture partners. 

Project Cost	 Not Disclosed
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RECENT OIL SHALE PUBLICATIONS 

Bartley, J. P., "Analysis of Australian Shale Oils by GC/MS," Journal Int. J. Mess Spectrom, 1983, Volume 48. 

Bissell, Eugene R., at al, "Vapor Pressure of Shale Oil and Prediction of Condenser Performance, Lawrence 
Livermore Laboratory, March 1, 1938. 

Burnham, Alan K., at al, "High-Pressure Pyrolysis of Green River Oil Shale," presented at ACS Symposium Series, 
Chemistry and Geochemistry of Oil Shales, February 1983. 

Carley, J. F., "Oil Shale Project Quarterly Report," Lawrence Livermore Laboratory, March 25, 1983. 

Cliffs Minerals, Inc., "Analysis of the Devonian Shales in the Appalachian Basin," prepared for Morgantown Energy 
Technology Center, September, 1982. 

Colorado School of Mines, "16th Oil Shale Symposium," April 13-15, 1983. 

Macaulay, George, "Geological Survey of Canada." 

Verbeek, E. R., et al, "Fracture History of the Piceance Creek Basin: A Preliminary Look." 
Habiger, R. M., at al, "Using a Multiple Log Approach to Evaluate Green River Oil Shale in the Piceance 
Creek Basin." 
Christiansen, D. E., at al, "Median Residence and Dispersion Times for Fluidization of Crushed Oil 
Shale." 

*Faulkner, B. P., at al, "Results of the Processing of a Western Oil Shale on the Allis-Chalmers Roller 
Grade Retort System." 
Stevens, A. L., at al, "Results from the Simultaneous Processing of Modified In Situ Retorts 7 and 8." 
Ricketts, T. E., "Improving Flow Uniformity in Vertical MIS Oil Shale Retorts." 
Baldwin, R. M., at al, "Hydroprocessing of Australian (Stuart A) Oil Shale." 
Schamaun, J. T., "An Engineering Model for Predicting Rubble Motion during Blasting of In Situ Retorts." 
Datta, R. S., at al, "Coarse Beneficlation of Green River Oil Shale." 
Krishnan,, C. N., at al, "Beneficiation of United States Oil Shales by Froth Flotation." 
Salotti, C. A., at al, "Size Reduction Studies Using Green River Shale." 
Bell, P.R.F., at al, "Chemical and Physical Characterization of Effluents from the Processing of 
Australian Oil Shale." 

Cuff ey, F. D., et al, "Characterization of Sulfur Species in Oil Shale Off-Gas to Measure Performance of 
Control Technology Research." 
Healy, J. B. Jr., at al, "Biotreatment of Oil Shale Wastewaters." 
Gratt, L. B., "Oil Shale Health and Environmental Risk Analysis." 
Hester, N. E., at al, "Effects of MIS Retorting on Groundwaters." 
Lilley, Donald F., at al, "Economics Derived from Detailed and Definitive Design of Superior's Circular 
Grate Retort for an 18,000 Barrels Per Day Oil shale Demonstration Plant." 

Committee on Oil Shale, Rocky Mountain Oil and Gas Association, "Shale Oil Status Report," presented in Denver, 
Colorado, January 1983. 

Dark, William A., "Shale Oil Separation by High-Performance Liquid Chromatography," Journal J. Lig. Chromatogr, 1983, Volume 6, Number 2. 

Demou, Sam C., at al, "Determination of Bit Forces Encoutered in Hard Rock Cutting for Application to Coninuoug 
Miner Design," prepared for United States Department of Interior, 1983. 

Fadeff, Sandra K., at al, "Organic and Pyritic Sulfur Determination in Oil Shale," Lawrence Livermore Laboratory, March 1, 1983. 

Ferraro, Paul, at al, "Assessment of the Cumulative Environmental Impacts of Energy Development in Northwestern 
Colorado," Colorado Department of Health and EPA, March 1983. 
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*Industrial Environmental Reserach Laboratory, "Combustion of Oil Shale In Fluidized-Bed Combustors an Overview," 
prepared for Office of Environmental Engineering and Technology, May 1982. 

Jones, B. M., et al, "Physiocochemical Treatment Methods for OR Shale Westewaten Evaluation as Alit to 
Biooxidation," Lawrence Berkeley Laboratory, July 1982. 

Lewis, Richard S., "Treatability of Oil Shale Gas Condensate Wastewater," Environmental Progress, (Volume 2, 
Number 1), Feburary 1983. 

Marriortt, Mr., et al, "H. R. 1539 (Mineral Leasing Act), presented Febuary 17, 1983, House of Representatives. 

Nadkarni, R. C., at al, "Applications of Ion Chromatography for Determination of Selected Elements in Coal and Oil 
Shale," Journal Anal. Chim Acts, Volume 146, 1983. 

Oakes, K. M., "Eastern Oil Shales Critical Environmental Issues." 

Quade, R. N., et al, "HTGR Application for Shale Oil Recovery," presented at 16th Oil Shale Symposium, Golden 
Colorado, April 15-17, 1983. 

Reichlin, R. L., et al, "Microstructural Distribution of Sulfur During the Retorting and Oxidation of Oil Shale," 
Lawrence Livermore National Laboratory, November 1982. 

• Robl, Thomas L., "The Chemical and Engineering Properties of Eastern Oil Shale," prepared by Institute for Mining 
and Minerals Research, University of Kentucky, October 1982. 

Smith-Sonneborn, Joan, "Use of a Ciliated Protozoan as a Model System to Detect Toxic and Carcinogenic Agents," 
Journal NATO Conf. Ser., Volume 5A. 

Schamaun, John T., "An Engineering Model for Predicting Rubble Motion During Blasting," Sandia National 
Laboratories, January 1983. 

Session Papers, "Oil Shale," American Mining Congress International Mining Show, Las Vegas, Nevada, October 11-
14, 1982. 

Noble, Edward E., "The Synthetic Fuels Corporation--Will It Help, Hinder, or Hedge Domestic Oil 
•	 Shale?" 

Tardoni, Edward F., "An Update on Modified In Situ Retorting of Oil Shale." 
Randle, Allen C., "Union Oil Company of California's Parachute Creek Shale Oil Program." 
DeGabriele, Robert M., "Potential for Reducing Oil Shale Capital Costs." 

United Sates Department of the Interior, Bureau of Land Management, "Environmental Impact Statement: Clear 
Creek Shale Oil Project." 

Ward, Raymond L., at al, 9ndentification by 13C NMR of Carbon Types in Shale Oil and Their Relationship to 
Pyrolysis Conditions," prepared by Lawrence Livermore Laboratory, April 1983. 

Wong, Carla M., et al, "An Evaluation of Triple Quadrupole MS/MS for On-Line Gas Analysis of Trace sulfur 
Compounds from Oil Shale Processing," prepared by Lawrence Livermore Laboratory, March 1983. 

• Yusong, Wang, at al, "Past Pyrolysis of Puxian Coal and Shale," Institute of Coal Chemistry Academia Sinica, 
Taiyuan, China. 

OIL SHALE - PATENTS 

Occidental Oil Shale Inc., Wilhelmtm G. Huijnen - Inventor, United States Patent 4,346,935, August 31, 1982, 
"Method for Fragmenting Oil Shale Formation." A subterranean formation containing oil shale is prepared for in situ 
retorting by initially excavating a void in a lower portion of a retort site. A primary sub-round of explosive is 
placed in a portion of formation within the retort site above the void, and a secondary sub-round of explosive is also 
placed in unfragmented formation above the void. In one embodiment, the primary subround comprises explosive 
placed in separate pairs of longitudinally spaced apart upwardly converging blasting holes. Explosive in the 
formation along a boundary defined by the upwardly converging blasting holes to separate a portion of formation 
from adjacent unfragmented formation for forming at least one new face above the separated portion of formation. 
The separated formation contains the secondary sub-round which is detonated after the separated formation 

2-75	 SYNTHETIC FUELS REPORT, JUNE 1983



commences moving under gravity toward the void, and before the separated formation reaches the bottom of the 
void, for explosively expanding the separated formation toward the new face and toward the void for forming at 
lease a portion of a fragmented permeable mass of formation particles in an in situ oil shale retort. 

Exxon Research and Engineering Company, Robert P. Guerre - Inventor, United States Patent 4,348,214, Septem-
ber 7, 1982, "Oil Shale Upgrading Process." A size fraction of oil shale is upgraded by separating the shale into a 
first low density fraction containing particles relatively rich in kerogen and a first high density fraction containing 
particles relatively lean in kerogen, crushing the first low density fraction to produce smaller particles, separating 
the smaller particles into a second low density fraction and a second high density fraction and recovering the second 
low density fraction as high grade oil shale rich in kerogen. 

Occidental Oil Shale Inc., William D. Langford - Inventor, United States Patent 4,349,227, September 14, 1982, 
"Mining System for In Situ Oil Shale Retorts." A subterranean formation containing oil shale is prepared for in situ 
retorting by initially excavating a lower level drift adjacent a lower portion of an In situ oil shale retort site and 
excavating an air level Void above the retort site. An undercut Is excavated below a zone of unfragmented 
formation remaining within the retort site above the lower drift. The undercut tapers downwardly and inwardly to 
an opening in the lower drift for forming a draw point for withdrawing fragmented formation particles from the 
retort site. Formation within the remaining zone of unfragmented formation Is explosively expanded downwardly in 
lifts for forming a fragmented permeable mass of formation particles containing oil shale within the retort site. A 
plurality of vertical blasting holes drilled in the remaining zone of unfragmented formation are loaded with 
explosive from the air level void prior to blasting each lift. After each lift Is blasted, formation particles are 
withdrawn through the draw point for providing a void space with a selected void volume toward with the next lift is 
blasted. In one embodiment, such a selected void volume can be sufficient to provide substantially free expansion of 
formation within each lift. The blasting holes provide a means for access from the air level void to each new free 
face and to the void space below each free face for determining the void volume prior to blasting each lift. The 
steps of alternately blasting each lift and then withdrawing formation particles through the draw point for forming 
each new void space are repeated until a fragmented mass of a desired height is formed.	 - 

Gulf Oil Corporation and Standard Oil Company (Indiana), David R. Christian and Gerald B. Hoekstra - Inventors, 
United States Patent 4,353,418, October 12, 1982, "In Situ Retorting of Oil Shale." Disclosed are a method and 
apparatus for the in situ retorting of oil shale and purification of products comprising establishing an underground in 
situ retort containing a mass of rubblized matter comprising oil shale and establishing a flame front within the 
rubblized matter. Oxygen containing gas comprising at least about 90 weight percent oxygen and diluent are passed 
into the retort to support combustion and form combustion gases suitable for the retorting of the rubblized mass and 
formation of off-gas comprising hydrogen, hydrocarbons, and contaminants. Off-gas comprising hydrogen, hydrocar-
bons, and contaminants is recovered from the retort and hydrocarbons and contaminants are substantially separated 
from at least a portion of the off-gas to produce a purified gas stream comprising hydrogen. At least a portion of 
the purified gas stream is passed to one or more conversion zones wherein shale oil is contacted with a steam 
comprising purified gas stream in the presence of a conversion catalyst at conversion conditions so as to 
substantially reduce the amount of nitrogen and sulfur contained in the shale oil. 

Occidental Oil Shale Inc., Martin M. Siegel - Inventor, United States Patent 4,357,051, November 2, 1982, 
"Withdrawal of Gases and Liquids from an In Situ Oil Shale Retort." An in situ oil shale retort is formed within a 
subterranean formation containing oil shale. The retort contains a fragmented permeable mass of formation 
particles containing oil shale. A production level drift extends below the fragmented mass, leaving a lower sill pillar 
of unfragmented formation between the production level drift and the fragmented mass. During retorting 
operations, liquid and gaseous products are recovered from a lower portion of the fragmented mass. A liquid outlet 
line extends from a lower portion of the fragmented mass through the lower sill pillar for conducting liquid products 
to a sump in the production level drift. Gaseous products are withdrawn from the fragmented mass through a 
plurality of gas outlet lines distributed across a horizontal cross-section of a lower portion of the fragmented mass. 
The gas outlet lines extend fromthe fragmented mass through the lower sill pillar and into the production level drift. 
The gas outlet lines are connected to a gas withdrawal manifold In the production level drift, and gaseous products 
are withdrawn from the manifold separately from withdrawal of liquid products from the sump in production level 
drift. 

Texaco Inc., Ernest P. Bulnlcky and John H. Estes - Inventors, United States Patent 4,357,231, November 2, 1982, 
"Method for Extracting Hydrocarbons from Oil Shale." A method and apparatus for thermally treating shale rock 
which holds an amount of hydrocarbon. The shale, prefereably In a reduced size and form, is contacted by a hot 
molten metal bath at a sufficiently high temperature to release the hydrocarbon segment. The latter rises to the 
bath surface in liquid form to be skimmed, drained, or otherwise separated from residual rock material which is 
further conveyed from the lead bath. 

Standard Oil Company (Ohio), Harvey E. Afford and Robert A Rightmire - Inventors, United States Patent 4,358,366, 
November 9, 1982, "Catalytic Hydrocoking of Residual." Yields of liquid product produced by coking a feed material 
comprising a mixture of a shale oil material. A petroleum residuum and a hydrocracking catalyst, are enhanced by 
feeding hydrogen to the reaction system during the coking operation. 
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Phillips Petroleum Company, Lyle W. Pollock - Inventor, United States Patent 4,360,565, November 23, 1982, "Iron- 
Containing Refractory Balls for Retorting Oil Shale." iron-containing refractory balls, in a retorting process for oil 
shale, permit effective magnetic separation of the balls from the spent shale. 

Occidental Research Corporation, Winfield W. Salisbury - Inventor, United States Patent 4,363,137, December 7, 
1982, "Wireless Telemetry with Magnetic Induction Field." A data communication system has a transmitting 
antenna (18, 19), a source (34) of data to be transmitted, a carrier source (45), and a modulator (41, 42, 43) located 
at a first point. The transmitting antenna includes an inductive winding (17) having an electrical length significantly 
smaller than the wavelength of the carrier. The carrier modulated with the data is appled to the transmitting 
antenna to generate a magnetic induction field about the first point. A receiving antenna (53, 54) is located at a 
second point remote from the first point. The receiving antenna Includes an inductive winding (53) having an 
electrical length significantly smaller than the wavelength of the carrier. The windings of the transmitting and 
receiving antennas enclose mutually exclusive regions and are uncoupled magnetically except for the medium 
between the first and second points. A portion of the field generated by the transmitting antenna is intercepted by 
the receiving antenna to produce a signal that is demodulated (51) and stored (52). 

Chevron Research Company, Corey A. Bertelsen and Gene M Handel - Inventors, United States Patent 4,366,046, 
December 28, 1982, "Size Separation of Oil Shale Particles for Efficient Retorting." Oil shale particles separated 
into coarse- and fine-particle streams prior to retorting in a downward moving bed, wherein the fine particles enter 
the retort below the top of the fluidized bed to minimize entrainment before pyrolysis occurs. 

Occidental Oil Shale Inc., Robert J. Fernandes and Thomas E. Ricketts - Inventors, United States Patent 4,366,987, 
January 4, 1983, "Method for Forming an In Situ Oil Shale Retort with Horizontal Free Faces." A method for 
forming a fragmented permeable mass of formation particles in an In situ oil shale retort is provided. A horizontally 
extending void is excavated in unfragTnented formation containing oil shale and a zone of unfragmented formation is 
left adjacent the void. An array of explosive charges is formed In the zone of unfragmented formation. The array 
of explosive charges comprises rows of central explosive charges surrounded by a band of outer explosive charges 
which are adjacent side boundaries of the retort being formed. The powder factor of each outer explosive charge is 
made about equal to the powder factor of each central explosive charge. The explosive charges are detonated for 
explosively expanding the zone of unfragmented formation toward the void for forming the fragmented permeable 
mass of formation particles having a reasonably uniformly distributed void fraction in the in slut oil shale retort. 

Darius A. Wadia - Inventor, United States Patent 4,367,096, January 4, 1983, "Method and Apparatus for Preheating 
and Burning off Combustible Constituents of Raw Material Oil Shale Prior to Introduction of Same Into a Preheater 
System Supplying a Rotary Kiln." The method for processing cement raw meal and oil shale by combining them In a 
mixture with oil shale kerogen consituting 0.5 to 2 percent of the mixture by weight. This mixture is supplied to a 
separate heating chamber where it is preheated so as to heat the cement raw meal component and burn off the 
combustible component of the oil shale. The raw meal is heated in the chamber to a temperature between 100 0 and 
850°C. The heated mixture is then fed to a preheater system having an output coupled to a rotary kiln. In one 
embodiment the preheater system includes four stages and the cement raw meal component, namely powdered 
limestone, is fed directly to the first stage unpreheated and the oil shale Is fed separately to the combustion 
chamber where it is heated and the heated oil shale component is then supplied to the second or third stage. The 
apparatus for carrying out the method includes one or two hoppers, pneumatic pumps, metering devices for metering 
a cement raw meal-oil shale mixture or the cement raw meal and oil shale separately to the pumps, the combustion 
chamber, the preheater system, and a rotary kiln. 

Occidental Oil Shale Inc., Chang Y Cha - Inventor, United States Patent 4,367,901, January 11, 1983, "Method for 
Forming an In Situ Oil Shale Retort." An in situ oil shale retort Is formed in a subterranean formation containing on 
shale, a horizontally extending void is excavated within the boundaries of the retort site leaving a zone of 
unfragmented formation above and/or below such a void. A crack is propagated in at least one of the zones of 
unfragmented formation along the side boundaries of the retort site and thereafter the zone of unfragmented 
formation is explosively expanded towards such a void for forming a fragmented permeable mass of formation 
particles in the retort. Such a fragmented permeable mass is retorted in situ to produce shale oil. 

Occidental Oil Shale Inc., Ned M Hutchins - Inventor, United States Patent 4,368,921, January 18, 1983, "Non- 
Subsidence Method for Developing an In Situ Oil Shale Retort." A non-subsidence method for developing an in situ 
oil shale retort tract in a subterranean formation containing oil shale includes forming a number of spaced apart 
rows of in situ oil shale retorts, leaving Intervening zones of unfragmented formation between adjacent rows of 
retorts for supporting the overburden loads without substantial subsidence. Each retort contains a fragmented 
permeable mass of formation particles containing oil shale. The retorts in each row are separated by gas barriers 
that provide support for the overburden load above each row of retorts. After retorting, a stabilizing material is 
introduced into the void spaces in the spent in situ oil shale retorts for increasing the compressive strength of the 
fragmented masses of spent oil shale particles in the spent in situ retorts. Thereafter, separate rows of in situ oil 
shale retorts are formed in corresponding intervening zones of unfragmented formation. The retorts in each 
intervening row are separated by gas barriers that provide partial support for the overburden load above each row of 
intervening retorts. Separate barriers of unfragmented formation are left beween the retorts in each intervening 
row and adjacent rows of spent retorts. This shifts the overburden load to the spent retorts and to the intervening 
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barriers of unfragmented formation, as well as to the barriers of formation between individual retorts in the 
Intervening rows of retorts, which collectively support overburden loath without substantial subsidence during the 
operating life of the retorts in the intervening rows. 

Phillips Petroleum Company, Lyle W. Pollock - Inventor, United States Patent 4,371,481, February 1, 1983, "Iron-
Containing Refractory Bans for Retorting Oil Shale." Iron-containing refractory balls, in a retorting process for oil 
shale, permit effective magnetic separation of the balls from the spent shale. These ceramic balls can be made by a 
process such as admixing powdered alumina and water to form an extruthble mixture, extruding to form cylinders, 
reshaping cylinders into balls, overcoating with iron particles, further overcoating with alumina, and firing. 

Occidental Oil Shale Inc., Thomas E. Ricketts - Inventor, United States Patent 4,372,815, February 8, 1983, "Method 
of Bubbling Oil Shale." This invention relates to a method of recovering shale oil from a subterranean formation 
containing oil shale. unfragmented formation is explosively expanded in a single round of explosions for moving 
formation located at about the center of a zone of unfragmented formation a greater distance, in a given time 
Interval after the beginning of the round than formation located in the unfragmented formation. The explosive 
expansion forms a fragmented mass of formation particles containing oil shale In the subterranean formation 
forming an in situ oil shale retort. Gas is introduced into the fragmented permeable mass in the in situ oil shale 
retort for establishing a retorting zone in the fragmented permeable mass wherein oil shale is retorted to produce 
gaseous and liquid products, and for advancing the retorting zone through the fragmented mass. Gaseous and liquid 
products are withdrawn from the bottom of the retort. 

Tosco Corporation, John H. Barney - Inventor, United States Patent 4,314,017, February 15, 1983, "Heat Flux 
Control Technique." In processes for retorting of shale using recycled heat carrying ceramic balls having a critical 
heat flue value, efficient operation, without heat shock damage to the balls, Is obtained by operating at a weigh 
ratio of balls to shale which is greater than but substantially equal to the ratio corresponding to the critical heat 
flux value; and this ratio is a function of both the heat transfer coefficient at the inlet to the retort and also the 
difference in temperature beween the heat carrying balls and the oil shale. Implementing apparatus includes 
arrangements for controlling the ratio of heat carrying balls to shale, as by ball feed control apparatus and/or oil 
shale feed control apparatus, in accordance with the difference in temperature between the ceramic balls and the 
shale. 

Nicholas Kalmar - Inventor, United States Patent 4,375,302, March 1, 1983, "Process for the In Situ Recovery of 
Both Petroleum and Inorganic Mineral Content of an Oil Shale Deposit." A process for obtaining useful products 
from an oil shale formation that has intermixed nahcolite and dawsonite. An aqueous solution of sodium hydroxide, 
containing a surfactant, is injected into the formation via wells. The sodium hydroxide reacts with the nahcolite to 
yield a sodium carbonate solution, which is withdrawn for further processing. thereafter the shale is retorted in 
situ, with controlled pyrolysis while supplying air in controlled amounts, and petroleum products are recovered, then 
water is sent into the retorted formation to produce steam, which is recovered. At some stage before or after the 
retorting, the dawsonite is reacted with sodium hydroxide and recovered as sodium aluminate in solution, which may 
be hydrolyzed or carbonated above ground to precipitate hydrated alumini. Carbon dioxide may be added to the 
recovered sodium carbonate above ground to precipitate sodium bicarbonate, which may be heated to form solid 
sodium carbonate. The calcium carbonate in the formation may be converted to calcium oxide, which is slaked and 
then reacted with sodium carbonate in water solution form to yield calcium carbonate and sodium hydroxide, the 
latter being withdrawn while the resulting calcium carbonate remains to support the overburden. 

Chevron Research Company, Byron 0. Spars - Inventor, United States Patent 4,376,015, March 8, 1983, "Process for 
Removing Arsenic from Green Coke Derived from Shale Oil." Arsenic is removed from green shale oil coke of high 
arsenic content by clacining the coke at 1,500 0 to 3,000°F for 0.1 to 4 hours. The arsenic content is reduced from 
above about 150 to 300 ppm to below about 100 ppm, thereby making the coke suitable for use as a fuel, in 
electrodes for producing aluminum, or in steel making. 

Edward T. Wall - Inventor, United States Patent 4,316,034, March 8, 1983, "Method and Apparature for Recovering 
Carbon Products from Oil Shale." A method and apparatur for recovering and simultaneously partially refining 
hydrocarbon products such as liquid oil, oil vapor, and combustible and non-combustible gases from oil shale, by 
subjecting the oil shale ore, in fragments between 5 and 10 centimeters or larger, to microwave energy at 
frequencies between 300 and 3,000 MHZ. The apparatus includes kiln structures dosed to air and microwave 
leakage, and associated microwave generators for both continuous discrete and batch processes. The microwave 
energy may also be applied in situ to beds and deposits of the oil shale. 

Phillips Petroleum Company, F. Morgan Wetzel - inventor, United States Patent 4,316,693, March 15, 1983, "Solid 
Liquid Extraction," A process for replacing a solution obtained for instance by exposing oil shale particles to the 
action of a solvent under supercritical conditions, by a solvent is provided for. The solid/solution mixture is 
extracted in a multitude of cross flow extractions such as to gradually replace the solution, e.g., a bitumen solution, 
by the solvent, e.g, toluene. An apparatus for carrying out this process is also disclosed. 
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Standard Oil Company (Indiana), Earl D. York - Inventor, -United States Patent 4,377,465, March 22, 1983, "Oil Shale 
Retorting Method and Apparatus.' Disclosed is an improved method and apparatus for the retorting of oil shale and 
the formation of spent oil shale having Improved cementation properties. The improved method comprises passing 
feed comprising oil shale to a contacting zone wherein the feed oil shale Is contacted with heat transfer medium to 
heat said shale to retorting temperature. The feed oil shale is substantially retorted to form fluid material having 
heating value and forming partially spent oil shale containing carbonaceous material. At least a portion of the 
partially spent oil shale is passed. to a combustion zone wherein the partially spent oil shale Is contcted with 
oxidizing gas comprising oxygen and steam to substantially combust carbonaceous material forming spent oil shale 
having improved cementation properties. 	 -	 - 

Occidental Oil Shale Inc., Chang Y. CM - Inventor, United States Patent 4,378,841, April 5, 1983, "Ignition 
Technique for an In Situ Oil Shale Retort." A generally net combustion zone is formed across the entire horizontal 
cross-section of a fragmented permeable mass of formation particles formed in an in situ oil shale retort. The flat 
combustion zone is formed by either sequentially igniting regions of the surface of the fragmented permeable mass 
at successively lower elevations or by igniting the entire surface of the fragmented permeable mass and controlling 
the rate of advance of various portions of the combustion zone. 

Gulf Oil Corporation, J. BLame Miller - Inventor, United States Patent 4,378,949, April 5, 1983, "Production of 
Shale Oil by In situ Retorting of Oil Shale." A modified in situ retort for the retorting of oil shale is constructed by 
mining an open space having a volume of 25 to 35 percent of the volume of the retort in the bottom of the retort 
and thereafter blasting the oil shale that is to remain in the retort as rubble in a manner to cause random free fall 
of the shale particles onto the rubblized bed. Blasting occurs sequentially from the bottom of the unfragmented 
shale immediately above the open space to the top of the retort. At each blast, there is an open space below the 
shale to be broken in the blast having a volume at least one-third the volume of that shale, and the timing of the 
blasts is such that movement of the broken shale is not interfered with by shale broken in the preceding blast. There 
is no withdrawal of oil shale that would cause downward movement of the rubble that is to be retorted in situ. The 
resultant in situ retort is characterized by a high and uniform permeability. 

Occidental Oil Shale Inc., Gordon B. French, David E. Miall, and Eugene A. Mills - Inventors, United States Patent 
4,379590, April 12, 1983, "Ventilation Air and Process Air Distribution for In Situ Oil Shale Retorts." A ventilation 
and process air distribution system Is provided for an In situ oil shale retort system which includes a production 
region having a cluster of retorts producing gaseous and liquid products and a retort preparation region where in situ 
retorts are being prepared for production. An underground air delivery drift system distributes process air to the 
production region and ventilation air to underground workings in the retort preparation region. A liquid collection 
drift system extends at or below the bottoms of the retorts in the production region and in the retort preparation 
region. The liquid collection drifts connect to an exhaust airway leading above ground and having an induction fan 
for inducing ventilation air to flow through the retort preparation region at a pressure lower than ambient air 
pressure above ground. A gas collection level located below the retorts connects to a product gas way leading above 
ground and having a centrifugal fan for withdrawing off gas from the retorts in the production region at a pressure 
lower than that of the ventilation air, which continually draws process air from the air delivery drifts into active 
retorts to promote combustion in the retorts. The suction produced in the exhaust airway and the product gas 
airway continually draws fresh air into an inlet airway at ambient air pressure above ground for distribution as 
process air and ventilation air. 

Occidental Oil Shale Inc., Joseph P. Tassoney - Inventor, United States Patent 4,379,591, April 12, 1983, "Two-Stage 
Oil Shale Retorting Process and Disposal of Spent Oil Shale." Formation is excavated from an in situ oil shale retort 
site for forming at least one void within the retort site, leaving at least one remaining zone of unfragmented 
formation within the retort site adjacent such a void. The remaining zone is explosively expanded toward such a 
void for forming a fragmented permeable mass of formation particles containing oil shale In an in situ oil shale 
retort. Oil shale in the in situ retort is retorted to produce liquid and gaseous products, leaving a mass of spent oil 
shale particles in the in situ retort. Oil shale particles excavated from the In situ retort site are separately 
retorted. Such as in a surface retorting operation, producing liquid and gaseous products and spent surface retorted 
oil shale particles. The spent surface retorted particles are disposed of by forming an aqueous slurry of the 
particles, and pumping the slurry into a spent in situ retort. In one embodiment, the queous slurry is introduced into 
a hot lower portion of the spent retort where contact with hot spent oil shale particles generates steam which, in 
turn, is withdrawn from the spent retort in usable form. In another embodiment, water from the aqueous slurry 
introduced into a spent in situ retort collects at a level within the retort. The water can be recovered by drilling a 
drainage hole upwardly from a lower level drift into the level within the spent retort where the water collects and 
draining the water through the drainage hole to the lower level drift for recovery. 

Dravo Corporation, Frank Forbes - Inventor, United States Patent 4,381,989, May 3, 1983, "Method of and Apparatus 
for the Mixing and Processing of Fragile Material and Fragmented Solids." Fragile agglomerates with crushed rock 
fragments, such as fines which are subsequently agglomerated and which result in the crushing of rock fragments, 
such as oil shale prepared for retorting are mixed and delivered onto conveying means, such as a travelling grate by 
charging the rock fragments into a bin which delivers through a choke-feed onto the conveyor or travelling grade by 
introducing the agglomerates through a series of space conducts or tubes terminating inside the bin below the level 
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of the lump material or fragments in the bin where the rock fragments have a downward travel such as to enable the 
aggregates to defuse from the ends of the spaced pipes into and through the fragments and while so separated and 
diffused through the fragments move with the fragments onto the grate. 

Tosco Corporation, Kenneth D. Van Zanten - Inventor, United States Patent 4,384,947, May 24, 1983, "Preheating of 
Oil Shale Prior to Pyrolysis." A process for preheating oil shale in which the oil shale is partially preheated to 2000 
to 400°F in a first lift pipe followed by final preheat to temperatures of between 400° and 650°F in a second lift pipe 
in a second lift pipe. Hydrocarbons released from the oil shale in both the first and second lift pipes are incinerated 
in an incinerator/recuperator. In order to provide adequate incineration and combustion of the hydrocarbons 
released in the first, low temperature lift pipe, the entrainment gas or first gas stream is a low BTU gas prefereably 
produced from conventional gasification of carbonaceous material. The low BTU entrainment gas along with 
released hydrocarbons is utilized as a fuel in the incinerator/recuperator and also may be utilized for other 
combustion applications in oil shale pyrolysis processing. In oil shale pyrolysis carried out with ceramic balls as heat 
exchange bodies, a portion of the low BTU entrainment gas is conveniently utilized to fuel the ball heater. The heat 
generated in the incinerator/recuperator, is utilized to preheat various process gases to thereby recover and 
recuperate the heating value of the hydrocarbons released during preheat. 
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PROJECT ACTIVITIES 

STATUS OF OIL SANDS PROJECTS 
THAT APPLIED TO THE SFC 

On May 26, 1983, the Board of Directors of the United 
States Synthetic Fuels Corporation (SFC) advanced 
three oil sands projects into Phase II negotiations under 
the third solicitation. These projects are Chaparrosa 
Ranch, Forest Hill, and Sunnyside. One oil sands 
project, Enpex Syntaro, was dropped from further con-
sideration at the Board meeting. Additionally, the 
Kentucky Tar Sands project was advanced into Phase II 
of the third solicitation on June 30, 1983. Six other oil 
sands projects that applied to the SFC under the third 
solicitation were dropped from consideration at earlier 
Board meetings. 

In addition to the four projects from the third solicita-
tion that remain under consideration, four projects 
from the second solicitation are also in various stages 
of negotiations with the SFC. As described on page 3-1 
of the March 1983 Pace Synthetic Fuels Report, the 
SIC signed a letter of intent with the sponsors or the 
Santa Rosa oil sands project on January 18, 1983. More

recently, on May 25 the SFC also signed a statement of 
intent for the Calsyn heavy oil conversion project. This 
letter of Intent is described In more detail in the 
Government portion of the Oil Sands section in this 
issue. Another oil sands project, HOP Kern River, is 
continuing to negotiate with the SFC under the second 
solicitation. The fourth project from the second solici-
tation, Kensyntar, was moved into the third solicitation 
on June 30, 1983. 

The status of all 11 oil sands projects from the third 
solicitation and the four projects from the second 
solicitation are summarized in Table 1. Additionally, 
Figure 1 in the article entitled "SFC Advances Eight 
Projects, Transfers Two, and Drops Eight Others" In the 
General section of this issue graphically depicts the 
status of all projects that have applied to the SFC. 
Brief descriptions of the eight oil sands projects that 
have not been dropped by the SFC also appear in the 
same article in Tables 1 and 2. 

TABLE 1 

STATUS OF OIL SANDS
PROJECTS THAT APPLIED TO THE SFC 

Projects That	 Third Solicitation 
Received Letters Projects Advanced 	 Projects Dropped 

Of Intent	 Into Phase Ii	 From Consideration 

Santa Rosa	 HOP Kern River 
Calsyn	 Kensyntar' 

Chaparrosa Ranch 
Forest Hill 
Sunnyside 
Kentucky Tar Sand

Enpex Syntaro 
California Tar Sands 
Falcon Sciences 
Big Horn 
International Hydrocarbon 
Porta-Plants 
Whit erocks 

Denotes projects submitted under the second solicitation; all other 
projects are from the third solicitation 
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WOLF LAKE PROJECT MOVES FORWARD 

Located 30 miles north of Bonnyville, Canada near the 
Saskatchewan border, on 75,000 acres, the Wolf Lake 
commercial oil sands project (a joint venture between 
OP Canada Exploration Ltd. and Petro-Canada) is slated 
for daily oil production of 7,000 barrels when fully 
operational in mid-1985. The oil will be extractedby 
the "huff-and-puff" method. Two hundred wells will be 
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 Energy Resource 
Conservation Board (ERCB) was approved in Septem-
ber 1982. Engineering work for the field facilities is 
underway, and bids have been received for procurement 
and construction of the plant. Detailed engineering for 
the offsites isessentially complete. An estimated 
1,200 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 16 or 32 from special patterns. The crude Is 
heavy and viscous (120API) and thus cannot be handled 
by most Canadian refineries. There are no plans to 
upgrade the crude into a marketable product; 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 re-
covered, and would also qualify for a special 133 per-
cent tax write-off. The Alberta government has indi-
cated 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 increas-
ing to as much as 30 percent of net profits once the 
project sponsors recover their investment. 

The estimated cost of the Wolf Lake project is $200 
million (Cdn) with $750 million (Cdn) allotted for addi-
tional drilling during the 25-year project life.

SUNCOR PROJECT UPDATE 

According to data In the annual report and first quarter 
update, 1983 first quarter productionrate from the 
Suncor oil sands plant at Fort McMurray averaged 6,787 
cubic meters (42,690 barrels) per day. This rate Is up 
74 percent from the same three months of the previous 
year because of a major fire In January 1982 which 
seriously disrupted operation for several months. Rated 
capacity is now 9,217 cubic meters (57,975 barrels) per 
day, after completion of an expansion project. 

Suncor has received a permit from the National Energy 
Board (NEB) to export 1,910 cubic meters (12,000 bar-
rels) per thy of crude oil. The nine-month permit 
allows export of 1,590 cubic meters (9,990 barrels) per 
day of hydrocarbons from the oil sands plant and 
320 cubic meters (2,010 barrels) per day of sour crude 
from Saskatchawan. 

Expansion of the mine area at the Fort McMurray plant 
has increased Suncor's synthetic crude reserves by 
90 million barrels to 418 million barrels. The expan-
sion, termed "the large pit project," requires mining an 
area with thicker than normal overburden. The cost to 
handle this additional overburden Is estimated to be 
$185 million through 1987. 

Improvements to the oil sands plant, to improve reliabi-
lity, were consolidated Into one coordinated effort 
called the Plant Integrity Program which will cost 
about $170 million by the time It is completed In 1984.

- 
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CORPORATIONS 

PILOT PLANT AVAILABLE FOR TESTING TAR SANDS 

Cresset Corporation, a division of the Texas Gas Cor-
poration, and Dravo Engineers Inc., are offering a pilot 
plant testing and evaluation service to tar sans 
owners. 

Testing will be conducted at a new pilot plant located 
in southwestern Kentucky. The plant, completed in 
February 1983, is capable of processing tar sands ore. 

Services offered include: 

• Initial processing evaluation 
• Commercial plant evaluation 
• Pilot plant test runs 
• Commercial plant feasibility study.

The Dravo solvent extraction process used at the Cres-
set plant combines equipment and technology developed 
by Dravo process engineers over a 30 year period. 
Dravo process technology is proprietary and requires a 
license for commercial use. Figure 1 is a schematic 
flow diagram of the tar sands pilot plant. 

FIGURE 1 
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GOVERNMENT 

SFC SIGNS STATEMENT OF INTENT WITH CALSYN 

On May 20, 1983 the United States Synthetic Fuels 
Corporation (SFC) executed a Statement of Intent to 
provide up to $46.5 million in loan guarantees and 
$3.3 million in interest payments to the sponsors of the 
Calsyn heavy oil upgrading project. Presently the 
sponsors include the Alberta Oil Sands Technology and 
Research Authority (AOSTRA), California Synfuels Re-
search Corporation (the project operator), Dynalectron 
Corporation, Tenneco Oil Company, and the Ralph M. 
Parsons Company. Theproject will be constructed on 
land to be leased from the Douglas Oil Company in 
Pittsburg, California. 

The Calsyn project will utilize the Dynacracking pro-
cess technology developed by Dynalectron to upgrade 
tar sands and heavy oil into fuel gas, naphtha, distillate 
products, sulfur, and by-products. Depending on the 
feedstock the unit will process from 5,100 to 7,000 bar-
rels per day for 330 days per year. Eligible feedstocks 
specified in the Statement of Intent are as follows: 

Cat Canyon Having an approximate specific gra- 
vity of 11.0 API 

San Ardo	 Having an approximate specific gra-
vity of 12.0°API 

San Joaquin Having an aj,proximate specific gra- 
Valley Blend vity of 14.0 API 

The sponsors may also attempt to qualify other feed-
stocks and may test feedstocks in amounts up to 
3 percent of the total feedstock volume over the life of 
the project (up to 10 percent in any one year). The 
expected useful life of the plant is 15 years with 
construction to be completed in the first quarter of 
1985 and startup scheduled for September 30, 1985. 

Pending receipt of final fixed-cost bids for the project, 
the total cost is estimated to be $71.0 million. These 
costs are itemized in Table 1. As summarized in 
Table 2, the sponsors' equity contributions will total up 
to $22.0 million (36 percent) and up to $2.5 million for 
contingency costs. The SFC will support the remaining 
project costs of $38.9 million, contingency costs of 
$7.6 million, and interest of $3.3 million for a total 
guarantee of $49.8 million. The loan is to have a term 
of at least 11 and not more than 15 years. A guarantee 
fee of 0.5 percent of the average annual principal will 
be paid to the SFC each year by the sponsors. The SFC 
will also receive an administrative fee of $249,000 
when the loan guarantee agreement is signed. 

The project sponsors are required to license on reason-
able terms the technology and proprietary rights deve-
loped by the project. Additionally, the SFC or its 
designee will be allowed to use patents, technology, and 
other rights on terms no less favorable than those 
accorded the project sponsors. No changes in project 
sponsorship or changes in ownership of the sponsors will 
be allowed without SFC consent. The Statement of

Intent also requires that the Department of Defense 
(DOD) shall have access to products from the project on 
terms negotiated between DOD and the sponsors. 

TABLE 1

ESTIMATED COSTS FOR THE CALSYN PROJECT 

Element (In As-Spent Dollars)	 Million $ 

Sunk Cost (as of August 31, 1983) 2.8 
Fees 0.4 
Engineering/Construction/Erection Costs 46.0 
Construction Period Expenses 2.0 
Interest Expense through Mechanical 3.0 

Completion 
Other Capital Costs 1.0 

Sub-Total Construction 55.2 

Pre-Start-Up Expenses 0.7 
Start-Up and Testing Expenses 1.4 
Interest Expense for Pre-Start-Up and 1.0 

Start-Up Periods 
Initial Working Capital 2.6 

Sub-Total Start-Up 
Sub-Total Base Cost 60.9

Contingency Costs	 10.1 

	

Total Estimated Eligible Project Cost 	 71.0

TABLE 2 

FINANCING FOR THE CALSYN PROJECT 

	

Project Guaranteed	 Equity 
Amount	 Debt	 Contribution
(MM$) (MM$) (%) (MM$) (%) 

Base Costs	 60.9	 38.90	 64	 22.00	 36 
Contingent Costs 10.1 	 7.60	 75	 2.50	 25 

Total Esti-
mated Eligible 71.0	 46.50	 65	 24.50	 35
Project Costs 

Interest Allow-	 3.30 
ance 
Total SFC	 49.80 
Obligation 
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The Statement of Intent constitutes a statement of 
mutual understanding and intentions between the SFC 
and the Calsyn project sponsors. Acceptable agree- 
ments must still be negotiated that incorporate the 
terms and conditions of the Statement. The closing 
date of the agreements is expected no later than 
September 1983. 

The Statement of Intent is reproduced in its entirety in 
the appendix of this issue of the Pace Synthetic Fuels 
Report. 

Sit PHILOSOPHY REGARDING OIL SANDS 
IS EXPLAINED 

On May 17-20, 1983 the Institute of Gas Technology 
(lOT) sponsored a symposium, "Synthetic Fuels from Oil 
Shale and Tar Sands." At the symposium Jimmie R. 
Bowden, Executive Vice President of the United States 
Synthetic Fuels Corporation (SFC), presented a paper 
entitled "Synthetic Fuels Corporation's Approach to Oil 
Shale and Tar Sands Projects." The paper presented an 
overall perspective on the present status of synfuels 
projects and on prospects for the synfuels industry in 
the next few years. Among his many comments, some 
of the more interesting involve the SFC's perception of 
oil sands projects and resources. 

Mr. Bowden first reviewed the history of the SFC's 
inception and recent progress. He then explained that 
through fiscal year 1984 (which ends September 30, 
1984) the SFC intends to authorize up to $7.0 billion in 
assistance for coal projects (three major projects), up 
to $4.8 billion in oil shale projects (three major pro-
jects), and up to $1.4 billion for six or seven oil sands 
projects. 

Mr. Bowden explained the SFC philosophy regarding 
coal, oil shale, and oil sands/heavy oil. The SFC 
believes coal and oil shale are the principal resources 
for extensive, long-term production of synthetic fuels 
that will provide the basis for improved national secu- 
rity. However, oil shale and coal conversion projects 
are capital intensive, technically complicated, and re- 
quite long lead times to design, build, and start up. 

On the other hand, the SFC believes oil sands and heavy 
oil projects are a means of achieving significant short-
term production of synthetic fuels at relatively modest 
costs. Such projects could provide the United States 
with fairly rapid "surge capaity" in an energy emer- 
gency. Production from oil sands/heavy oil projects 
would be used in conjunction with the Strategic Petro-
leum Reserve in energy supply shortfall situations. 

Mr. Bowden concluded his presentation with a descrip-
tion of the status of many of the synfuels projects that 
have applied to the SFC for financial assistance. In his 
concluding remarks, he explained that the SFC will 
concentrate on funding oil shale and oil sands projects 
during 1983 and will concentrate on coal projects in 
1984.
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ECONOMICS 

HEAVY OIL MINING 

A final report, "An Evaluation of Heavy Oil Mining" 
describes methods of mining heavy oil and providing 
access to heavy oil reservoirs to aid in heavy oil 
recovery. The mining techniques are also applicable to 
tar sands. The report, DOE/PC/30259-1 (two volumes), 
was prepared by Energy Development Consultants, a 
subsidiary of Stone & Webster Engineering Corporation 
for the United States Department of Energy (DOE). 
The report was published in March 1983. The two 
volume report contains: lists and descriptions of United 
States heavy oil reservoirs; historical review of world 
heavy oil mining projects; descriptions of potential 
mining methods and economics; and geotechnical eva-
luations of the Kern River and McKittrick Fields in 
California. Volume I contains the heavy oil reservoir 
descriptions. Volume If contains the historical review 
and the heavy oil mining evaluations. 

Foreign countries have had varying degrees of success 
in recovering oil by underground methods. However, 
there has been relatively little research into oil mining 
in the United States. A United States Bureau of Mines 
bulletin published in 1932 concluded that under certain 
conditions oil mining might be preferred over conven-
tional oil recovery methods. This conclusion was based 
on the evaluation of oil mining methods used in Europe 
at oil sand mines in the Pechelbronn Field in France and 
the Wietze Field in Germany. 

Heavy oil mining methods can be subdivided into three 
basic categories: surface mining, underground mining, 
and in situ mining or mining for access. In surface and 
underground mining, the heavy oil reservoir rock is the 
"ore" to be produced and processed at the surface. The 
in situ mining method provides access to the heavy oil 
reservoir where, by various methods, heavy oil is the 
product and no rock (other than that required in creat-
ing the access) is produced. 

Surface mining methods include both strip mining and 
open pit mining. Strip mining develops the "ore body" 
in a horizontal fashion. The overburden and waste 
material is replaced in the previous mined pit as 
excavation continues. Open pit mining progresses 
downward with the overburden and waste material 
placed outside of the pit. Open pit mining techniques 
(benches and terraces with in pit replacement of over-
burden and wastes) is used extensively in western 
surface coal mining. The survey of United States heavy 
oil deposits suggested that open pit (terrace) mining 
was the only surface mining method applicable to heavy 
oil deposits in the United States. A hypothetical open 
pit heavy oil mine was considered to approximate the 
operating costs for such a mine. The assumptions for 
the hypothetical mine were: 

• Mine Life: 123 years 
• Operation: 363 days per year 

7 operating days per week 
• 3 shifts per thy at 8 hours per shift 
• Ore production: 70,000 tons per day

• Overburden production: 294,700 tons per 
day 

• Waste to ore ratio: 4.21:1 
• Daily oil production rate: 25,000 barrels 

per day. 

The assumptions used for the open pit heavy oil mine 
included the use of trucks and shovels. For the 
hypothetical mine, capital cost was estimated at about 
$254.4 million. Operating costs were estimated at 
$1.23 per ton for all material mined (overburden and 
ore) and $6.42 per ton for all heavy oil ore mined. 
Based on the assumed ore grade (15 gallons per ton or 
0.357 barrel per ton) the mine operating costs are 
$17.98 per barrel. Mine operating costs as reported do 
not Include depreciation, taxes, royalties, etc. 

Underground extractive mining methods could include 
such mining methods as: room and pillar, longwall, 
chamber and pillar, and block carving a sub-level stop-
ing. The report concentrated on room and pillar mining 
(continuous type miners) and longwall systems. Capital 
and operating costs were estimated for both room and 
pillar and longwall systems. The cost estimates were 
based on daily production of 70,000 tons of ore from 
which 25,000 barrels of heavy oil would be extracted. 
The capital and operating cost estimates for the two 
underground systems are shown in Table 1. 

TABLE 1

ESTIMATED COSTS OF UNDERGROUND METHODS 

Capital Operating 
Mining Method	 Cost	 Cost 

($MM)	 ($/Ton) 

Room and Pillar (continuous) 	 82.0	 20.00 
Longwell	 186.9	 15.00 

When compared with open pit mining, underground 
mining is much more expensive in terms of operating 
costs. In terms of mine operating costs per barrel (at a 
grade of 0.35 barrel per ton) of $56.02 per barrel and 
$42.02 per barrel for room and pillar mining and long-
wall mining, respectively, the underground extractive 
mining methods are clearly uneconomic. The study also 
looked at possible backfilling of the spent ore. The cost 
of backfiuing of the longwall mine was estimated to 
add $12 per ton to the operating cost. Backfilling costs 
for the room and pillar mine were not reported. 

Estimated capital and operating costs were made for a 
"mining for access" system wherein a system of drifts 
and rooms would be excavated below the heavy oil 
reservoir. Holes would be fan drilled into the overlying 
reservoir and the heavy oil produced by gravity drain-
age or production enhanced by steam injection. Total 
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estimated capital cost for the "mining for access sys-
tem" was estimated at $1.12 billion. Operating costs 
were estimated to range from $1.02 per barrel for 
100 percent recovery to $4.00 per barrel for 25 percent 
recovery. Thermal treatment with steam injection 
would add $8 to $10 per barrel. 

The cost evaluations based on the hypothetical mining 
schemes indicated that open pit mining and "mining for 
access systems" had the potential of being economically 
viable. The open pit method was evaluated using site 
specific information from the Kern River Field in 
California. The "mining for access" system was eva-
luated using site specific information from the North-
east McKittrick Field. Table 2 is a summary of the 
capital and operating costs for an open pit mine at the 
Kern River Field designed to produce 38,150 barrels per 
day of heavy oil. To determine the required selling 
price, the cash flow was analyzed using an assumed 
processing cost (from other sources) and a return on 
investment of 20 percent. The results of the cash flow 
analysis indicated a required selling price for the Kern 
River Field open pit mine-surface extraction project of 
$27.26 per barrel.

TABLE 2 

SUMMARY OF CAPITAL AND OPERATING COSTS 
KERN RIVER FIELD - OPEN PIT 

Capital Costs 

	

Cost	 Unit 

	

Item	 1982 $	 Cost 
(Million)	 ($/l5iiW'Bbl) 

Mine Equipment
	

102.2
	

2,680 
Development Capital
	

73.5
	

1,926 
Support Facilities 	 3.7

	
98 

Working Capital
	

20.5
	

537 
Replacement Capital
	

69.5
	

1,822 
Contingency (15%)
	

40.4 

	

Total	 309.8	 8,122

Operating Costs

Annual Cost 
Item 1982 $ Cost 

(Million) (s/P	 öre) 

Labor 33.6 1.17 
Supplies 13.6 0.47 
Equipment Operating 57.8 2.02 
General & Administrative 3.4 0.12 
Contingency (15%) ii! 

Total 124.6 4.35

The evaluation of this "mining for access" system for 
the Northeast McKittrick Field indicated that thermal 
treatment would be necessary to reduce the heavy oil 
viscosity to ensure significant recovery. The cash flow 
analysis for the "mining for access" system with steam 
injection would require heavy oil selling prices of 
$37.15 per barrel and $43.25 per barrel at returns on 
investment of 10 and 20 percent, respectively. 

The site specific analyses indicate that open pit mining 
with surface extraction at the Kern River Field is 
marginally economical. The mine assisted in situ 
analysis for the Northeast McKittrick Field indicates 
this type of system to be uneconomic without very 
rapid increases in oil selling price. 

The Canadian tar sane projects are comparable exam-
ples, as the surface mines and surface extraction pro-
jects have proceeded while in situ projects continue at 
research and pilot scale status. 
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TECHNOLOGY 

SAND DEFORMATION CONCEPT IS EXPLAINED 

Most current computer models that are used to describe 
cyclic steam injection processes for oil sands are based 
on the assumption that vertical or horizontal fractures 
are the main recovery mechanism. However, a new 
flow geometry referred to as the "Sand Deformation 
Concept" has been developed. The concept was recent-
ly described by Yoshiaki Ito of Gulf Canada Resources, 
Inc., in a paper entitled "Sand Deformation Concept for 
In Situ Recovery of Bitumen by Cyclic Steam Injection" 
that was presented at the 57th Annual Fall Technical 
Conference and Exhibition of the Society of Petroleum 
Engineers of AIME. The new concept was developed by 
the author to overcome certain shortcomings he per-
ceived in other models. 

The "conventional" theory assumes that the injected 
steam is contained in a thin fracture zone and the fluid 
in the fracture then leaks off. The sand deformation 
concept assumes the injected fluid penetrates the 
formation through the creation of microchannels. 
These two concepts are compared schematically in 
Figure 1.

FIGURE I 

CONTRAST BETWEEN FRACTURE AND
SAND DEFORMATION CONCEPTS 

(D) SAND DEFORMATION CONCEPT 

With the new theory, a significant amount of oil and 
water surrounding the injection well does not contact 
the injected fluid. Additionally, the volume required to 
produce the microchannels is achieved by heaving of 
the overburden. Hence, the orientation of the channels 
is a result of preferential overburden movement. Addi-
tionally, the new concept assumes the microchannels 
partially or totally collapse when the pressure is re-
duced during the production phase of the cycle.

Model Description 

A computer model was developed by the author to 
describe the sand deformation concept. The model 
requires input of field-oriented parameters. Many of 
these parameters are difficult to determine in the 
laboratory. Hence, the author selected four parameters 
to be used in the model. These factors are: 

• Local mobility multiplication factor 
• Energy dispersion 
• Non-linear porosity change 
• Inaccessible pore volume. 

The local mobility multiplication factor is an empirical 
parameter used to describe the flow of the injected 
fluid through the microchanncls. The flow of the fluid 
is greater by this specified factor than would be 
predicted by the conventional expression for flow 
through a porous medium. In the model, this factor is 
utilized when the pressure of the grid block exceeds the 
sand deformation pressure (i.e., during steam injection). 
However, this factor is not utilized during the produc-
tion phase of the cycle. 

The second parameter used by the new model attempts 
to describe the poor contact between the injected fluid 
and the oil sands formation. Previous models assumed 
that instantaneous thermal equilibrium was achieved 
between the fluid and the finite-difference grid block. 

With the new model, two temperatures are calculated: 
the average grid block temperature and the tempera-
ture of the injected fluid flowing in the channels. 
Hence, the new model achieves a significant dispersion 
of energy. The author believes that this dispersion of 
energy accounts for the unexpected low temperature of 
produced fluids that are experienced in actual field 
tests. 

The third modification used in the new model involves a 
non-linear porosity change. Rather than use a rela-
tively high compressibility for the rock, the new model 
allows the rock porosity to change as a function of pore 
pressure. This relationship is depicted in Figure 2. 

The fourth modification incorporated into the sand 
deformation concept model accounts for pores in the oil 
sands formation that are not accessible to the injected 
fluid. This concept can be used to model the flow of 
tracer compounds such as chemicals or salts. 

Comparison of Model Results 
With Field Data 

The author compared the results from the new model 
with actual well performance. The well he used for 
comparison had a steam slug of 8,700 cubic meters 
(water equivalent) injected for 63 days at an average 
pressure of 6,500 kPa ( 940 psi). The well was then 
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FIGURE 2 
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shut in for 56 days and a second steam slug was injected 
for 7 days at a pressure of 8,500 kPa. The well was 
allowed to soak for two days and then turned around for 
production. After 30 days of production the well was 
reworked and snowed to continue to produce for 
200 days. 

The author compared the actual well data to the model 
results for the following characteristics 

• Injection pressure 
• Oil and water production rates 
• Produced fluid temperature 
• Bottom hole pressure 
• Salinity of produced water. 

To characterize the well, the following parameters 
values were input to the model: 

1. Rock compressibility: 8.7 x 10 kPa 
2. Sand deformation pressure: 

6,000 kPa for first injection 
8,000 kPa for second ijection 
2,000 kPa for production 

3. Local mobility multiplication factor: 
100.0 for first injection 
20.0 for second injection and pro-

duction 
4. Upstream weighting factor for energy 

dispersion: 
13.0 for injection 
1.0 for production 

5. Maximum porosity correction: 1.04 
6. Inaccessible pore volume: 

0.65 for injection 
0.50 for production.

The sand deformation concept assumes that the in-
jected steam flows through microchannels in the forma-
tion. Therefore, the injection pressure should remain 
relatively constant. The agreement of field data and 
model predictions of injection pressure are depicted in 
Figure 3. The author proposed two theories to explain 
the increased pressure (8,000 kPa versus 6,000 kPa ini-
tially) during the second period of injection. His first 
theory is that there was a change in the overburden 
stress during the long shut-in period. An alternative 
explanation is that the heated bitumen filled the micro-
channels and prevented the Injected fluid from flowing 
as easily during the second injection phase. To model 
the pressure change, the author used two values for the 
mobility multiplication factor. 

The author also compared the actual oil and water 
production rates to the results from the new model. As 
can be seen in Figure 4, the model results agreed very 
well with the actual production rates. 

During the production phase of the well, the tubing was 
cooled to install a pump. Therefore, the measured 
temperatures of the produced fluids were lower than 
would be normally experienced. The author calculated 
a wellhead temperature assuming no cooling effect and 
compared this value to the temperatures predicted by 
the model. This comparison is depicted in Figure 5. 

The author compared the actual and downhole pressures 
and found that a relatively good match was obtained. 
Figure 6 presents the downhole pressure comparison for 
the first 30 days of production. 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 

COMPARISON OF ACTUAL AND SIMULATED
TEMPERATURES OF PRODUCED FLUIDS 
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FIGURE 7 

COMPARISON OF ACTUAL AND CALCULATED 
RELATIVE SALINITIES 
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Lastly, the model also predicts the relative salinity 
(defined as the ratio of the salinity of the produced 
water to the salinity of the reservoir water) during 
production. These values are compared with actual 
field data in Figure 7. Except for two data points taken 
after a well work-over (indicated by circles in 
Figure 7), the model results agree with actual field 
measurements.

Conclusions 

The author concludes the following concerning the sand 
deformation concept: 

• A new concept has been postulated and 
incorporated into a computer model. 

• The model provides an "excellent match" 
with actual well data. 

• The most important phenomenon for in 
situ bitumen recovery is the one-way 
valve effect of producing microchannels 
during injection and collapse of the 
channels during production. 
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NEW LABORATORY ANALYSIS OF BITUMEN 

Some recent developments of the continuing research 
on the chemistry of the bitumen contained in Alberta 
oil sands (AOS) were detailed in a paper presented at 
the Pan-Pacific Synfuels Conference in Tokyo last 
November. The article, entitled "The Influence of 
Bitumen Structure on Recovery and Upgrading" and 
authored by Otto P. Strausz of the Department of 
Chemistry, University of Alberta, focuses on the results 
of innovative analytical techniques applied primarily to 
the hydrocarbon fraction of the bitumen from samples 
of the four major deposits of AOS. 

The paper first presents some of the newer develop-
ments in understanding the basic properties of AOS in 
general. Citing the research of others, which indicates 
the presence of water-in-bitumen emulsion as opposed 
to discrete water-coated sand grains, and his own 
studies on AOS, the author establishes the presence of 
humic acids only in the mineral matrix, but each of the 
carboxylic acids is found both In the sand and the 
bitumen. Because of the insolubility of some of the 
carboxylic acids in methylene chloride and toluene 
during bitumen extraction, the author concludes "that 
the sand-associated organic materials are chemically 
bound to the mineral matter, probably clay particles, or 
trapped in their interlayer region or interstitial pore 
space." Stating that the bitumen content and the water 
and fine rain material content of oil sands appear to 
be inversely interrelated (with poor separability asso-
ciated with clay-rich, fine oil sands), the author investi-
gated the separability of reconstituted oil sands. Using 
samples of poorly separable and well separable oil sands 
and cross-combining the solvent extracted bitumens 
from each, his results showed that separability is pri-
marily a function of the properties of the sand. Cau-
tioning against premature generalizations, the author 
also noted that the poor quality sand contained five 
times more sand-associated carboxylic acids and nine 
times more saponifiables than the good quality sand.

The balance of the paper deals specifically with the 
results of analyses on the structural and compositional 
characteristics of samples from the four major deposits 
of AOS. The results of a class separation study are 
shown in Table 1. 

The author notes that the relatively high aromatics 
content of the Athabasca sample is probably due to an 
artifact in the chromatographic separation rather than 
any real difference among the content in the bitumens. 

In addition to analyses by mass spectrometry using both 
conventional electron impact and the milder field ioni-
zation method, an innovative tool was developed by the 
researchers to aid in the analyses of bitumen fractions. 
This Is a combination gas chromatograph/field ioniza-
tion mass spectrometer (FIMS) for which the following 
advantages are claimed: 

• Only molecular ions are produced (acy-
clic alkanes excepted) and therefore the 
molecular weight of each component de-
tected is known. 

• Molecules which are not resolved by gas 
chromatograph are resolved by mass 
spectrometer if their molecular weights 
are different. 

• Fragmentation can be recognized (in the 
case of acyclic alkanes), corrected for 
and used for quantitative analysis and to 
obtain structural information. 

• Since the relative detection sensitivity 
varies little, no calibration is required by 
individual compounds for quantitative 
analysis. 

TABLE 1 

CLASS COMPOSITION OF ALBERTA OIL SAND BITUMENS
(Weight Percent) 

Component	 Peace River	 Wabasca Athabasca Cold Lake 

Hydrocarbons
Saturated 15 15 18 21 
Aromatic 19 18 29 19 
Sub-Total 34 33 47 40 

Asphaltene 20 19 17 16 

Resins 
Acids 12 10 14 15 
Bases 7 6 7 7 
Neutral N-compounds 1 3 1 1 
Neutral + Amphoteric 24 29 13 21 
Sub-Total 44 48 35 44 
Total 98 100 99 100
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TABLE 2 

COMPOSITION OF THE SATURATE FRACTION OF THE COLD LAKE BITUMEN
(Weight Percent) 

Whole Whole 
Formula Series TIJA Bitumen TUNA Bitumen 

CnH2n+2 Acyclic 5 0.12 3 0.54 
CnH2n Monocyclic 27 0.68 23 4.14 
CnH2n..2 Dicyclic 36 0.90 28 5.04 

Tricyclic 17 0.43 19 3.42 
CnH2n_6 Tetracyclic 9 0.22 15 2.70 
CnH2n_8 Pentacyclic 4 0.10 9 1.62 
CnH2n_10 Hexacyclic ._i 0 ..2 ..J ..LM 

Total 100 2.5 100 18.00 

At the time of the article, the FIMS technique had been 
used to analyze the hydrocarbons and about 50 percent 
of the resin fraction. Examples of the results obtained 
for the constituents of the saturate fraction (thiourea 
adduct-TVA, and non-adduct-TUNA) of the Cold 
Lake bitumen are summarized in Table 2. The tests 
also revealed biological markers contained in AOS bitu-
mens in surprising abundance, especially in the saturate 
fractions including the hopane series, steranes, and a 
C19-C30 homologous series of tricyclic terpanes among 
the many so far identified. The aromatic fractions 
were studied in a similar manner and the results for 
Cold Lake and Athabasca samples are presented in 
Table 3. Biological markers were also found in the 
aromatics and in several new series of compounds 
isolated from the resins fraction of the bitumens. 

Although only one-half of the resin constituents have so 
far been analyzed, the author notes that bitumen resins 
may be just as important as the hydrocarbons as sources 
of geochemical markers. 

Perhaps the most intriguing results presented in the 
article arose from studies of the AOS asphaltenes. 
Under mild thermolysis, AOS asphaltene gives a crude 
oil-like product up to 38 percent yield without coke 
formation. This oil is highly enriched in biological 
markers incuding one previously undetected in petro-
leum: squalene, which is the biosynthetic precursor of 
the triterpenoids, hopanoids, and steroids in nature. 
This suggests to the author that a significant portion of 
asphaltene, if not all, was formed from lighter fractions 
of the oil, probably by the action of sulfur produced by 
sulfate-reducing bacteria. Further studies of the nat-
ural asphaltene and a synthetic asphaltene produced by 
heating cholesterol with sulfur, provided the re-
searchers with the means to distinguish the amount of 
sulfur present in acyclic sulfide form and to establish a 
direct link between the number of sulfur bridges con-
tained and the ability to depolymerize the asphaltene. 
The Athabasca sample, containing 65 percent sulfur in 
bridges, can be much more readily depolymerized than 
samples from the other deposits with only 13 to 22 per-
cent sulfur in bridgehead position. 

In separate studies, Athabasca asphaltene was fraction-
ated into five fractions according to molecular weight

TABLE 3 

COMPOSITION OF THE AROMATIC FRACTION 
OF THE COLD LAKE AND ATHABASCA BITUMEN

(Weight Percent) 

Component Cold Lake Athabasca 

CnH2n_6 4.9 3.7 
CnIi2n..8 14.7 10.8 
CnH2n_10 12.0 12.2 
CnH2n..14 14.5 13.2 
CnH2n_16 9.0 10.5 
CnH2n..18 5.8 7.6 

Benzothiophene 11.0 8.9 
Dibenzothiophene 5.7 4.5

to determine this influence on the propensity of the 
asphaltene to polymerize. By thermal treatment at 
300°C, it was shown that the tendency to polymerize 
decreases as molecular weight decreases; the fraction 
with the lowest molecular weight (1,200) did not yield 
polymer and in fact helped reduce polymer formation 
when added to the highest molecular weight (16,900). 

The researcher goes on to state that "Indications are 
that squalene, together with other olefinic compounds 
present in the asphaltene in trapped or chemically-
bound form, may serve as polymerization initiators. It 
was also noted that the clay in the asphaltene tends to 
concentrate in the high molecular weight fraction and 
that it exerts a catalytic effect on the polymerization 
of the asphaltene fractions as well." 

The author concludes the article with a brief discussion 
of the processing problems of AOS bitumen due to high 
asphaltene and high resin content and some of the 
methods for metals reduction, etc., currently being 
tested to improve the upgrading process. Two of the 
more promising of these are reduction with molecular 
hydrogen and hydrogen sulfide and reduction by hydro-
gen donor solvents. 
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OVERBURDEN HANDLING AT 
SYNCRUDE CANADA, LTD. 

An article, "Overview of Overburden Removal at Syn- - 
crude Canada Ltd.," by M.E.C. Carter and V. P. Mal-
hotra was presented in the Canadian Institute of Mining 
Bulletin, March 1983. The article describes the over-
burden removal and disposal method being utilized at 
Syncrude Canada Ltd.'s Mildred Lake tar sand operation 
near Fort McMurray, Alberta. The Syncrude Tar Sands 
Plant was officially opened on September 15, 1978. 
Total capital investment for the project was approxi-
mately $2.26 billion and permitted production rate is 
129,400 barrels of synthetic crude oil per day. 

The Syncrude tar sand operation consists of a large 
surface mine and a surface bitumen hot, water extrac-
tion plant. Figure 1 is a schematic diagram of the 
operation. The tar sand is mined from the McMurray 
Formation in the Athabasca Tar Sand Deposit. The tar 
sand contains 6 to 18 percent bitumen and averages 
11 percent. The thickness of the bitumen saturated 
sands reaches a maximum of about 245 feet with the 
average of ore grade material at a depth of about 
145 feet. The tar sand is covered by an overburden that 
averages about 50 feet thick and ranges up to nearly 
100 feet thick. The overburden is removed prior to 
mining of the tar sand by trucks and shovels. The tar 
sand itself is mined by four large draglines with an 
operating radius of about 338 feet and bucket capaci-
ties of about 80 cubic yards. The draglines place the 
tar sand in windrows that are reclaimed by bucket 
wheelsand conveyed to the processing plant. The 
overall stripping ratio of waste to ore is 0.6 to 1.

Overburden removal is expected to increase from about 
26 million cubic yards in 1981 to 39 million cubic yards 
in 1988. Table 1 describes the overburden and shows 
the range in thickness of the various overburden layers. 
The table shows the variation in thickness on type of 
material to be removed as overburden. Earlier over-
burden removal consisted of using bucket wheel excava-
tors (BWE). By 1979, however, problems developed in 
trying to mine an industrial siltstone with the BWE. 
Renewed study then indicated the best option for 
removal of overburden was by truck and shovel. 

TABLE 1 

DESCRIPTION OF OVERBURDEN AND 
RANGE IN THICKNESS AT SYNCRUDE

Range 
Overburden	 In 
Material	 Description	 Thickness 

(feet) 

Muskeg Peat 0-26 
Surficlal Deposits Clays, silts, sands, 9.5-16 

gravels 
Glacial Till Sand, silt, clay, 9.5 

cobbles, boulders 
Clearwater Formation Marine deposit: clay 9.5-82 

silt, and sand 
Low Grade Tar Sand Sand, silt, clay less 0-82 

than 6% bitumen
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During 1979, overburden removal with trucks and 
shovels was initiated on a contract basis. The contrac-
tors used a variety of mobile equipment including: 
Caterpillar 992C loaders, Porclain model 1000 and 600 
shovels, and Caterpillar and Euclid 50-and 85-ton haul-
age trucks. The contractors removed about 12 million 
cubic yards of overburden In 1979. During 1980 the 
contractors removed over 28 million cubic yards. In 
1981 Syncrude began operating its own overburden 
removal fleet, and contract yardage was reduced to 
55 percent of the total. Syncrude expects to use 
contractors for removal of about 40 percent of the 
overburden for the next few years. Syncrude's overbur-
den fleet consists of: 

• Loading equipment: Two H-241 Demag 
19 cubic yard hydraulic shovels and one 
International Harvester Model 580 
22 cubic yard rubber-tired front-end 
loader. 

• Haulage equipment: Ten Titan 33-15B,
170 ton, electric-drive haulage trucks. 

Pit and road maintenance: Three Cater-
pillar Model 16G motor graders and one 
rubber-tired Caterpillar Model 824-C 
dozer.

• Dump equipment: Four Caterpillar D-10 
crawler tractors and two Komatsu 0-355 
crawler tractors. 

The equipment was purchased with cold weather pro-
tection packages. The abrasive nature of the overbur-
den has resulted in higher than normal maintenance 
costs for crawler-tractor undercarriages and the track 
rollers for the hydraulic shovels. Buckets for the 
hydraulic shovels are routinely rebuilt in the shop at 
2,000 how Intervals. Extra buckets are on hand to limit 
shovel downtime. 

The tailings from the processing plant are placed out-
side the mine. The overburden, however, is dumped 
into the center portion of the mined out area. Initially, 
overburden was disposed of outside the mine until 
sufficient room existed to dump overburden within the 
mine. Overburden dumps are constructed in 2 and 3 
levels. Figure 2 shows the design of a two level dump. 
The internal pocket in the dump is for placement of 
incompetent overburden which is estimated at 15 per-
cent of total overburden volume. 

FIGURE 2 

GENERAL DESIGN OF TWO LEVEL IN 
PIT OVERBURDEN DUMP 

-
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INTERNATIONAL 

WORLD RESOURCES OF HEAVY OIL 
AND TAR SANDS 

A paper "World Resources of Heavy Oil and Tar Sands" 
by Richard F. Meyer, at al, presented at a conference 
"Synthetic Fuels from Oil Shale and Tar Sands," spon-
sored by IGT in Louisville, Kentucky, May 17-19, 1983 
describes world resources of heavy oil and bitumen. 
The paper contains an estimate of the recoverable 
reserves at 1982 oil prices and state-of-the-art techno-
logy. 

The authors believe that interest in heavy oil remains 
high for the following reasons: 

• There is a perception that crude oil 
prices will rise as the world economy 
strengthens. 

• Many of the bitumen deposits are lo- - 
cated in areas deficient in light crude oil 
supplies. 

• Heavy oil should be exploited while suf-



ficient light oil is available for diluent. 
• Finding rates for crude oil lighter than 

200API gravity are not keeping pace with 
production. 

As evidence that resources of heavy oil are becoming 
increasingly valuable, the paperpresents production 
history for conventional crude oil in the United States 
which is summarized in Table 1. Table 1 indicates that, 
without any new discoveries of conventional crude oil, 
only 9 or 10 years of reserves remained at 1979 produc-
tion rates and known recoverable reserves at that time. 
Increased drilling activity in the United States from 
1980 to 1982 resulted in a small net increase in 
recoverable reserves; however, the decline in reserves 
is expected to resume.

TABLE 1

• Extra-heavy crude oil— (100API gravity 
but mobile in the reservoir and produci-
ble through a well bore. 

• Bitumen— (100API gravity and immobile 
in the reservoir. 

Enhanced oil recovery (EOR) technology is of primary 
interest in the recovery of heavy crude oil. The paper 
identified 132 EOR projects in the United States and 
another 43 EOR projects for heavy oil fields outside the 
United States. Heavy oil and tar sand mining has 
potential but is only being conducted at commercial 
scale in the Soviet Union and Canada. 

The authors of the paper estimate that world deposits 
of heavy oil, extra heavy oil, and bitumen exceeded 
5.0 trillion barrels of oil and bitumen in place. Table 2 
is a summary of the in-place resource of bitumen and 
bitumen production from the data presented in the 
paper.

TABLE 2 

SUMMARY OF IN-PLACE BITUMEN RESOURCE
AND PRODUCTION

(Billion Barrels) 

	

In-Place	 Production 
Resource Cumulative Annual 

United States	 22.1 
Canada	 1,248.1	 0.41	 0.06 
Soviet Union	 1,153.0	 0.014 
Rest of World	 36.9	 0.004 

Total	 2,460.1	 0.428	 0.06 

PRODUCTION AND RESERVES OF
CONVENTIONAL CRUDE OIL FOR 1979

(Billion Barrels) 

Authors	 1979 API 
Data	 Report 

Production, 1979 2.9 3.0 
Cumulative Production 124.4 120.8 
Remaining Reserves 30.0 28.4 
Ultimate Recovery 154.5 147.8

Definitions of heavy oil and bitumen adapted for this 
paper are shown as follows: 

S Heavy crude oil-1 0 to 200API gravity.

Table 3 is a summary of the recoverable reserves of 
heavy oil, extra heavy oil, and bitumen. The estimated 
recoverable reserves at 1982 oil prices and state-of-
the-art technology are approximately 525 billion barrels 
of heavy oil and bitumen, or about 10 percent of the in- 
place resource. The authors point out, however, that 
54 percent or 281 billion barrels of the recoverable 
reserves is either undiscovered or poorly known. 

The paper presents cost data collected from other 
sources which indicate mining production costs (exclud-
ing taxes, royalties, and upgrading costs) for United 
States deposits may vary from about $8.90 to about 
$33.00 per barrel. This leads the authors to believe 
that heavy oil and bitumen recovery by mining or 
mining enhanced In situ is marginally economic, and 
that government help in the United States is required in 
most cases if a significant industry is to develop. The 
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Bitumen 
Iden- 
tif led

Undis-
covered 

2.21 1.8 
48.8 0.09 

0.002 - 
122.1 0.01 
173.1	 1.9 

TABLE 3 

SUMMARY OF RECOVERABLE RESERVES OF HEAVY OIL, 
EXTRA-HEAVY OIL, AND BifUMEN

(Billion Barrels) 

Extra 
Heavy Oil Heavy Oil 

Iden- Undis- Iden- 
tified covered titled 

United States 4.9 5.2 0.014 
Canada 0.24 3.7 - 
Venezuela 10.5 165.5 57.1 
Rest of World 23.66 77.5 1.8 

Total 39.3 251.9 58.9

paper indicates that economic analysis of major heavy 
oil deposits using a generic steam drive model shows 
that some deposits in Canada, the United States, Vene-
zuela, and Trinidad can be produced at favorable net 
energy ratios.

TABLE 1 

TURKISH ASPHALTITES ARE DESCRIBED 

Turkey has insignificant reserves of conventional crude 
oil and natural gas and must, therefore, import its 
fuels. However, the country does contain lignite, oil 
shale, and asphaltites. A program to develop the 
asphaltic reserves was recently described in a paper 
entitled "The Development of Synthetic Fuels from 
Turkish Asphaltites" presented at Synfuels' Second 
Worldwide Symposium by E. Ekinci and S. Turkey. 

Asphaltic Reserves 

As summarized in Table 1, eight separate asphaltic 
reserves have been identified in southeastern Turkey. 
The structure of the asphaltities is reported by the 
authors to be very similar to the Athabasca bitumen 
found in Canada. The average composition of the 
Turkish asphaltites is: 1.0 to 5.3 percent water, 33 to 
47 percent ash, 4.3 to 6.4 percent sulfur, 24 to 40 per-
cent volatiles, 47 to 59 percent fixed carbon, 3.4 to 
5.6 percent hydrogen, and 4.9 to 30 percent solubility in 
carbon disulfide. These asphaltites are believed to be 
petroleum that has lost the light fractions and subse-
quently has been modified by catalytic activity of 
mineral matter. 

Several methods of using the asphaltites have been 
investigated. The authors reported on laboratory tests 
of solvent extraction, solvent extraction following acid 
extractions to remove the inorganic rock matrix, pyro-
lysis, fluidized bed combustion, and recovery of metals.

RESERVES OF ASPHALTITES IN TURKEY 

Higher	 Mineral 
Calorific	 Matter 

Reserves Value Content 
(Thousand (kcal/kg) (%) 

Tonnes) 

Avgamasya 14,300 4,000-5,000 37.4 
Milli 6,500 3,000-4,000 50.2 
Anilmis 5,510 5,000 - 
Seridalhi 4,000 5,000 58.4 
Nivekar 1,700 4,250 45.9 
Ispindoruk 1,215 4,000 42.1 
Seguruk 1,000 4,000 38.0 
Harbol 18,000 5,000-7,000 42.0

pyrolysis 

Various researchers have investigated pyrolysis pro-
cesses to produce liquids from Turkish asphaltites. 
These studies primarily utilized asphaltites from the 
Harbol and Avgamasya deposits. The results of the 
tests described by the authors are summarized in 
Table 2. From these various tests, the authors conclude 
that the liquid product is very similar to conventional 
crude oil even without hydrogenation. Additionally, the 
tests indicate that greater liquid yields are obtained 
from Harbol asphaltite than from Avgamasya asphal-
tite. Also, pyrolysis tended to produce high quantities 
of paraffinic products, asphaltenes, and large polar 
aromatic fractions. Recovery of rare metals may also 
be incorporated into a process that utilizes pyrolysis of 
the asphaltites. 
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PYROLYSIS STUDIES OF TURKISH ASPHALTTFES 

Researcher:	 C. Tasman 
Test:	 Harbol Asphaltite in a Fischer Retort 
Results:

Percent 

Liquid Product 13.0 
Water of Decomposition 3.5 
Coke and Free Coal 25.3 
Inorganic Matrix 44.6 
Gaseous Products 13.6 

Researcher:	 F. Orhun 
Test:	 Avgamasya Asphaltite in a Fischer Retort at 530°C 
Results: 
Depth of Sample (m)	 21.7-37.5	 76.8-95.4 131.6-147.7 160-170 
Water (Moisture-Structural) 	 0.67 0.80 0.53 0.54 

(%) 
Gaseous Product (%) 	 8.02 6.19 6.47 7.41 
Liquid Product (%)	 12.0 11.2 9.8 8.0 
Distillation Residue (%) 	 79.35 81.8 83.2 84.0 

Researchers:	 Maden Tetkik Arama Enstitusu (MTA) 
Tests:	 Avgamasya Asphaltite at 800°C for 300 Minutes, 900°C for 

300 Minutes, and 900°C for 375 Minutes 
Results:	 Optimum Product Distributions:

Percent 

Pyrolysis coke 64.6 
Gaseous Fuel 19.1 
Synthetic Oil 11.8 
Liquor 2.9 
Hydrogen Sulfide 0.5 
Ammonia 0.13 

Coke Heating Value (kcal/kg) 3,900 
(BTU/Lb) 7,020 

Oil Characteristics: 
Gravity (°API) 26.6 
Sulfur Content (%) 3.8 
Carbon/Hydrogen Ratio (Approx) 8 
Heating Value (kcal/kg) 9,400 

Gas Characteristics: 
Hydrogen Content (% Volume) 37.8 
Heating Value (kcal/Nm 3) 4,800

Researchers:	 E. Ekinci 
Tests:	 Harbol and Avgamasya Asphaltites in	 a Gray-King Apparatus 

Heated to 525t over 75 Minutes or to 840°C over 150 Minutes 
with the Final Temperature Maintained for 30 Minutes 

Results:
Harbol	 Avgamasya 

Temperature, °C	 525	 840	 525	 840 
Pyrolysis Loss (% Wt/Wt)	 27.5	 41.6	 16.9	 19.3 
OR Yield(% Wt/Wt) 	 19.0	 24.4	 10.8	 11.1 
Volume Evolved	 67	 208	 70	 118
(Gas/cm 31asp.)
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TABLE 3 

SOLVENT EXTRACTION OF TURKISH ASPHALTITES 
AT ATMOSPHERIC PRESSURE 

Researcher: 
Test:

saracogullare 
Sirnak (Avgamasya, Mull, Seridaihi, Nivekar, and Seguruk) 
Asphaltites In Various solvents at an Asphaltite/solvent Ratio 
of 1/10 

Results:
Particle Yield of 

solvent Time	 size Crude Oil 
nrn-	 1M) (%) 

Benzene 6	 9 10.25 
12	 -9 11.33 

Chloroform 12	 -9 11.50 
a	 -32 13.00 

24	 -32 12.60 
CO14 8	 -9 7.00 

-32 9.67 

Researchers: K. D. Battle, at el 
Test: Avgemesya and Harbol Asphsltites in Vorlois Solvents with 

and without Acid Pretreatment 
Results:

Extraction	 Yield (%) 
solvent Treatment Time	 Avgamasya Harbol 

(how) 
3/I Benzene- 

Methanol - 14	 4.8 6.5 
- Exhaustion	 5.3 18.0 

H01,11C1-zn Exhaustion	 5.9 17.0 
Aniline -

2'
5.3 5.6 

Tetraline - 24	 6.0 11.5 
Chloroform - 24	 6.1 12.5 
Chloroform HC1,HCI-Zn Exhaustion	 6.8 24.8 

Researcher: M. Toley 
Tests: Avgemasya Asphaltite in Various solvents with and without 

Acid Pretreatment 
Results:

Extraction 
Solvent sample Ash	 Time T	 Yield 

N1	 (Flour) C')	 WF 
Toluene Original 37.6	 76 110	 9.16 

Acid Extracted 5.0	 76 110	 10.02 
CS2 Original 37.6	 76 46	 13.04 

Acid Extracted 5.0	 76 46	 15.21 
Chloroform Original 37.55	 76 61	 10.56 

Acid Extracted 5.0	 76 Cl	 12.26 

TABLE 4 

HIGH PRESSURE EXTRACTION 
OF TURKISH ASPHALTITES 

Acid Crude 
Solvent Extraction Pressure Oil Yield 

(%) 

Toluene Treated 1 10.02 
Treated 5 14.45 
Treated 10 15.96 
Untreated 10 13.30 
Treated 15 15.13 
Treated 20 14.90 
Untreated 20 11.86 
Treated 30 14.31 
Untreated 30 11.40 

Chloroform Treated 1 12.28 
Treated 10 14.92 
Treated 20 10.32 
Treated 30 9.51 
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Acid Extraction of the Inorganic Matrix 

Due to the high mineral content of Turkish asphaltites, 
one method of producing synthetic oil is to remove the 
minerals by acid extraction. The authors described the 
tests conducted by K. D. Bartle in which hydrochloric 
acid was used to remove the carbonates and sulfates, 
and zinc dust and hydrochloric acid were used to 
remove the pyrites. The results of these tests are 
summarized in the following sections that describe 
solvent extraction experiments. 

Another set of acid extraction tests described by the 
authors were conducted by M. Tolay. These tests used 
15 percent hydrofluoric acid to remove the silicates. 
After three acid pretreatments, the highest removal of 
inorganic material was 88.4 percent. 

Solvent Extraction at Atmospheric Pressure 

Three sets of solvent extraction tests were described by 
the authors. The results of these tests are summarized 
in Table 3. from the tests conducted by Laracogullal, 
the authors conclude that particle size does not appre-
ciably change the extraction efficiency. The authors 
reported that the solvent extraction experiments found 
that linseed oil achieved the highest yields, but that it 
may be degradative. The tests by Bartle obtained the 
best yields with chloroform extraction. 

High Pressure Solvent Extraction 

The authors summarized one set of tests conducted by 
Tolay at elevated pressures. Results of the tests are 
briefly presented in Table 4. The tests achieved the 
highest oil yield (16 percent) at 10 atmospheres using 
toluene as the solvent and acid pretreatment. This test 
increased oil yield by 59 percent above the atmospheric 
extraction tests using toluene (15.96 percent oil yield 
versus 10.02 percent shown in Table 3). Additionally, 
the authors stated that the acid pretreatment increased 
oil yield by 20 percent (15.96 percent oil yield versus 
13.30 percent). 

Complementary Processes 

Uses have also been evaluated for coke obtained from 
pyrolysis of asphaltites and from carbon residue from 
solvent extraction processes. The authors believe the 
coke and residual carbon could be used for ammonia 
production. Another use the authors described was as a 
fuel for fluidized bed combustion. Due to high sulfur 
dioxide emissions, limestone was added during some of 
the tests. Researchers have also found the calcium 
minerals in the asphaltites to be good absorbers of 
sulfur dioxide and NOx. 

Metals Recovery 

To enhance the economics of various processes, reco-
very of metals from the residue has been studied. The 
metals contents of several Turkish asphaltites are sum-
marized in Table 5. From these results, the authors



TABLE 5 per year of coke. The authors estimate the pyrolysis 
coke could fuel a 150 megawatt fluidized bed power 
plant. 

METALS CONTENT OF TURKISH ASPHALTFFES 

Content (%) 
Metal or Avgamasya	 Pyrolysis 
Compound Asphaltite Ash 

Ni 0.15 0.33 
Mo 0.13 0.29 
V 0.15 0.35 
Ti 0.14 0.33 
13309 0.0064 0.0142 
Pb - 0.002 
Cd - 0.015 
Cr 0.015 0.04 
Cu 0.015 0.04 
Zn 0.015 0.3 
Si0 2 - 24.46 
Al203 - 10.17 
Fe203 - 7.88 
MgO - 4.66 
MnO - Trace 
CaO - 26.75 
Na20 - 1.14 
1<20 - 3.04 
503 - 24.01 

205 - Trace

Economically Viable Metals (KR/Ton) 
Asphaltite	 9309	 V	 Mo	 Ni 

Harbol	 0.24	 3.45	 3.33	 2.76 
Milli	 0.21	 2.94	 3.20	 2.27 
Avgamasya	 0.29	 4.76	 4.15	 2.89 

conclude that leaching of nickel, molybdenum, vana-
dium, and uranium "may be an essential part of an 
integrated asphaltite technology." 

Integrated Asphaltite Process 

Six options were presented by the authors for the use of 
Turkish asphaltites in an integrated process. The first 
option, direct combustion of 1 million tonnes per year 
of asphaltites in a power plant to produce 300 mega-
watts of electrical power and 5,390 tonnes of concen-
trated metals, was rejected in lieu of processes that 
produce liquid products. For the same reason, the 
second alternative (1 million tonnes of asphaltites per 
year to produce 308,000 tonnes of ammonia and 
5,706 tonnes of concentrated metals) was also rejected. 

The third option presented by the authors consists of 
pyrolysis of the asphaltite to produce synthetic oil, gas, 
and pyrolysis coke. Such a process utilizing 
1,040,000 tonnes per year of asphaltite is expected to 
produce 118,000 tonnes per year of oil (26.60API); 
252,000 cubic meters per year of gas containing 
4,800 kcal per cubic meter (540 BTU per cubic foot); 
5,000 tonnes per year of hydrogen sulfide; 5,333 tonnes 
per year of concentrated metals; and 646,100 tonnes

A fourth option described by the authors would utilize 
pyrolysis to produce oil, gas, and coke. However, the 
coke would be used to produce ammonia rather than 
electricity. This process (consuming 1,145,300 tonnes 
per year of asphaltite) was estimated to produce 
118,000 tonnes per year of oil; 252,000 cubic meters per 
year of gas; 646,100 tonnes per year of coke of which 
415,800 tonnes per year would be used to produce 
180,000 tonnes per year of ammonia; and 6,215 tonnes 
per year of concentrated metals. 

The fifth option evaluated by the authors consisted of 
solvent extraction at atmospheric pressure both with 
and without acid pretreatment. However, the pyrolysis 
processes were found to be more economically attrac-
tive. 

Lastly, the sixth alternative processing scheme de-
scribed by the authors involved solvent extraction using 
toluene at 10 atmospheres pressure with no acid pre-
treatment. Maximum oil yields of 21 to 23 percent 
have been achieved using high pressure solvent extrac-
tion. The residue from the extraction step could then 
be pyrolyzed to crack the higher molecular weight 
compounds that are not removed by solvent extraction. 
The coke from the pyrolysis step could be burned in a 
fluidized bed power plant. Finally, metals could be 
leached from the combustion residue. A conceptual 
flow diagram of the integrated process is depicted in 
Figure 1. The authors believe this process to be the 
most suitable integrated process for Turkish asphalti-
tes.

- 
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FIGURE 1 

FLOW DIAGRAM FOR AN 
INTEGRATED TURKISH ASPHALTITE PROCESS.
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ENVIRONMENT 

COMBINED HYDROCARBON LEASING 
HIS BEING PREPARED 

In the February 10, 1983 Federal Register the Bureau of 
Land Management (BLM) announced its intent to pre-
pare an environmental impact statement (EIS) concern-
ing combined hydrocarbon development in Utah. As 
described in recent issues of the Pace S ynthetic Fuels 
Report (see page 3-20 in the September 1982 issue, 
page 3-16 in the December 1982 issue, and page 3-8 in 
the March 1983 issue), the Department of the Interior 
recently developed and issued regulations concerning 
combined hydrocarbon leasing. The regulations estab-
lished Special Tar Sand Areas (STSA) in which tar sands 
resources can be developed in areas where oil and gas 
also exist. The regulations allow existing oil and gas 
leases on federal lands to be converted to combined 
hydrocarbon leases and allow competitive leasing of 
federal lands within STSAs. 

Preparation of the EIS included public scoping meetings 
during March 1983 to: 

• Inform the public of the nature of the 
combined hydrocarbon leasing and con-
version program 

• Gather resource information from the 
public 

• Consider concerns, problems, and/or 
issues important to the public that could 
realistically be addressed in the EIS. 

The comment period on the issues to be addressed in 
the EIS ended on April 15, 1983. According to the ELM 
Team Leader, Alan Partridge, the Draft EIS is expected 
to be completed in August 1983.

-
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RESOURCE 

CHARACTERISTICS OF ALABAMA BITUMINOUS 
ROCKS 

The geology and geochemistry of Alabama tar sands are 
described in a paper, "Geology and Geochemistry of 
Bituminous Rocks in Northern Alabama," by G. V. 
Wilson and D. C. Thomas. The paper was presented at a 
conference, Synthetic Fuels from Oil Shale and Tar 
Sands," sponsored by lOT in Louisville, Kentucky, 
May 13-19, 1983. The paper focuses on a band of 
Mississippian age "bituminous rocks" or tar sand along a 
70 mile long outcrop through Morgan, Lawrence, and 
Colbert counties, Alabama. Hydrocarbons (heavy oil) 
have been confirmed in the sub-surface to extend 10 to 
15 miles south of the outcrop. A summary of the paper 
is presented in the following. 

The most significant bitumen or heavy oil deposits in 
the area of interest occur in the Hartselle Sandstone 
and the underlying Pride Mountain Formation. Figure 1 
shows the location of the Hartselle Sandstone outcrop, 
coreholes, and other locations of interest. 

The Pride Mountain Formation consists of a series of 
thick shales interbedded with medium to thin beds of 
limestone, sandstone, and siltstone. The shale beds 
vary from medium to dark gray, are fossile, and often 
contain siderite. The limestones vary from fine-grained 
and argillaceous to oolitic and highly fossiliferous. The 
sandstone beds are generally lenticular and limited in 
areal extent. The sandstones generally vary abruptly in 
thickness, bedding characteristics, grain size, and poro-
sity. 

The Hartselle Sandstone is a light colored, fine-grained 
quartzose sandstone. Individual beds are predominantly 
cross-laminated and medium to very thick bedded. The 
thickness of the Hartselle varies from area to area but 
may exceed 150 feet In some areas. Moderately good 
porosities and permeabilities occur locally. 

Deposits of heavy oil are located in both sandstones and 
limestones in the Pride Mountain Formation and within 
a broad stratigraphic interval within the Hartselle 
Sandstone. Heavy oil deposits are located in the "lower 
sandstone member" (also known as Bethel Sandstone) of 
the Pride Mountain Formation. The best known deposit 
in this sandstone is located near the town of Cherokee 
(see location 9 on Figure 1). A limestone in the lower 
portion of the Pride Mountain, commonly about 25 feet 
thick, also contains heavy oil in western Colbert 
County. Generally, the oil-impregnated thickness of 
the limestone is 10 to 14 feet. The limestone is oolitic 
and fossiliferous in areas of impregnation. This lime-
stone is generally located 25 feet stratigraphically 
about the "lower sandstone" unit described above. The 
best known locality (see location 10 on Figure 1) has 
been quarried in the past. 

The Hartselle Sandstone exposures are most often 
tightly cemented and barren of hydrocarbons. How-
ever, moderately good porosity and permeabilities 
occur locally, and in widely scattered areas the sand-

stones are impregnated with heavy oil (see locations 1 
through 8 on Figure 1). Individual surface deposits are 
reported to have saturated thicknesses of up to 18 feet. 

In the subsurface, coreholes have encountered saturated 
thicknesses of up to 30 feet. 

The bitumen-impregnated strata dip to south at 30 to 
less than 50 feet per mile. No major structural impedi-
ments to commercial development by either in situ or 
surface mining methods are known to exist in the area 
of interest. 

Past exploitation of the bitumen-impregnated rocks has 
been by surface quarrying operations to produce natural 
asphalt for road paving. The largest operations were 
conducted in western Colbert County just south of the 
town of Margerum in the limestone of the Pride Moun-
tain Formation. Various operators have mined the 
"natural asphalt" and from 1941 to 1973 a total of about 
4.9 million tons was mined and used as road paving 
material. The authors suggest that future commercial 
development will most probably be restricted to the 
Hartselle Sandstone and directed much of their investi-
gation to the Hartselle. 

The degree of oil impregnation varies from a trace to 
richly saturated wherein oil seeps from fractures and 
bedding planes. Freshly broken rock surfaces and fresh 
core emit a strong petroleum odor and may also drip 
with oil. Reports of oil seeping into domestic wells 
indicates that the "bitumen" is locally at least slightly 
fluid. More commonly the bitumen is immobile on 
outcrops and at shallow depths. 

Cores taken in the oil-impregnated Hartselle indicate 
that porosity generally falls In the 9 to 17 percent 
range. However, ranges within any specific interval are 
known to vary from less than 1 percent to as high as 
24 percent. Permeability also varies significantly from 
less than 1 to several hundred miuidarcies. Permeabi-
lity in these zones has been measured approaching 
1,000 millidarcies. Both porosity and permeability in 
the Hartselle appear to increase from east to west. 
The degree of bitumen saturation increases in the 
Hartselle with increases in porosity and permeability. 
The authors report that cores studied indicate that 
bitumen saturations in the Hartselle vary from about 1 
to 60 percent of pre-volume but average about 27 per-
cent. Outcrop samples indicate a similar range of 
saturation, 1 to 68 percent of pore volume. Table 1 
shows the oil saturations from a number of outcrop 
samples. 

The paper reports that estimates of in-place resources 
of bitumen in the Hartselle Sandstone by others (Chaf-
fin, at al, 1975 and Lewis and Associates, 1982) vary 
from 1.18 billion barrels to as high as 3.5 billion barrels. 
The lower value was restricted to a 350 square mile 
area and was based on a 21 foot thick pay zone with 
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TABLE 1

OIL SATURATIONS OF OUTCROP SAMPLES FROM VARIOUS METHODS AND SOURCES 

Sample Location Oil Saturation 

Number Sec 2 % by Weight1 % By Weight2 % of Pore Volume3 Fischer Assay4 
(Soxhlet (Ignition Gas + 

Extraction) Method) Gal/Ton Loss % 

TVA-01 11 7$ 4W 2.49 - - 3.26 1.96 
TVA-02 14 7$ 4W 5.69 6.87 37.1 (17.6) - - 
TVA-03 12 65 5W 3.75 4.40 38.1 (22.7) 4.48 0.00 
TVA-04 10 65 6W 4.20 3.90 36.3 (16.8) - - 
TVA-05 21 5S 9W 9.66 7.70;9.40 - - 4.71 8.73 
TVA-06 16 5$ 9W 8.54 9.10 58.7 (24.30 6.95 2.87 
TVA-07 22 5S lOW 9.57 - 68.0 (20.0) 6.31 6.01 
TVA-08 28 55 lOW 9.39 8.54 42.7 (25.1) 11.60 1.47 
TVA-09 35 55 11W 4.02 - 35.5 (26.9) 7.22 1.46 
TVA-10 34 5S 11W 4.19 - 30.8 (21.0) 3.95 4.90 
TVA-11 12 4$ 11W 6.26 7.43-14.90 - - 14.60 0.00 
TVA-12 12 45 15W 5.93 6.705 9.22 0.83 

1. Present study 
2. Reported by Clark, 1925 
3. Reported by Stewart W. Welch, Jackson, Mississippi personal communication, 

1982; leached porosity percent shown in parentheses 
4. Fischer Assay performed by Colorado School of Mines 
5. Due to the calcareous nature of these rocks, oil saturation values determined 

by the ignition method may be erroneously high. 

TABLE 2 

ULTIMATE ANALYSIS OF BITUMEN EXTRACTED 
FROM OUTCROP SAMPLES 

(Percent By Weight) 
Sample solvent Hydro- Nitro- 0110-
Number Used* Carbon aes, M Silt- Ash rine Oxyien *0 

TVA-01 0 80.76 10.60 0.78 1.46 4.80 0.30 1.50 
TVA-02 0 82.71 10.36 0.88 1.53 2.54 0.14 1.84 
TVA-03 T 79.68 9.69 0.83 2.02 3.43 3.55 
TVA-04 T 78.58 10.43 0.55 1.18 4.87 0.80 3.59 
TVA-05 T 82.13 10.17 0.79 1.93 1.55 0.82 2.61 
TVA-06 T 82.24 10.10 0.75 1.80 2.15 2.16 
(repeat) B 83.27 10.40 0.90 1.85 1.10 0.09 2.39 
TVA-07 7 82.04 9.89 0.77 1.78 2.86 2.06 
TV AS T 81.13 9.92 0.86 1.71 1.47 - 4.11 
TVA-0 9 T 80.90 9.90 0.79 1.89 3.81 - 1.91 
TVA-l0 T 81.44 10.31 0.78 1.67 3.04 - 1.98 
TVA-11 T 81.78 10.80 . 0.66 1.56 2.38 - 2.24 
TVA-12 T 77.83 9.43 0.84 1.50 6.78 . 2.82

-	 solvents used were Bensene (B) and Triohioroethane (1) 
*Oxygen values determined by difference and a chlorine content of 
0.80 is assumed where no analysis was available. 

258.6 barrels per acre foot. The higher value was based 	 of outcrop samples. Comparison of the ultimate analy-
on an area of 1,350 square miles and a pay thickness	 sis of the Hartselle Sandstone bitumen indicates that 
varying from 8 to 18 feet. 	 this bitumen is similar in carbon-hydrogen percentage 

and ratio and sulfur and nitrogen content to bitumen 
The chemical composition of the Mississippian rock 	 from Asphalt Ridge (Utah) and from Alberta, Canada. 
bitumen indicates the bitumen is an immature oil or 
asphalt. It has a low ratio of mixed paraffins to 
aromatics with dominant saturated hydrocarbons be-
longing to the naphthene series. Table 2 shows the 
ultimate analysis of extracted bitumen from a number 	 4! 4! IN 4! 
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FIVE COMPANIES APPLY FOR COMBINED 
HYDROCARBON LEASES 

Amoco, Chevron/GNC, Enercor, Mono Power, and Sa-
bine Production have requested the Bureau of Land 
Management (BLM) to convert their oil and gas leases 
into combined hydrocarbon leases. As explained in 
recent issues of the Pace Synthetic Fuels Report 
(page 3-16 in December 1982 and page 3-8 in March 
1983), new regulations were recently issued regarding 
leasing federal lands within Special Tar Sands Areas 
(STSA). These regulations provide for both competitive 
lease sales of federal resources within STSAs and 
conversion of existing oil and gas leases to combined 
hydrocarbon leases. 

BLM is preparing an Environmental Impact Statement 
(EIS) to assess the effects of the five separate lease 
conversions. Additionally, the EIS will analyze the 
combined effects of the five leases. (This £15 is 
separate from a second EIS being prepared to analyze 
leasing in the STSAs. See the article entitled "BLM 
Preparing Combined Hydrocarbon Leasing EIS" in this 
issue.) A tentative schedule calls for a draft of the EIS 
to be issued in October 1983 and the final EIS to be 
completed in February 1984. 

UTAH APPROVES ASPHALTIC-BITUMINOUS 
SANDS LEASE APPLICATION 

On March 7, 1983 the Director of Utah's Division of 
State Lands formally approved Mineral Lease 
Application Number 39555. The lease covers 40 acres 
in Carbon County and is located as follows: 

T13S, R16E, SLM
Section 17: SW 1/4 NE 1/4 

The lease was awarded to Sabine Production Company, 
Dallas, Texas.
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STATUS OF SYNFUELS PROJECTS (Underline denotes changes since March 1983) 

OIL SANDS 

COMMERCIAL PROJECTS 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-06) 
California Tar Sands Development Corporation is proposing a project that involves downhole hydraulic mining 
of tar sands utilizing a special hydraulic tool. The sands will be stripped of bitumen through a secondary 
removal system. Construction of the mining tool would commence with United States Synthetic Fuels 
Corporation (SFC) funding and take 4 to 6 months. Upon completion, mining would begin. Construction of 
the separation system would begin six months after mining had begun. Loan and price guarantees were 
requested from the SFC under the third solicitation. However, the project did not pass the SEC's project 
maturity evaluation. 

Project Cost:	 Not disclosed 

CALSYN PROJECT - California Synfuels Research Corp. (Tenneco Oil Co., Dynalectron Corp., Alberta Oil Sands 
Technology and Research Authority, and Ralph M. Parsons Co.) (T-170) 

Dynalectron subsidiary Hydrocarbon Research, Inc. (HRI) is working with California Synfuels Research 
Corporation, operators for joint venture to build a commercial-scale heavy oil upgrading plant near Pittsburg, 
California, capable of handling heavy oil, tar sand bitumen and shale oil. The facility is designed to initially 
handle 5,100 barrels per thy of vacuum residue. The plant will use an HRI-patented process known as 
"Dynacracking." The project has received letter of intent from the Synthetic Fuels Corporation for a loan 
guarantee. Construction is expected to begin in the third quarter of 1983. 

Project Cost:	 $71.0 million total cost, including construction, start-up, interest, and contingencies 

CANSTAR - Petro-Canada, Nova - An Alberta Corporation (T-10) 
An oil sands mining complex is planned on a site in the Athabasca deposit. Both Husky Oil Ltd., and Alberta 
Natives have an option for up to 10 percent interest in the project. Plans to submit a regulatory application 
for approval have been indefinitely deferred. Studies continue on determining plant size, extraction and 
upgrading technology, and oil sands geology. 

Project Cost:	 Not yet determined. 

CHAPARROSA RANCH TAR SANDS PROJECT - Chaparrosa Oil Company (T-13) 

The Chaparrosa Oil Company is proposing a project to use steam-drive technology to produce tar from the 
San Miguel tar sands formation. Initial production from the two 5,000 barrels per thy modules proposed is 
scheduled to begin in the first quarter of 1984. A price guarantee is requested from the United States 
Synthetic Fuels Corporation under the third solicitation. The project passed both the SFC's project maturity 
and strength evaluations. The sponsors have selected Crest Engineering for detailed design of the project. 
The agreement is contingent on successful negotiations between the companies and SFC assistance. 

Project Cost:	 Not disclosed 

COLD LAKE PROJECT - Esso Resources Canada Limited (T-20) 
Project has been cancelled. 

DIATOMACEOUS EARTH PROJECT - Getty Oil Company (T-30) 

Getty Oil Company is studying the feasibility of commercial oil production from oil-saturated deposits of 
diatomaceous earth located in the McKittrick area of California's San Joaquin Valley. The deposits, which lie 
at depths of zero to 1,200 feet beneath a 1,680-acre parcel of land owned by Getty, are estimated to contain 
about 380 million barrels of recoverable oil, which will be recovered using open pit mining and backfilling 
techniques. Two extraction processes, the Dravo solvent extraction method and a Lurgi-Ruhrgas retort, are 
being tested in pilot plants. Both pilots have been completed. The plants will be operated for a year, after 
which Getty may choose a process for a full-scale plant. Project life for the commercial plant is estimated 
to be 48 years, with approximate average crude oil production of 20,000 barrels per thy throughout the life of 
the project. Getty estimates crude oil produced from the project will average 13 to 18 0 API gravity. 
Commercial plant start-up is tentatively scheduled for no earlier than 1988. 

Project Cost:	 Undetermined at this time.
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FALCON SCIENCE PROJECT - Falcon Sciences, Inc. (T-23) 
Falcon Sciences Incorporated is proposing a project to produce oil from tar sands. The project is planned to 
include five 100 acre grids. Production is projected to be 2,000 barrels per acre per year. A loan guarantee 
was requested from the United States Synthetic Fuels Corporation under the third solicitation. However, the 
project did not pass the SFC's project maturity evaluation. 

Project Cost:	 Not disclosed 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 
Greenwich Oil Corporation is proposing a project to produce heavy oil from the Harris Sand Reservoir in the 
Forest Hill Field in Texas. The project will start up in January 1984 and continue for a period of 23 years. A 
maximum rate of production of 1,750 barrels per thy will be reached in 1987. Loan and price guarantees are 
requested from the United States Synthetic Fuels Corporation under the third solicitation. The project 
passed both the SFC's project maturity and project strength evaluations. 

Project Cost:	 Estimated $34 million 

HOP KERN RIVER COMMERCIAL DEVELOPMENT PROJECT - HOP Kern River Development Associates, Ltd. 
(T-310)

A project to product 6000 BPD of 14°API crude oil from a 255 acre site in Kern River Field, California. A 
recovery technology known as the Heavy Oil Process (HOP) will be employed. The HOP technology has been 
licensed to the Project pursuant to a license agreement with Cornell Heavy Oil Process, Inc., who obtained 
rights to the HOP through its acquisition of Barber Heavy Oil Process, Inc., in June 1981. The process 
involves steam injected through boreholes drilled radially from the bottom of a large diameter shaft. 
The Project will consist of six HOP units, situated in three complexes, each of which will be capable of 
independent operations. The modular nature of the complexes will permit a phased construction and startup 
schedule, with construction of one complex beginning approximately 14 months after the construction start 
date of the preceding complex. Construction is scheduled to begin in 1984 with initial production beginning in 
1986. The anticipated life of the Project is 13 years. Over $1.0 million was spent by Barber Heavy Oil to 
develop the project. 
A Demonstration Unit has been constructed onan additional 25 acres in the center of the Project site. Major 
construction on the unit was initiated in April 1980, with the sinking of a seven-foot diameter shaft to the 
base of the oil sand tote produced. A 25-foot diameter cavern was then dug out so that eight horizontal 
wells could be drilled into the reservoir. 
Loan and price guarantees have been requested of the Synthetic Fuels Corporation for the project, which was 
selected for Phase II consideration under the SFC's Second Solicitation. The SFC has announced it will sign a 
letter of intent with the project sponsors. 

Project Cost:	 Estimated at $15 million total 

KENTUCKY TAR SAND PROJECT - Texas Gas Development Corporation (T-33) 
The Kentucky Tar Sand project issponsored by Texas Gas Development Corporation and is located in 
northwestern Logan County. It will employ the Dravo Solvent Extraction Processes for tar sands. It will 
produce 5,000 barrels per day of heavy crude oil but construction is not yet scheduled. A 200 tons per thy 
pilot plant was completed February 1983 with start-up mid-March 1983. Owner is The Cresset Corporation, a 
wholly-owned subsidiary of Texas Gas Development Corporation. Aproposal was submitted January 10, 1983 
to the United States Synthetic Fuels Corporation for financial support for the 5,000 barrels per thy 
commercial plant. Start-up will be in late 1986. 

Project Cost:	 Not disclosed 

PORTA-PLANTS PROJECT - Porta-Plants, Inc. (T-36) 
Porta-Plants, Inc., is proposing a project to produce 1,000 barrels per thy of bitumen from high-grade Utah 
tar sands utilizing an optimized hot water disengagement and selective cohesion process. The first phase (for 
which SFC assistance was not requested) involves construction of a 10 barrels per thy plant tobe operational 
in 1983. Superior yields have been proven. Construction of the 1,000 barrels per thy facility would follow on 
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the same site, with start-up scheduled for October 1985. Price and loan guarantees were requested from the 
United States Synthetic Fuels Corporation (SFC) under the third solicitation. However, the project did not 
pass the SEC's project maturity evaluation. A contract has been signed with AOSTRA involving special tests 
for low-grade ore. 

Project Cost:	 10 BPD Plant: $915000 
1,000 BPD Plant: d4,830,000 

SANTA ROSA OIL SANDS PROJECT - Solv-Ex Corporation, Foster Wheeler Synfuels Corp. (T-570) 
A project to recover 4,000 BPSD of oil from a deposit in Santa Rosa, New Mexico. A small open-pit mine will 
provide 13,000 TPD of ore to the extraction plant, which will employ a proprietary solvent extraction 
technology. Solv-Ex has operated a 25 BPD capacity test plant at their Albuquerque laboratory. For Stage I 
of the project, additional facilities for full recycle solvent and recycle water operation continuous filtration 
have been added and the final test program commenced. Stage II is construction of a 4,000 BPD plant. Stage 
III will be start up of plant to reach design capacity and Stage IV is the operation at capacity. A letter of 
intent for price and loan guarantees was received from the SFC on December 2, 1982. Foster Wheeler 
Synfuels Corporation are equity partners with Solv-Ex through this project. 

Project Cost: 	 $24 million total 
Stage!: $ 3 million 
Stage II: $18.5 million 
Stage III: $ 2.5 million operating capital 

SELECTIVE CATALYTIC COHESION PROJECT - Porta-Plants, Inc. (see Porta-Plants project) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada Resources Ltd. (T-40) 
The project will be the world's first refinery designed to use exclusively synthetic crude oil as feedstock, to 
be built in the Edmonton area. 
Initial capacity will be 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per 
day. Feedstock will be provided by the two existing oil sands plants. The refinery's petroleum products will 
be gasoline, diesel and jet fuel and stove oil. The refinery will also produce 4,800 barrels per day of benzene 
which will be used as feedstock for a world scale styrene plant presently under construction in the refinery 
vicinity. The refinery was to have been owned 60 percent by Shell Canada Limited (operator) and 40 percent 
by Husky Oil Operations Ltd. In April 1982, Shell and Husky (68% owned by Nova, an Alberta Corp.) decided 
to end the joint venture, leaving Shell with 100% interest in the project. The benzene manufacturing 
facilities associated with the refinery will also be owned by Shell Canada Limited as planned. 
An application for a permit to construct has received the approval of the Energy Resources Conservation 
Board of Alberta and the Government of Alberta. The prime contractor is PCL-Braun-Simons Ltd. (P-B-S) of 
Calgary, Alberta. 
Engineering and construction of the refinery has progressed well installation of underground piping, erection 
of storage tanks and construction of foundations are complete, with erection of major equipment proceeding 
in 1983. 
The large hydrocracker reactors, fabricated in Japan, arrived and were erected on site in July and 
August 1982. It is anticipated that the plant will be completed on schedule during the summer of 1984. 
Project Cost: 	 $1 billion (Cdn.) total final cost. 

SUNCOR, INC. (formerly Great Canadian Oil Sands, Ltd.) - Sun Oil Co. (72.8 percent), Ontario Energy Resources 
Ltd. (25%), publicly (2.2 percent) (T-SQ) 

Commercial oil sands plant located in the Athabasca bituminous sands deposit 40 kilometers north of Fort 
McMurray, Alberta, which has been in production since 1967. A four-step method is used to produce 
synthetic oil. First, overburden is removed to expose the oil-bearing sand. Second, the sand is mined and 
transported by conveyors to the extraction unit. Third, hot water and steam are used to extract the bitumen 
from the sand. Fourth, the bitumen goes to the refinery where it is thermally cracked into coke and 
distillates. The distillates are desulfurized and blended to form high-quality synthetic crude oil, most of 
which is shippped to Edmonton for distribution. Production capacity was 7,151 cubic meters until September 
1991 when an expansion was completed. The expansion added a third mining system which includes a 
bucketwheel excavator, a fifth line in the extraction plant and an additional pair of coking drums. A 250,000 
pounds per hour gas-fired boiler was added in the Utilities plant. Capacity is now 9,217 cubic meters per thy. 
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*"WOLF LAKE PROJECT - HP Canada Exploration Ltd. and Petroc-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 BP Canada Exploration Ltd. and Petro-Canada) is 
slated for daily oil production of 7,000 barrels when fully operational in mid-1985. The oil will be extracted 
by the "huff-and-puff" method. Two hundred wells will be 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. Engineering work for the field facilities is underway, and bids have been 
received for procurement and construction of the plant. Detailed engineering for the offsites is essentially 
complete. An estimated 1,200 wells will be needed over the expecte 25-year life of the project. Because the 
site consists mostly of muskeg, the wells will be directionally drilled in clusters of 16 or 32 from special 
patterns. The crude is heavy and viscous (12°API) and thus cannot be handled by most Canadian refineries. 
There are no plans to upgrade the crude into a marketable product; 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, and would also qualify for a special 133 percent tax write-off. The Alberta government has 
indicted that during the early years of the project the province will levey 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. 

Estimted Cost: $200 million (Cdn) 
(Additional $750 million over 25 years for additional drilling) 

R&D 

A.D.I. CHEMICAL EXTRACTION - Aarian Development, Inc. (T-80) 
Aarian Development Incorporated proposed the use of the A.D.I. Chemical Extraction technology to produce 
20,000 barrels of bitumen per day from Eastern Utah oil sands. The plant was to be built in three phases, 
with construction beginning in 1982 and initial production starting later that year at 5,000 to 8,000 barrels 
per thy. Phase two was to increase to 14,000 barrels per thy in the third year. Phase three would reach 
20,000 barrels per thy in 1986. Loan guarantees and price guarantees were requested from the Synthetic 
Fuels Corporation. (SIt) under the first solicitation. However, the project did not pass the SFC's evaluation. 

Project Cost:	 $28.3 million. 

AQUEOUS RECOVERY - Globus Tar Sand Process, United-Guardian, Inc. (T-90) 
The aqueous recovery process investigates the feasibility of using a low concentrate solution of a 
Polycomplex to extract bitumen from oil sands. 
The pilot plant will initially operate in Happauge, Long Island, NY. United-Guardian, Inc., affiliate of Globus 
Resources Ltd. (Hong Kong) developed and patented the process. Stearns Catalytic Inc. (Calgary, Alberta, 
the sole Canadian licensee) and Globus announced in November 1982, the successful start up of a continuous 
pilot plant designed to process 12 tons of tar sand per thy. After validation tests have been completed, work 
will begin on a large scale prototype plant in 1983, to be located in the Athabasca Region. 

Project Cost:	 $1.0 million plus 

ARDMORE THERMAL PILOT PLANT - Union Texas of Canada, Ltd. (T-100) 
Union Texas of Canada, Ltd., is operating an in situ recovery pilot in the Cold Lake tar sand deposit of 
northeastern Alberta. The purpose of the project, consisting of is wells drilled on 5 acre spacing, was to 
evaluate both steam stimulation (huff and puff) and steam drive. The reservoir crude isimmobile at original 
conditions, but by using steam stimulation, the reservoir temperature around the well bore was increased 
enough to allow the heavy crude (10-12° API) to be produced. After several steam stimulation cycles, 
interwell communication was established between 4 of the 15 experimental wells. 	 At that point, 
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From April 1979 to January 1, 1981 Suncor received world price for its synthetic crude production. However, 
the National Energy Program (NEP) announced in November 1980 rolled-back prices of the Oil Sands Division. 
IN 1981, under the NEP, domestic wellhead price was received for the first 7,151 cubic meters per day (pre-
expansion nominal capacity) and world price for any daily production exceeding that figure. Effective 
January 1, 1982 as part of the September 1981 New Oil Reference Price Agreement between Ottawa and 
Alberta, the Oil Sands Plant received a standard price for all production. This has been $40 to $45 per barrel 
(Canadian). 
Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., 
Ltd. Suncor Inc. is comprised of two major divisions: Sunoco Group in the east, and Resources Group in the 
west. The Resources Group is sub-divided into four divisions: Exploration, Production, Resources Develop-
ment, and Oil Sands Division. 
In November 1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. Suncor plans 
to move toward 51 percent Canadian ownership by 1984. In late July 1982 suncor Inc. announced plans to go 
ahead with the "Large Pit" project at a cost of $185 million (Canadian). This will increase synthetic crude 
reserves by about 90 million barrels and add nearly five years to the life of the oil sands project. At the same 
time, the company announced a $170 million Plant Integrity Program to help make the plant more reliable. 

Project Cost:	 (see above) 

SUNNYSIDE TAR SANDS PROJECT - Great National Corporation and Standard Oil Company of California (T-590) 
A 240 tons per day tar sands pilot employs ambient water flotation concentration followed by solvent 
extraction (developed by the University of Utah). Start-up was in March 1982. The company has 2,000 acres 
in the Sunnyside deposit of Utah. The company has contracted Foster-Wheeler and Morrison-Knudsen for 
upgrading and mining. Price guarantees for the commercial project were requested of the Synthetic Fuels 
Corporation for the project, which was selected for Phase II consideration under the SEC's second 
solicitation. The project was subsequently transferred to the third solicitation. In the proposal, the sponsors 
specified a project to produce bitumen from tar sands through mining and solvent extraction. The bitumen 
would be upgraded to a syncrude using conventional refining techniques. The project passed both the SFC's 

35,000 barrels per thy in a second phase. Construction of the first phase would begin in the first quarter of 
1984, with initial production estimated for late 1985. 

Project Cost:	 $1 billion for ultimate 40,000 barrels per day facility 

SYNCRUDE CANADA, LTD. - Esso Resources Canada Limited (25 percent); Canada Cities Service, Ltd. (13.23 
percent); Gulf Canada Resources Inc. (9.03 percenth Petro-Canada Ventures Inc. (17 percent> Alberta Energy 
Company (10 percent); Alberta Oil Sandsilty (16.74%); PanCanadian Petroleum Limited (4 percent); Hudson's Bay 
Oil and Gas Co., Ltd. (5 percent) (T-60) 

Plant at 9392-10 W4M with an allowable production of 129,000 BPCD 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 is 31.33 million barrels. All major equipment in place and operational; 
four draglines and four bucketwheels working. Syncrude's staff is now 4,200. 

Project Cost:	 Total cost $2.3 billion 

WHITEROCKS OIL SAND PROJECT - Enercor, Hingeline-Overthrust Oil & Gas Corporation, Rocky Mountain 
Exploration Company (T-65) 

As a joint venture, Enercor, Hingeline-Overthrust Oil & Gas Corporation, and Rocky Mountain Exploration 
Company are proposing a project to recover and upgrade 5,000 barrels per thy of oil from tar sands. The 
project plans to use open pit mining to recover the ore which will then be processed using a patented 
technology. Both price and loan guarantees were requested from the United States Synthetic Fuels 
Corporation (SFC) under the third solicitation. The project did not pass the SYC's project maturity 
evaluation. 

Project Cost:	 Not disclosed
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(approximately January 1, 1980), the project was converted to a steam dive with one injector and three 
producers (the other 11 wells were shut-in). Since then the production rate of the three producers has 
averaged in the order of 50 BOPD/well. To date more than 250,000 barrels of heavy crude have been 
recovered since the pilot was initiated. 

Project Cost:	 Capital Costs estimated at $3.0 million 

ASPHALT RIDGE PILOT PLANT - Enercor, University of Utah, Mobil (T-110) 

A pilot project to test the University of Utah Hot Water Extraction process on various Utah tar sands 

November 9, 1981 was the official start-up date for the 50 barrels per day pilot plant which was to operate 
for six to eight months. Enercor is the prime contractor; Ford, Bacon, and Davis handled plant design 
construction, and the University of Utah Research Institute is responsible for plant operation. Enercor 
received a $450,000 grant from the Utah State Advisory Council on Science and Technology, who will, 
according to provisions of the appropriation legislation, monitor pilot plant activities through the Utah 
Engineering Experiment Station. 

Pilot plant completed Phase I operation on April 15, 1982. Results were favorable. A large quantity (5,000 - 
6,000 tons) of tar sand ore from P. R. Springs, White Rocks, and Asphalt Ridge were run through the pilot 
plant. General tar recoveries from the ore were in the 95% range. Twenty to 1 water recycle to purge was 
achieved. Bitumen produced was of high quality and performed well in delayed coking pilot tests. 
Phase II work of six months duration to start soon, testing ore from other areas of P. R. Springs and 
Sunnyside. 

Project Cost:	 Estimated at $1.5 million 

ASPHALT RIDGE TAR SANDS PILOT PLANT - Sohio Shale Oil Company (T-120) 

A surface mining project using solvent/water extraction, located on approximately 8,550 acres in Uintah 
County, Utah. The extraction process is a process called "continuous counter current solvent extraction 
process" developed by Sohio in the laboratory. Phase I of the project, completed in 1981, involved completion 
of the laboratory process development work, design of a 24 BPD pilot plant by Bechtel, securing necessary 
permits and approvals and completing notification procedures. This was completed during 1981. Bechtel 
studied the feasibility of a 20,000 BPD commercial plant. The pilot plant will process about 60 tons of mined 
tar sands daily. Bechtel's design of the plant has been completed. A decision is expected in 1983 to proceed 
with Phase II, the construction and operation of the pilot plant. 

Project Cost:	 Undisclosed 

ATHABASCA IN SITU PILOT PROJECT - CDC OR and Gas, Ltd., Tenneco Oil of Canada, Ltd. (T-130) 

The COC/TECAN steam flood pilotwill begin with steam stimulation of production wells followed by 
continuous steam injection into the injection wells. Two separate patterns will be tested to compare the 
effect of different well spacing. Anticipated peak oil production rate is about 2,000 BOPD. All pertinent 
data concerning the volumes and pressures of steam injected, steamfront movement through the formation, 
and the volumes and analysis of the produced fluids will be recorded and stored on a micro-computer for 
future analysis. A total of 50 wells were planned including 10 producers, 16 injectors, 15 temperature 
observation wells inside the patterns, three observation wells outside the patterns, three water source wells, 
and three water disposal wells. The pilot project commenced operations during December, 1981. Initially only 
the one well pattern received injection. 

If the pilot is successful during the first few years of operation, it would be expanded in 1984. Also, other 
supplemental techniques (nitrogen or carbon dioxide injection) might be tested. An intensive corehole 
program and geological analysis would be conducted on the in situ lands of Lease 87 to determine the best 
location for a commercial project. 

Project Cost:	 $45 million (estimate) 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 

Mobil Oil Canada initiated dry combustion in 1965 and converted to wet combustion in 1978. This ongoing 
field project presently has nine burns and 133 production wells. 

3-33	 SYNTHETIC FUELS REPORT, JUNE 1983



STATUS OF SYNFUELS PROJECTS (Underline denotes changes since March 1983) 

R & 0 PROJECTS (Continued) 

Project Cost:	 Not Disclosed 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Standard Ltd. (T-140) 

The original project, an experimental in situ project located at 36-61-2-W4M, was terminated. ERCO 
approval No. 2269 was issued April 18, 1977 for a 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 12/21/1984. 
Project consists of six producing wells, one steam injection well and eight temperature observation wells. A 
stea:n drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. 
Canterra Energy Limited acquires information from the project under an agreement subject to annual 
renewal. 

Project Cost:	 $12 million to end 1983 (estimated) 

BLOCK ONE PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, Petro-Canada, Ltd, Suncor, Inc., 
Shell Canada Resources (T-iSO) 

This experimental in situ recovery pilot is located in section 27-85-8 W4M, Gregoire Lake, Athabasca deposit, 
Alberta, Canada. The project, called Block One, consists of nine 2-1/2 acre patterns, expected to produce 
nearly 1,000 BPD. This in situ project is utilizing a 3-step process including COFCAW (Amoco holds patent 
rights to this process). A total of nine injection, 16 production and seven observation wells are contained 
within the patterns. Operations commenced in August 1977. An agreement was signed with AOSTRA to 
undertake this project as a 50 percent working interest partner in 1976. Petro Canada Ltd, Shell-Canada 
Resources and Suncor Inc. each acquired a 12.5 percent interest in the project, reducing Amoco's share to 
12.5 percent. 

Project Cost: 	 Phase A $46 million (Cdn.) 
Phase B $25 million (Cdn.) 

BURNT HOLLOW TAR SAND PROJECT - Kirkwood Oil & Gas Company, Glenda Exploration & Development 
Corporation (T-160) 

A 7.5-acre pilot project for in situ recovery of oil from the Burnt Hollow tar sand deposit near Devils Tower 
in Crook County, Wyoming. A steam drive process will be applied to the 600-1000 feet deep reservoir 
containing 90 to 120 API oil with a viscosity up to 1 million centipoises in the reservoir. Start-up was delayed 
until September 1982. Kirkwood Oil & Gas leased the tar sand property to Glenda as the general partner of a 
joint venture group who provided financing, and Technical Enterprises was responsible for most of the 
engineering and design work. The pilot consists of two injection wells and six producing wells. The project 
was run for several months and the information gathered is currently being evaluated. 

Project Cost: 	 Not disclosed 

CAT CANYON STEAMFLOOD PROJECT - Getty Oil Company, U.S. Department of Energy (T-180) 

The objective of this pilot program was to evaluate the feasibility and economics of the steam displacement 
process for future full-scale development of the Cat Canyon 51-B oil sand reservoir and in similar deep 
heavy crude oil reservoirs. The pilot consisted of four inverted five-spot patterns of five-acre spacing. 
Initial steam displacement began in April 1977. Steam injection was continuous through February 1980 
except for brief down-time periods for well or steam generator maintenance. Steam injection was shut-in 
until January 1982 to de-water the pilot area. Steam injection operations were resumed. Project is 
completed. 

Ultimate Project Cost: $8,700,000 

CEDAR CAMP TAR SAND PROJECT - Enercor, Mono Power (T-190) 

Conceptual project to include a 50,000 BPD (maximum) tar sand processing plant associated with a surface 
mine in the PR Spring area. Modified hot water extraction would be employed. At present, reserves for a 20 
year, 50,000 BPD plant are estimated, but not yet confirmed by an actual coring program. Construction of 
the first 15,000 BPD phase could begin as early as 1984. 
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Project Cost:	 Not disclosed 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 
Mobil's heavy oil project is located in T52 and R23, W3M in the Celtic Field, northeast of Lloydminster. The 
pilot consists of 25 wells drilled on five-acre spacing, with twenty producers and five injectors. There is one 
fully developed central inverted nine-spot surrounded by four partially developed nine-spots. The pilot was to 
field test a wet combustion recovery scheme with steam stimulation of the production wells. 
Air injection, which was commenced in October 1980, has been discontinued due to operational problems. An 
intermittent steam process was initiated in August 1982. Initial results of steam injection have been 
favorable. 

Project Cost:	 $30 million (Cdn.) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and Others (T-205) 
All preliminary engineering work has been completed, and an application has been made to the ERCB to 
permit construction of a 6 well pilot project at an estimated cost of $4.8 million. Plans are to we the "huff 
and puff" technique at Charlotte Lake. Canadian Worldwide has earned a 25 percent working interest in the 
8,960 acre property and will earn a further 25 percent working interest upon the installation of the pilot 
project. The oil sands tease is located approximately 12 miles east of the town of Bonnyville. Nine natural 
gas wells have been drilled on the property to date. These natural gas wells have confirmed the presence of 
heavy oil in the Lloydminster sand at a depth of approximately 1,300 feet. The pay zone, based on 
preliminary evaluations, is approximately 40 feet thick and has good reservoir parameters. 

Project Cost:	 (See Above) 

CHETOPA PROJECT - EOR Petroleum Co., Tetra Systems (T-210) 
EOR and Tetra Systems are developing a joint venture agreement, operating agreement, and an initial 
evaluation plan to confirm reservoir extent and ascertain reservoir rock and fluid properties. The evaluation 
will include the drilling of three (3) or more wells, coring, logging, and laboratory analysis of the rock and 
fluid samples obtained. Future plans will be predicated upon this information. 
The Chetopa Project, located in Labelle County, Kansas, could me technology for heavy oil recovery 
developed by Tetra Systems. This process involves the excavation of a series of shafts, approximately 12 feet 
in diameter and 100-200 feet deep, and the insertion of steam pipes into the formation beneath each unit. 
"Flip-Flop" technology is used to extract heavy oil from the reservoir. EOR requested that the U.S. 
Synthetic Fuels Corporation enter into a loan guarantee commitment for $21 million under the SFC's first 
solicitation. However, the project did not pass the SFC's project maturity evaluation. 

Project Cost:	 Not disclosed 

COLD LAKE PILOT PROJECT - BP Canada, PanCanadian Petroleum Ltd., Hudson's Bay Oil and Gas (see Wolf Lake 
Project) (T-220)	 - 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 

A stratigraphic test program was conducted on Mobil's 75,000 hectares of heavy oil leases in the Cold Lake 
area. Approximately 100 holes have been drilled to date for the evaluation program. Heavy oil zones with a 
total net thickness of 30 meters have been delineated at depths between 290 and 460 meters. This pay is 
found in sand zones ranging in thickness from 2 to 10 meters. A program is currently underway to evaluate 
several of these zones by obtaining reservoir fluid samples and production testing. Steam stimulation is 
currently underway. 

Project Cost:	 Not disclosed 

SOUTH TEXAS TAR SANDS (SOnS) PROJECT (Fracture Assisted Steamflood Technology (FAST)) - Conoco 
(T-240)

This Maverick County, Texas project involves the use of a novel and newly patented fracture assisted 
steamflood process (FAST) to recover -2 0 API gravity (i.e. viscosity over 2,000,000 cp) tar from the San 
Miguel 4 formation at a depth of 1500 feet. The first 5-acre inverted 5-spot pilot test conducted during the 
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31 month period beginning December 1977 and ending June 1980 was successful in producing 169,000 barrels 
of tar which corresponds to better than 50 percent recovery efficiency. To confirm the performance of this 
first pattern, a second 7 1/2-acre inverted 7-spot pattern is presently being conducted at a location 2 miles 
west of the previous pilot site. Continuous steam injection and production at the new pilot began in August 
1981. Tar response started at 300 BPD and peaked at nearly 600 BPD during November 1981 before 
beginning a gradual decline. Steam injection was terminated in June 1982, after which cold water was 
injected until January 1983. Cumulative tar oroduction for this second oilot was 133.000 barrels or about 

feasibility of a large scale tar sands project, part of the steam for this second pilot test was provided by a 
solid fuel fired fluidized bed steam generator. The 50 million BTU per hour FBC demonstration unit has now 
operated for more than 7,000 hours and completed successful test burns on a wide variety of fuels ranging 
from low sulfur (1.5 weight percent) coal to high sulfur (7.1 weight percent) petroleum coke. Overall, the 
rrformance of the FBC unit has either met or exceeded all of its basic design parameters. Reportedly, this 
is the worlds first application of the FBC concept to oil-field steam generation. Currently, Conoco plans to 
continue ongoing process development work at the existing pilot plant location. 

Project Cost:	 Not disclosed 

DEEPSTEAM PROJECT - U.S. Department of Energy, Sandia Laboratories (T-250) 

This project includes use of a downhole steam generator developed to operate at the base of the oil-bearing 
formation. Field testing started in February 1980 on the Chevron lease near Bakersfield, California. During 
the first phase of the test, steam will be injected from above ground. In the second phase of the test, foam 
will also be used to control movement of steam through the reservoir. Trials of three downhole steam 
generators began in the summer of 1980. During a 5-month test, 25,000 barrels of heavy crude were 
recovered from the Kern River Field in California by using the downhole generator on the surface. Longer 
term tests are in progress at Long Beach, California. Two downhole steam generators are used in the Long 
Beach test, one using air and diesel fuel, the other oxygen and diesel fuel. The program is intended to 
produce commercially designed units by 1982-1983. 

Project Cost:	 Not disclosed 

DYNACRACKING UPGRADING PLANT - Hydrocarbon Research, Inc. (see Calsyn Project) 

ENPEX SYNTARO PROJECT - ENPEX Corporation, Tesoro Petroleum, Pickens Energy, C-E Lummus, and Texas 
Tar Sands Ltd. (T-260) 

The ENPEX Corporation, Tesoro Petroleum, Pickens Energy, C-E Lummus, and Texas Tar Sands Ltd., 
(ENPEX and Ray M. Southworth - General Partners; Superior Oil, Getty Oil, and the Whittier Interest - 
Limited Partners) propose a project to produce and upgrade 10,000 barrels per day of tar in Maverick and 
Zavala Counties, Texas. Production will be by steam drive. The LC-Fining process, licensed by C-E 
Lummus, will be used for upgrading. Construction is scheduled for 1984 and 10,000 barrels per day operation 
is expected to be achieved in 1986. 

LC-Fining is based on technology utilized and commercially developed by Cities Service in the world's first 
residual hydrocracker put on-stream in Lake Charles, Louisiana in 1963. C-E Lummus is serving as sole 
licensor worldwide for the Cities Service technology and is also further developing the technology. LC-Fining 
is a service mark of C-E Lummus for engineering, marketing, and technical services that relate to 
hydrocracking and hydrodesulfurization process for reduced crude and residual oils. 

The Enpex Syntaro Project passed the United States Synthetic Fuels Corporation's "maturity test" under the 
third solicitation, but did not pass the project strength evaluation. 

Project Cost:	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam 
stimulation in the Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot 
site in 27-64-3W4 on Esso's Lease No. 40. Current project approval is 1,500 BOPD with productivity around 
700 BPD from 30 wells on a five spot pattern. Esso has sold these data to several companies. Esso's Leming 
pilot is located in Section 5 through 8-65-3W4 and currently produces 12,000 BOPD. The Leming pilot uses a 
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seven spot as well as an oblong line drive pattern. A horizontal well was drilled in 1978. Esso expanded its 
Leming field and plant facilities in 1980 to increase the capacity to 14,000 BOPD at a cost $60 million. A 
further expansion to debottleneck the existing facilities will take place during 1983 to increase the capacity 
to 15,800 BOPD. The cost of this expansion will be $40 million. Operating wells at Leming by year-end 1983 
will total 311. 
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. A 150 mile pipeline system to 
transport diluted bitumen from Cold Lake to Edmonton, Alberta and return the diluent material to Cold Lake 
was commissioned in May 1982. The diluent is required to reduce the bitumen viscosity to an acceptable 
level for pipeline shipment. 

Project Cost:	 $200 million 

EYEHILL IN SITU STEAM PROJECT - Murphy Oil Company Ltd, Canada Cities Service, Ltd., Canadian Reserve Oil 
and Gas Ltd. (T-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 16-40-28-W3 in 
Saskatchewan six miles north of Macklin. The pilot consists of nine five spot patterns with 9 air injection 
wells, 16 producers, 3 temperature observation wells, and one pressure observation well. The pilot covers 180 
acres. Ignition of the nine injection wells was completed in February 1982. The pilot is now fully on stream. 
Partial funding for this project was provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The 
pilot was given the New Oil Reference Price as of April 1, 1982. 
The pilothas 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°API, viscosity 2,750 Cp at 70°F, porosity 34%, and permeability 6,000 nd. 

Project Cost:	 $13.7 million 

FT. KENT THERMAL PROJECT - Worldwide Energy Corporation and Suncor, Inc. (T-290) 
Worldwide Energy Corporation and Suncor, Inc. have completed Phase H of a three phase program to develop 
heavy oil deposits on a 4,960 acre lease in the Fort Kent area of Alberta (28-61-4-W4M). Thirty-eight wells 
have been completed, and current production using the "huff-and-puff" technique, averages 1,500 barrels per 
day. Oil produd at Fort Kent has an average gravity of l2.5"API and sulfur content of 3.5 percent. Under 
an agreement 

ce
between Worldwide and &Incor, Suncor became the operator of the project on January 1, 1980. 

Engineering evaluation of Phases I and II proceeded throughout most of 1981. 
Preliminary engineering designs for the expansion have been completed, involving the drilling of 112 wells and 
construction of additional steam facilities at an approximate cost $88 million. The 112 wells will be drilled in 
three and one-half (3-1/2) clusters of 32 wells in 1982 and 1983, using a slant hole rig. The expansion will 
boost production to 5,000 barrels per day. As of December 31, 1982, 67 wells had been drilled in the 
expansion program, of which 47 are successful oil wells, 10 are marginal oil wells at today's crude oil prices, 
and 10 are dry holes. The net pay zones of the wells located within the formation are thicker than expected 
(an average of 60 feet of net pay as opposed to an expected average of 50 feet). Accordingly, the company 
believes that fewer than the previously planned 112 wells maybe required in Phase III but that the overall 
anticipated production increase to 5,000 barrels per day will still be achieved. 
ERCB approved the expansion and granted the partners a five percent experimental royalty rate, and world 
level oil prices (determined by the New Oil Reference Price) for both existing and future production, 
effective April 1, 1982. 
Agreement in principle has been reached with the nearby town of Bonnyville to use its sewer effluent as 
water source for steam injection. Suncor will spend 55 percent of the first $137 million (Cdn.) and the 
companies will share the remaining cost equally. 
In October 1982, Canadian Worldwide and Suncor made an application to the Alberta Oil Sands Technology 
and Research authority ("AOSTRA") in respect of the first phase of a program to test enhanced recovery 
techniques at Fort Kent. The first phase, estimated to cost $1.2 million (expected to be funded by AOS'FRA 
as to 50 percent), consists of laboratory studies by the Alberta Research Council, engineering feasibility 
studies, and certain engineering tests at Fort Kent. Based on the results of these studies, a second phase 
could be undertaken. This would consist of the installation of a pilot project to inject materials, such as 
carbon dioxide, that may increase the recovery of the heavy oil. Based on its experience and preliminary 
laboratory test results, the Company believes this program, if successful, might increase the percentage of 
the exploitable oil in place ultimately recovered.
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Project Cost:	 Estimated Total Cost $448.6 million (Cdn.) (escalated for cost of living). 

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 will be expanded and injection rates 
increased during 1983 so that meaningful results can be obtained by 1988. 

GROSMONT THERMAL RECOVERY PROJECT - Union Oil Company of Canada Limited (T-300) 
Since 1975, Union has operated three in situ steam tests and two in situ combustion tests in the Grosmont 
formation of Alberta's carbonate heavy oil deposit. In 1982, a new single five spot pattern is to be tested 
using stimulation and drive processes in section 28-87-19 W4. 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). Operations are programmed to continue to the end of 1984. 
At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost:	 Not disclosed 

INTERNATIONAL HYDROCARBON TAR SANDS PROJECT - International Hydrocarbons Inc. (T-320) 
Tar sand recovery project located in Grand County north of Green River, Utah (T21S R16E). International 
Hydrocarbons has 600 acres of state land and 200 acres of fee land which provide a resource base of 
approximately 396 million barrels recoverable oil. Thermal extraction with open pit mining will be applied to 
produce up to 60,000 BPD. Construction is scheduled to begin in late 1982. Although International 
Hydrocarbons was not selected to receive assistance from the SFC, the company is progressing on its own. 

Project Cost:	 $700,000 

IPIATIK LAKE PROJECT - Petro-Canada, Alberta Energy Company (T-330) 
This project is a multi-well exploration program operated by Petro-Canada under a farmout agreement with 
Alberta Energy Company. The project is located in a 195 section area of the North West Corner of the 
Primrose Bombing Range near Cold Lake, Alberta. Ninety-eight wells of a proposed 100 wells were drilled by 
the end of 1982. Heavy oil in place is estimated to be 1000 x 106 cubic meters. A thermal recovery pilot two 
km north of this acreage started up in April 1982. 

Project Cost:	 Not disclosed 

KENSYNTAR PROJECT - Kensyntar Partnership (T-340) 
In May 1981 the principals of Westken Petroleum formed the Kensyntar Partnership with the Pittston 
Petroleum Corporation and LISA Resources. Kensyntar has acquired a 19,000 acre lease-hold in Edmonson 
County and is developing techniques for the recovery of the heavy oil or tar sands on this lease. Westken 
Petroleum Corporation acts as lease operator and technical advisor to the Kensyntar Partnership on this 
project. A one acre inverted seven spot pilot pattern was constructed in the summer and fall of 1981. 
Injection of steam was commenced in November 1981 followed by steam plus air. Combustion initiated on 
February 4, 1981. Heavy oil production commenced in February 1982. Nearly 1,000 barrels of oil were 
produced over a 56-thy period. 
Assuming favorable recovery and economic data the Kensyntar Partnership plans to proceed with a 10,000 
BPD commercial facility in Edmonson County. Loan and price guarantees have been requested from the 
Synfuels Corporation for the project, which is in Phase II consideration under the Synthetic Fuels 
Corporation's Second Solicitation. 

Project Cost:	 $200 million 
$7 million invested through mid-1982 

LETC TS-1S, Steam Drive - (see Tar Sand Research Program) 

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 1600 feet. The pilot consists of one 
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inverted seven spot pattern enclosing 20 acres. Each well has been steam stimulated and produced roughly 8 
times. Steam drive from the center well was initiated in September 1980. Production rates from the seven- 
spot area have been encouraging to date. Oil gravity is 10*API and has a viscosity of 102,500 Cp at 701F. 
Porosity is 33% and permeability is 2500 md. Separation of the water from the oil emulsion has been a severe 
problem since steam drive was started. Because of this problem, the project was shut-infrom August 1982 
until February 1983 while a new desi gn of emulsion dehydrater was installed. The new dehydrater was started 

Project Cost:	 $2 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (T-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh 
field in order to evaluate an enriched air and air injection fire flood scheme. The project consists of nine 
30 acre, inverted seven spot patterns to evaluate the combination thermal drive process. The enriched air 
scheme involves three 10-acre patterns. Currently 95% of the battery facilities are completed. 
Air is currently being injected into one pattern to facilitate sufficient burn volume around the wellbore prior 
to switching over to enriched air injection in July 1982. The surrounding production wells have shown some 
response to the fire flood scheme resulting in average well rates of 10.0 m 3/D/well versus 6.0 m3/D/well 
under primary production. 

Project Cost:	 $22 million 

LLOYDMINSTER FIREFLOOD - Murphy Oil Company, Ltd. (T-380) 

An experimental wet in situ fireflood project located in the Lloydminister area, Silverdale (Sparky Pool 
Formation), Saskatchewan, Canada, was operated from August 1973 until May 1980. The pilot consisted of a 
nine spot pattern enclosing 40 acres. The drive system appeared technically successful. However, severe 
operating problems associated with the production wells resulted in unfavorable economies. The pilot is now 
suspended. 

Project Cost:	 Initial capital investment approximately $1 million 

MARGUERITE LAKE PHASE A PILOT - 
Sand Technoly and Research Authority 
floc\ - '7 Q( (P_tQfl'l 

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 BPD bitumen from 
the Cold Lake heavy oil deposit of northeastern Alberta. The project, which is to last until 1985, involves the 
use of steam and combustion for bitumen recovery and is located at 7-66-R5-W4M. It is funded 50 percent by 
the Alberta Oil Sands Technology and Research Authority and the remaining project costs are shared in the 
following manner: BP Canada (20 percent), Hudson's Bay Oil and Gas (17 1/2 percent), PanCanadian Petroleum 
(12 1/2 percent). HBOG and PCP have the right to purchase from BP their respective percentage interest in 
the 75,000 acre block of leases now wholly owned by BP on which the pilot plant is located. The project 
utilizes cyclic steam stimulation followed by in situ combustion in the Mannville "C" zone at a depth of about 
500 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 inf ill wells were drilled in 1981. Initial steam injection (Phase A) 
commenced in mid-1978 and will continue through the mid-1980s. Completion is schedule for 1985. 
Preliminary testing of the in situ combustion stage began in several special test, wells located immediately 
adjacent to the main pilot wells. Recently the partners agreed to test oxygen injection in addition to the 
current air injection combustion test. 

Project Cost:	 $44 million 

LAKE 'B' UNIT EXPERIMENTAL TEST - BP Exploration Canada/AOSTRA (T-395) 

BP Exploration and Alberta Oil Sands Technology and Research Authority (AOSTRA) entered into an 
agreement in 1982 whereby they will test the potential for producing bitumen from the heavy oil deposits in 
the Cold Lake area of northeastern Alberta. The project, which is funded 50 percent by BP Exploration and 
50 percent by AOSTRA, consists of one cyclic steam stimulation well and two observation wells in the 'B' unit 
of the Lower Grand Rapids Formation, commenced in 1982 and will continue until mid-1984. 
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Project Cost:	 $2.9 million (Canadian) 

MEOTA STEAM DRIVE PROJECT (North Battleford Heavy Oil Project) - Canterra Energy Ltd., Total Petroleum 
Canada Ltd., Saskatchewan Oil and Gas Corporation (1-400) 

The project is located approximately 20 miles northwest of North Battleford and started in 1974 with one 
well. Nine 

oil 
production/steam injection wells on 2.5 acre spacing have been drilled and subjected to cyclic 

steam stimulation between 1974 and 1980. The nine-spot was converted to an open pattern steamdrive in 
late 1980 and has been under drive since that time. A second phase of the pilot consisting of an additional 
twelve wells was added in 1981 and 1982 with initial cycle stimulation of a new 4-five-spot pattern underway 
at this time with conversion to stearndrive expected in late 1983. Steam for the project is provided by a 20 
MMBTU/hr Natco generator, a 25 MMBTU/hr Thermosludge steam generator, and a 50 MMBTU/hr Thermotics 
generator (installed during winter of 82/83). Feedwater is pipelined from the North Saskatchewan River and 
fuel gas for the generators provided from gas wells in the project area. Estimated completion date 1986-
1987. 

Project Cost:	 The Saskatchewan and Canada (Federal) Governments contributed $1.5 million in funding 
assistance during 1977 and 1978. 

MINE ASSISTED IN SITU PROJECT - Husky Oil Operations, Ltd., Esso Resources Canada, Ltd., Gulf Canada 
Resources, Inc., Canada-Cities Service, Ltd., and Petro-Canada (T410) 

Work has been completed on the Mine Assisted In Situ Project located in section 34-92-10 W4M of the Mildred 
Lake Area. The project consisted of three horizontal wells, 8 m apart which were drilled and completed to a 
total length of 310 m. The steam injection phase began in December 1979. The experimental plant which ran 
for a period of one year has been shut down and site reclamation begun. Evaluation is complete and the 
project was highly successful. Preliminary preparations are underway for a second phase feasibility study 
which would involve 2 shafts and 16 horizontal wells. 

Project Cost:	 $5 million (Cdn.) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (1-420) 
Dome Petroleum Limited has completed a 44 well drilling program in Section 35-51-4 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 average peak rate is approximately 25 
m 3/cVwell compared to 7 m 3/d/well under primary production. 
The steam-air injection and battery facilities are in place. Plans are to ignite one pattern using air in June 
1982. 

Project Cost:	 $20 million 

MURIEL LAKE PROJECT - Canadian Worldwide Energy Ltd. and others (T-435) 
Canadian Worldwide Energy Ltd. assumed operatorship of an existing seven-well experimental program at 
Muriel Lake in 1982. The operator has a 41 percent interest in the lease; Petro-Canada, the initial operator, 
spent over $7 million through the participatng group on the thermal recovery scheme. With a commitment to 
spend an additional $3 million, Canadian Worldwide plans to install a 10-well expanded pilot operation capable 
of producing 300 to 500 barrels per day. The oil produced is heavy (below 120API), with a production zone 40 
to 50 feet thick at a depth of approximately 1,450 feet. Reserves are estimated at 500 million barrels of 
heavy oil in place. 

Project Costs: See Above 

NATOMAS SOLVENT EXTRACTION PROCESS - Natomas Company (T-440) 

Natomas Energy Company received a grant from the Department of Energy to study the "Feasibility of 
Natomas Process For Extraction of Bitumen From Domestic Tar Sands." DOE contributed $363,594 towards 
the expected total project cost of $450,000. The feasibility study, which was completed in October 1981, 
indicates that Natomas Company's patented process to extract oil from tar sands is both technically feasible 
and economically viable. Further evaluation of the study results is under review, with a 20,000 BPD 
commercial facility still a viable objective by 1990-1992. Kaiser Engineers, Camp Dresser & McKee, and SRI 
were participants in the study.
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Project Cost:	 $450,000 

NORTH KINSELLA HEAVY OIL - Petro-Canada & AOSTRA (T-450) 
Heavy oil tertiary recovery experiment conducted in the North Kinsella field, in Alberta Canada. The 
experiment is underway and features the contrasting of two recovery methods; (I) a steam-driven 
mobilization, and (2) an in situ combustion method. Twelve wells have been drilled for each scheme. Pilot 
plant construction was completed in October 1979. The steamflood, which began operating in June 1981, was 
suspended in December 1981. Operations continue in the combustion pilot. Three new producers were drilled 
to form a 5 acre - 5 spot pattern around one of the original injectors. Air injection is continuing in this and 
one other injector. 

Project Cost:	 $26.7 million 

PCEJ PROJECTS - Petro-Canada, Canada-Cities Service Ltd. and Esso Resources Canada, Ltd., Japan Canada Oil 
Sands, Ltd. (T-460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ 
recovery technique consisting of electric preheat process followed by more conventional steam flood 
recovery mode. Site is located at Stoney Mountain, some 35 km south of Fort McMurray. The plant is 
presently in operation. Twelve wells were drilled, consisting of four electrode wells and eight observation 
wells. Electric current was connected by April 1981. The steam flood phase commenced in early 1982. A 
three phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan 
Canada Oil Sands could earn an undivided 25 percent in 34 leases covering 1.2 million acres in the in situ 
portion of the Athabasca Oil Sands by contributing a minimum of $75 million. Japan Canada Oil Sands has 
completed its interest earning obligation for Phase I by contributing $30.8 million. 
At a different site, the PCEJ group is Investigating vertical well steam stimulation where the steam is 
injected at a pressure high enough to fracture the formation. Planning is now in progress for the Phase II 
program. 

Project Cost:	 Not disclosed 

PEACE RIVER IN SITU PILOT PROJECT - Shell Canada Resources, Ltd./AOSTRA, Amoco Canada Petroleum Co., 
Ltd., Shell Explorer, Ltd. (T-470) 

Experimental in situ recovery project located about 20 miles northeast of Peace River, Alberta. Project 
consists of 7 seven-acre 7-spot patterns producing a peak of 3,500 BPD bitumen. Field site preparation 
commenced October 1977. Phase A covering engineering design, procurement and construction was a fixed 
$58 million. Phases B and C provide for five and four years of operation respectively, which could bring total 
cost to $170 million. Cost of the project being shared 50 percent by Alberta Oil Sands Technology and 
Research Authority (AOSTRA) and 18.75 percent each by Shell Canada Resources, Ltd. and Shell Explorer 
Ltd. and 12.5 percent by Amoco Canada Ltd. Construction and drilling completed October 1979 with Phase B 
operations now in progress. 

Project Cost:	 Phase A cost $58 million (complete) 
Phase B cost currently estimated at $65.7 million. 

PELICAN-WABASCA PROJECT - Gulf Canada Resources, Inc. (T-480) 
Construction of fireflood and steamflood pilot facilities is underway 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, when completed, will consist of a 31-well centrally enclosed 7-
spot pattern plus nine additional wells. Operations are continuing. 

Project Cost:	 Not Specified 

PRIMROSE PROJECT - Noreen Energy Resources Ltd. & Japan Oil Sands Co. (T-490) 
Norcen is the operator of an experimental in situ project located 25 miles north of Cold Lake, Alberta, 
Canada. Delineation drilling was completed in the spring of 1975 on lease No. 60. Drilling of production-
injection wells for the pilot project was completed in the fall of 1975, with construction of facilities 
essentially completed in September 1976. Steam injection operations have proceeded continuously since that 
date.
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Project Cost: The agreement with JOSCO stipulates that they must expend 75 percent of $15 million to 
obtain a 50 percent working interest in the lease. Expenditures reached the committed 
amount and the project was terminated in October 1981. 

PRIMROSE - KIRBY PROJECT - Petro-Canada (T-500) 

This land includes 40 sections under 100% Petro-Canada PN&G licenses. Based on 14 exploration wells 
completed to April 1981, a significant volume of bitumen has been identified. A field steam stimulation test 
pilot, with eight injection-production wells and four observation wells, is in operation as a follow up to an 
encouraging single well steam stimulation-oil production test. Steam Injection began in April 1982. All eight 
wells are now on their second or third cycle. 

Project Cost:	 No disclosed 

RIO VERDE ENERGY CO. PROJECT - Rio Verde Energy Corporation (T-530) 

Rio Verde Energy holds 160,000 acres of Kentucky oil sands leases. The company is presently exploring joint 
venture possibilities with other firms to develop these leases. 

Project Cost:	 Not disclosed 

RTR PILOT PROJECT - RTR Oil Sands (Alberta) Ltd. (T-540) 

The Oil Sands Extraction pilot project 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 "dry" tailings which are 
environmentally advantageous due to the substantial reduction in waste volume. 

Pilot data indicate that the total RTR 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 generated. 

Project Cost:	 Undisclosed 

SANDALTA-Home Oil Company, Ltd., Canadian Superior Oil Ltd., Gulf Canada Resources, Inc. (T-550) 

Home Oil Company Limited, in October 1979, announced the farmout of its Athabasca oil sands property to 
Gulf Canada Resources, Inc. The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 
15,086 hectares (37,715 acres), situated 43 kilometers (26 miles) north of Fort McMurray on the east side of 
the Athabasca River. Under terms of the farmout agreement, Gulf, through expenditures totalling some $42 
million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and Superior 
Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and 
evaluation of the results are continuing. 

Project Cost:	 Gulf Canada Resources, Inc. (only) $42 million. 

*SANTA FE TAR SAND TRIANGLE PROJECT - Santa Fe Energy Company Altex Oil Corporation (T-560) 

Santa Fe Energy Company and Altex Oil Corporation has proposed a four-phase-40 year exploration-pilot-
commercial scale project in the Tar Sand Triangle Area of Wayne County, Utah. Steam or in situ combustion 
would be considered on a proposed 66,000 acre Tar Sand Triangle Unit. A feasibility study and environmental 
review is underway. Exploration work is scheduled for 1984 to 1993. The phased program will determine 
commerciability of the project. 

Project Cost:	 Not Disclosed 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Westcoast Petroleum Ltd., Dome 
Petroleum Limited (T-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated 
by Alberta Energy Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir 
is a Glauconitic sand in the Upper Mannville formation which is underlain by water. The wells, including 
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R & D PROJECTS (continued) 

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. Phase A is expected to continue 
for four years. AOSTRA holds a 50 percent interest in the project, Alberta Energy Company holds a 25 
percent interest and Dome Petroleum and Westcoast Petroleum each hold a 12.5 percent interest. 

Project Cast:	 $11 million (Cdn) 

SUNNYSIDE PROJECT - Standard Oil Company of Indiana (Amoco) (T-600) 

Standard is conducting a feasibility study for a commercial project in the Sunyside deposit in Carbon County, 
Utah. Various extraction technologies are being studied. A coring program was completed on fee property 
and Amoco's Federal Oil and Gas Leases in the area. Data from this work will be used to determine-the 
extent of the resources and develop a feasible mining plan. The feasibility study is slated for completion in 
1983. The study is totally funded by Standard. 

Project Cost:	 Not disclosed 

SURMONT PROJECT - Gulf Canada Resources, Inc., AOSTRA (T-610) 
Project has been cancelled. 

•TACIUK PROCESSOR PILOT - The UMA Group Ltd./AOSTRA (T-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $1 million and has been in operation since. The process was 
invented by William Taciuk of The UMA Group. Development is being doneby 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 owuld replace both the 
extraction and primary upgrading steps of the process (hot water and coking) used at existing commercial 
plants. 

AOSTRA has recently approved a $4.5 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 RESEARCH PROGRAM - United States Department of Energy (T-625) 
United States Department of Energy Tar Sand Program conducted by the Laramie (Wyoming) Energy 
Technology Center (LETC). Field experiments with in situ thermal recovery technologies terminated in 
January 1982, due to severe reduction in proposed FY 83 Tar Sand Program Budget. Field experiment site on 
Sohio Shale Oil company fee property in Utah's Northwest Asphalt Ridge deposit west of Vernal, Utah, has 
been prepared for abandonment. Currently planned future tar sand oil recovery research will consist of 
laboratory experimentation. Continuation of environmental, upgrading, resource characterization, and oil 
recovery research is underway. Included is a three year United States/Canada cooperative project on "steam-
drive with additives."
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R & D PROJECTS (continued) 

Beginning in May 1983, the Department of Energy Program will be conducted by the University of Wyoming 
Research Corporation (UWRC) in the former LETC research laboratories. Department of Energy will fund 
the Program at a planned rate of $1 million per year for 42 months while the UWRC establishes a commercial 
clientele. 

Project Cost: $1 million per year for 42 months 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some fifteen coreholes by the end of 1981 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. Additional holes are being drilled to maintain the unit and to further evaluate the area. 

Project Cost:	 Unknown 

TARCO TAR SANDS PROJECT - Tarco, Inc. (T-640) 

A 250 BPD synthetic crude from tar sand plant located new Homer in Logan County, Kentucky. The plant 
began operating in 1981 and produced some oil before mechanical difficulties and winter weather forced it to 
shut-down in November 1981. Tarco plans to scale up the project to 5,000 BPD with construction resuming in 
spring 1982. The company is also negotiating to test the extraction process at a 1600 BPD pilot in Utah. The 
mobile plant facility is gas fired. Hexane extraction technology is being tested. 

Project Cost:	 Undisclosed 

TEXACO ATHABASCA PILOT - Texaco Canada Resources Ltd. (T-650) 

Texaco Canada Resources Ltd. is continuing to operate the experimental in situ recovery project located 
within Section 15-88-8 W4M on the Bituminous Sand Lease No. 81 in the Athabasca Oil Sands in Alberta, 
Canada. Construction started in 1972, and initial recovery operations commenced in 1973 with thirty-four 
wells on a 10-acre pattern. Steam flooding and low temperature oxidation with steam flooding, and caustic 
flooding were tested between 1973 and 1980. During 1982, a hot waterflood was initiated in one corner of 
this pattern. 

Eighteen new wells were drilled in 1975 on a second 3.75 acre, inverted, 7-spot pattern (Pattern 11), with 
expansion of surface facilities completed in 1976. Steam and light hydrocarbon flooding with modified 
pressure cycles were tested extensively on Pattern II. A hot water-flood with additives will be initiated in 
this pattern in July. 

During the winter of 1980-1981, a third pattern (Pattern Ill) consisting of three horizontal wells was drilled. 
Attempts were made to produce the first well following a remedial workover. The second well has undergone 
continuous steam injection. The third well has undergone a workover and steam stimulation. It is presently 
on production. 

Construction of a second pilot in Steepbank Bituminous Sand Lease No. 49, approximately 40 miles north of 
the existing pilot, has been delayed. 

Construction of a second horizontal well pilot at Steepbank Bituminous Sand Lease No. 49, approximately 40 
miles north of the existing pilot, has been delayed. 

Project Cost:	 $39.5 million as of end 1981 

ULTRA SONIC WAVE EXTRACTION - Western Tar Sands Inc. (T-660) 

A 30 BPD pilot plant located on a 640-acre site at Raven Ridge in Uinta County, Utah. Open pit mining, 
crushing and surface extraction will be employed. The facility will use solvent, condensed natural gas, or a 
paraffinic fluid, enhanced by ultrasonic vibration for extraction. Tracor, Inc. will build and operate the pilot 
plant. Science Applications, Inc. is responsible for design and engineering. The company had a ground-
breaking ceremony for the project in March 1981, but construction has been delayed by lack of funds. 
Western is negotiating with other companies to form a consortium. Construction could begin in September 
with initial production in August 1983. 

Corkhill Drilling, Inc. was engaged by Western to drill 14 holes to an average depth of 100 feet to determine 
the extent of tar sand resources on the site location.
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R & P PROJECTS (continued) 

Project Cost:	 $2.0 million 

11 200" SAND STEAMPL000 DEMONSTRATION PROJECT - Santa Fe Energy Company, U.S. Department Energy 
(T-670)

This is a jointly-funded steamfinod project in the Midway-Sunset Field of Kern County, California. The 
reservoir contains approximately 50 million barrels of oil-in-place between 400 and 700 feet deep. The 
project consists of five phases: Pilot site monitoring and evaluation; Pilot area expansion; Site selection for 
full-scale project; Expansion to full-scale steamflood, and a Production monitoring phase. The project is 
currently in its fourth year. The pilot evaluation report was prepared during 1979 and a decision was made to 
go to an expanded program of fourteen patterns with drilling anticipated to start in April 1980. Current 
expenditures on the project total $4,927,696. Injection rates for the pilot project averaged 450 barrels per 
day well with production from the ten pilot producers averaging 136 barrels per day oil and 276 barrels per 
day water for 1979. The project has indicated that it is rate sensitive. 
Expansion to a full scale stearnflood was started in April 1980. Currently, 21 wells have been drilled. Steam 
injection and production facilities are being constructed. The expansion was to have been completed in June 
1981. 

Project Cost:	 Total cost $8.25 million
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OIL SANDS - PATENTS 

Exxon Research and Engineering Company, Edward W. Funk - Inventor, United States Patent 4,347,118, August 31, 
1982, "Solvent Extraction Process for Tar Sands." A solvent extraction process for tar sands is disclosed wherein a 
low boiling solvent having a normal boiling point of from 200 to 70°C is used to extract tar sands. The solvent is 
mixed with tar sands in a dissolution zone. The solvent:bitumen weight ratio being maintained at from about 05:1 to 
2:1. This mixture is passed to a separation zone in which bitumen and inorganic fines are separated from extracted 
sand. The separation zone containing a classifier and countercurrent extraction column. The extracted sand is 
introduced into a fist fluid-bed drying zone fluidized by heated solvent vapors, so as to remove unbound solvent from 
extracted sand while at the same time lowering the water content of the sand to less than about 2 weight percent. 
The so-treated sand is then passed into a second fluid-bed drying zone fluidized by a heated inert gas to remove 
bound solvent. Recovered solvent is recycled to the dissolution zone. 

John C. Brewer - Inventor, United States Patent 4,361,476, November 30, 1982, "Process and Apparatus for 
Recovery of Oil from Tar Sands." A crude oil product is extractd from a tar sand by first crushing the tar sand as 
mined and then fine grinding the crushed material in a grinding mill in the presence of a cleansing liquid, such as an 
aqueous solution of a caustic. The resulting slurry is passed into suitable extractor-classifier equipment, such as 
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that shown in United States patent 3,814,336, in which a body of cleansing liquid is maintained. Agitation of the 
slurry in such maintained body of cleansing liquid substantially completes removal of the bituminous matter from 
the sand, and the resulting crude oil and cleansing liquid phase is discharged separately from the sand solid phase. 
The liquid phase is treated for the removal of residual sand particles and for the separation of residual cleansing 
liquid from the crude oil. The cleansing liquid so recovered is recycled and the crude oil is passed to further 
processing or for use as such. 

Helmut Schulz - Inventor, United States Patent 4,362,212, December 7, 1982, "Method for Enhanced Petroleum Oil 
Recovery." An enhanced petroleum oil recovery method for increasing the quantity of oil recoverable from an 
underground deposit thereof is provided which involves injecting into a first point in such deposit a liquid mixture of 
low molecular weight, light hydrocarbons; alternately reducing and raising the back pressure exerted on said deposit 
so as to alternately induce boiling and condensation of said light hydrocarbon mixture; recovering from a second 
point in said deposit under controlled back pressure a mixture of said light hydrocarbons and oil; separating the light 
hydrocarbons from the extracted petroleum oil by distilation; and then recycling the light hydrocarbons to the 
injection step. Another aspect of the invention involves utilizing the essential features thereof for the recovery of 
oil from oil-bearing sands, e.g., tar sands, which are mined and brought to the surface. 

Hydrocarbon Research Inc., Paul R. Tabor - Inventor, United States Patent 4,352,213, December 7, 1982, "Method of 
In Situ Oil Extraction Using Hot Solvent Vapor Injection." Heavy oil or bitumen is extracted and removed from 
underground oil bearing formations having low permeability such as tar sands by injection of hot hydrocarbon solvent 
vapor into a single well hole at a pressure not substantially exceeding the pressure in the formation to effectively 
heat and extract the bitumen. The hot solvent vapor is passed downwardly through an annular passage of concentric 
piping place in the well bore and is injected out through upper performations in the casing and into the formation. 
The hot solvent vapor condenses in the formation and drains along with recovered oil through lower performations 
back into the bottom end of the inner pipe, from which the product oil and solvent mixture is pumped to above 
ground. The solvent is partially reclaimed from the oil product by distillation means and the solvent friction is 
reheated and reinjected into the well bore for further use. The solvent used should be matched to the 
characteristics of the bitumen in the tar sands formation for most effective recovery of bitumen, and contains 
substantially aromatic compounds. As more bitumen is dissolved and removed from the formation, the injection and 
drainage performations In the casing are spread further apart vetically so as to cause the solvent to penetrate the 
formation more effectively and dissolve bitumen further away from the bore hole. 

Neil L. Carpenter - Inventor, United States Patent 4,362,610, December 7, 1982, "Apparatus for Recovery of 
Hydrocarbons from Tar Sands." Apparatus for releasing bitumen components of an earth aggregate by establishing a 
current flow within an electrolyte contained in a volume of the aggregate which has been isolated from the 
surrounding earth. The current flow electrochemically acts on the molecular bonds between the bitumen and the 
aggregate, thus releasing the bitumen. In addition, gases are released and absorbed by the bitumen which, along 
with the heat produced by passage of the current through the electrolyte, acts to reduce the viscosity of the 
bitumen. As the viscosity is reduced to the stage where the bitumen is liquid, gravitational action allows the 
bitumen to separate from the aggregate into a stratum which permits easy removal thereof. 

Chevron Research Company, Donald J. Anderson - Inventor, United States Patent 4,368,781, January 18, 1983, 
"Method of Recovering Viscous Petroleum Employing Heated Subsurface Perforated Casing Containing a Movable 
Diverter." A method is disclosed for recovering viscus petroleum from subsurface formation, such as tar sands, 
wherein a substantially horizontal, perforated casing is positioned in the formation and a movable diverter Is 
positioned to direct a hot drive fluid out through the perforations and into the formation to move the viscous 
petroleum that has been heated by the drive fluid toward a production location. The production is monitored for 
content of drive fluid and petroleum and the position of the diverter is controlled in accordance with the monitored 
production to optimize the production of petroleum and to maintain the communication path within the formation 
between the injection location and the production location. 

Alberta Energy Company Ltd., Canada Cities Service Ltd., Esso Resources Canada Ltd., Gulf Canada Ltd., Hudson's 
Bay Oil and Gas Company Ltd., PanCanadian Petroleum Ltd., Petro-Canada Exploration Inc., Petrofina Canada Inc., 
Lubomyr M. Cymbalisty, Alvin J. Maskawa, Lloyd W. Trevoy - Inventors, United States Patent 4,372,174, 
February 8, 1983, "Method and Apparatus for Sampling A Core of Tar Sand." The invention provides a method and 
apparatus for sampling a frozen core of tar sand. The frozen core is first cut transversely along its length to form a 
pair of slabs of semicircular cross-section. A longitudinal sample portion of substantially triangular coss-section is 
then cut from the central portion of the still frozen slab. The triangular sample portion is ground in a cryogenic 
grinder to produce a finely divided, substantially homogeneous material from which small representative sub-
samples may be obtained. The triangular sample portion is cut from the slab by a pair of angularly disposed circular 
saws carried along the length of the slab. The slab is supported and held by cradle means which fix the flat face of 
the slab in a pre-determined plane. The longtitudinal sample portion thus formed has a triangular cross-section of 
substantially constant cross-sectional area. 

Mobil Corporation, John L. Fitch and Lynn D. Mullins - Inventors, United States Patent 4,373,585, February 15, 
1983, "Method of Solvent Flooding to Recover Viscous Oils." Oil may be recovered from viscous oil-containing 
formations including tar sand deposits by first establishing a fluid communication path In the lower portion of the 
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formation intermediate at least on injection well and a production well. A hydrocarbon solvent having a density less 
than oil contained in the formation and a viscosity not greater than 1/100 the viscosity of the oil contained an the 
formation under formation conditions is injected into the communication path and fluids Including oil are recovered 
from the production well until the fluid recovered contains an unfavorable ratio of oil to solvent: The production 
well is shut-in and an additional quantity of the hydrocarbon solvent is injected into the fluid communication path, 
preferably until a total amount of between 0.05 to 0.30 pore volume. The injection well is then shut-in along with 
the production well to permit the formation to undergo a soak period for a variable time, prefereably for a time of 
between 2 to 20 days per vertical thickness in feet of oil-containing formation. A driving fluid such as water is then 
injected into the formation via the injection well and the oil is produced until there is an unfavorable ratio of oil to 
driving fluid. During the fluid drive recovery phase, the injection well and production well may be completed to be 
in fluid communication with the entire portion of the formation to obtain a more uniform displacement of the 
upgraded formation oil by the driving fluid. 

Mobil Corporation, John L. Fitch and Lynn D. Mullins - Inventors, United States Patent 4,373,585, February 15, 
1983, "Method of Solvent Flooding to Recover Viscous Oils." Oil may be recovered from viscous oil-containing 
formations including tar sand deposits by first establishing a fluid communication path in the lower portion of the 
formation intermediate at least on injection well and a production well. At least one additional interior production 
well in fluid communication with the upper portion of the formation is drilled within the formation defined by the 
injection well and production well. A hydrocarbon solvent having a density less than oil contained in the formation 
and a viscosity not greater than 1/100 the viscosity of the oil contained In the formation under formation conditions 
is injected into the communication path and fluids including oil are recovered from the production well until the 
fluid recovered contains an unfavorable ratio of oil to solvent. The production well is shut-in and interior production 
well is opened to production for recovering fluid including oil while solvent is continued to be injected into the fluid 
communication path via the injection well until the fluid recovered from the interior production well contains a 
predetermined amount of solvent. The injection well, production well, and interior production well are shut-in to 
permit the formation to undergo a soak period for a variable time, prefereably for a time of between 1 to 10 days 
per vertical thickness in feet of oil-containing formation. Thereafter, a driving fluid such as water is then Injected 
into the formation and the oil is produced until there is an unfavorable ratio of oil to driving fluid. 

Mobil Corporation, Louis D. Rollmann - Inventor, United States patent 4,379,489, April 12, 1983, "Method for 
Production of Heavy Oil from Tar Sands." An enhanced recovery process in which liquid sulfur is burned in an 
oxygen-containing gas underground to form sulfur dioxide. The sulfur dioxide may Itself act as a drive fluid for the 
recovery of oil or it may react with limestone in the formation to form carbon dioxide, an alternate drive fluid. 

Gulf Oil Canada, Ltd., Imperial Oil Ltd., and Ontario Energy Corpration, Thaddeus E. Kizior - Inventor, United 
States Patent 4,383,914, May 17, 1983, "Dilution Centrifuging of Bitumen Froth from the Hot Water Process for Tar 
Sand." In the known operation wherein naphtha-diluted bitumen froth is pumped from a scroll-type centrifugal 
separator to a disc-type centrifugal separator, an improved pumping system is provided. The system comprises at 
least two centrifugal pumps in series, each operating preferably at an impellor tip speed less than 4,000 feet per 
minute. The invention is based on the discovery that dilution with naphtha greatly increases the emulsification 
tendency of the froth components therefore it is necessary to reduce shearing of this stream to keep the solids and 
water content of the disc product within a desirable limit. This is achieved by using staged pumping and operating 
the pumps at a relatively low tip speed. 

Usman Ahmed, Lawrence B. Owen, John F. Schatz - Inventors, United States patent 4,384,613, May 24, 1983, 
"Method of In Situ Retorting of Carbonaceous Material for Recovery of Organic Liquids and Gases." The method of 
the present invention involves a two-phase process for in situ retorting and recovery of carbonaceous material 
contained within typical subterranean tar sand formations, and includes formation of conventional arrays of in-seam 
ducts, and positioning heating devices to heat a section of the formation over a large extent thereof. The operation 
of the heating devices in the first phase is controlled to provide heat into the formation without burning of the 
carbonaceous material therein, resulting in development of a quasi-stable zone of pyrolysis about the heating duct, 
to thermally crack the carbonaceous material producing various organic liquid oil fractions and derived condensible 
vapors and non-condensible gases. The products produced thereby are then withdrawn through a suitable array of 
collection wells. In the second phase of the process a residual coke layer that will have formed as a result of the 
pyrolysis of the carbonaceous material is burned by introducing a combuston-supporting gas, such as air or oxygen, 
into the hot sand-coke blanket preferrably via the line source heating ducts spontaneously igniting the coke to 
produce a temperature elevation in the zone of pyrolysis to both crack the proximate carbonaceous material and to 
burn away the coke layer from around the shut-in collection wells freeing them to continue withdrawal of the 
products of the cracking process. After combustion of the basal sand-coke blanket air flow to the tar sand 
formation will be terminated and the heater operation restored, repeating the process. 
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PROJECT ACTIVITIES 

Projects That Received	 Projects Advanced Third solicitation Projects 
Letters 01 Intent	 Into Phase Ii Dropped From Consideration 

First Colony'	 Dowsyn Betuga 
Cool Water'	 Memphis Monica 

Northern Peat MAPCO 
Keystone Grace-Raskttt 
World Energy Ohio I 
North Alabama CAN-DO 

Purged Carbons 
Tennessee synfueis Associates 
National synfuels 
Thunderbird II 
KIL.nGAD 
Iron City 
New England Energy Park 
Scrubgrass 

- Brecklnridge 
Hampshire 

Denotes projects submitted under the second solicitation; all other projects 
were submitted or transferred under the third solicitation

STATUS OF COAL PROJECTS 
THAT APPLIED TO THE SFC 

No coal-based projects from the first solicitation re-
main under consideration by the United States Synthe-
tic Fuels Corporation (SFC). From the second solicita-
tion two projects, First Colony and Cool Water, 
received letters of intent from the SEC on Decem-
ber 13, 1982, and April 13, 1983, respectively. On June 
30, 1983 the SEC announced its first award to a 
commercial project, Cool Water. The final agreement 
between the SEC and the project sponsors is expected 
to include essentially all terms of the letter of intent. 
The Cool Water letter of intent is summarized in the 
Government portion of the Coal section in this issue. A 
third project, North Alabama, was moved from the 
second to the third solicitation at the April 13 SEC 
Board meeting. 

Of the 21 projects that utilize coal or peat submitted 
under the third solicitation, five have advanced into 
Phase 11 negotiations with the SEC. These projects are 
Dowsyn (advanced on March 24), Memphis (advanced on 
April 13), Northern Peat, Keystone, and World Energy 
(all advanced on May 26). Additionally, the North 
Alabama project that was transferred from the second 
solicitation was also advanced into Phase II on May 26. 
Six projects were dropped from consideration at the 
May 26 Board meeting. These projects are KILnGAS, 
New England Energy Park, Scrubgrass, Breckinridge, 
Hampshire, and Iron City (withdrawn). Ten coal-based 
projects had been dropped or withdrawn at previous 
Board meetings. 

Therefore, including the two projects that have receiv-
ed letters of intent, the SEC is actively considering 
eight coal- or peat-based projects. These projects and 
the 16 projects from the third solicitation that have 
been dropped are listed in Table 1. The status of all 
projects submitted under all solicitations is depicted 
graphically in Figure 1 of the article entitled "SEC 

TABLE 

STATUS OF COAL PROJECTS 
THAT APPLIED TO THE SPC

Advances Eight Projects, Transfers Two, and Drops 
Eight Others." This article, which appears in the 
General section of this issue, also contains brief de-
scriptions of the eight coal-or peat-based projects that 
have not been dropped by the SEC. 

NOKOTA REPORTS FAVORABLE ECONOMICS 

The Nokota Company has reported favorable results of 
a detailed feasibility study of the Dunn-Nokota Metha-
nol Project to the Department of Energy (DOE). A 
letter from the president of Nokota to the DOE's Mor-
gantown Energy Technology Center in February con-
cludes that "the project will generate a favorable rate 
of return on total equity and on total investment at a 
methanol selling price for chemical grade product of 
54 cents per gallon" delivered at Chicago, Illinois or 
Bellingham, Washington. The letter adds that "the 
report strongly supports the conclusion that the project 
is economically and financially viable." 

Project Synopsis 

The Dunn-Nokota project is a proposed mine-mouth 
complex designed to produce methanol from lignite 
reserves owned by Nokota in Dunn County, North 
Dakota. The Fluor-designed facility would eventually 
produce nearly 87,000 barrels per stream day of metha-
nol. The project would be constructed in two phases. 
Construction on Phase I would commence in 1985 with 
the operation to achieve full capacity in 1989. Phase II 
would be built starting in 1988 with full capacity 
operation by 1991. 

The plant design calls for a Lurgi gasification process 
followed by gas cooling, Rectisol gas purification, and 
methanol synthesis and purification. Nokota is also 
considering a Mobil-MTG unit down-stream for gasoline 
production and coproduction of methanol and SNO. The 
decisions regarding these units will be based on market 
analysis of the respective products. The project will 
also generate by-product carbon dioxide which poten-
tially can be marketed to enhanced oil recovery opera-
tions in the Williston Basin. 

Table 1 summarizes the planned capacity of the com-
pleted facilities (excluding the gasoline and SNG op-
tions). The total cost (1981 dollars) of the completed 
operation is estimated to be $3.17 billion ($2.8 billion 
for the coal-to-methanol plant, $310 million for the 
mining operations, and $60 million for pipeline inter-
connections). Gross revenues are estimated by Nokota 
at $1.0 billion annually.

- 
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Short Tons! Barrels! 
Stream Day Stream Day 

Methanol, Chemical Grade 12,115 86940 
Gasoline Blend Stock 366 2,540 

(Naphtha) 
Carbon Dioxide 19,249 338* 
Phenols 122 660 
Creosote 624 3,540 
Ammonia 167 
Sulfur 230

Nokota reported to the DOE (which provided a $4 mil-
lion rant for the feasibility study) that the company 
intends to proceed with the project subject to permit 
approvals and "reasonable energy economic conditions." 
Key points cited by Nokota in the report include the 
following:

TABLE 1 

PRODUCT AND BY-PRODUCT SLATE
FOR DUNN-NOKOTA PROJECT 

*Million Standard Cubic Feet/Day 

Results of Feasibility Study 

• The project is well along in the engineer-
ing, permitting, and other phases. An air 
pollution control permit to construct has 
been issued by North Dakota, and other 
permit and regulatory studies (environ-
mental impact statement, water sup-
plies, etc.), are well underway. 

• Because of already existing pipeline cor-
ridors and rights-of-way plus nearby rail 
facilities, the facility will have access to 
most United States markets as well as 
export markets without requiring a 
costly product distribution network. 

• The project will produce substantial 
quantities of carbon dioxide which 
Nokota believes can be marketed at a 
favorable price in the Williston Basin for 
enhanced oil recovery. However, the 
project economies reportedly remain 
favorable regardless of whether this car-
bon dioxide is compressed and sold. 

• Nokota reports that the project is sup-
ported by market demand for methanol 
as an alternative automotive fuel and by 
economies which favor coal-based 
methanol over natural gas and residual 
fuel oil derived product. 

• Nokota has not filed for United States 
Synthetic Fuels Corporation assistance, 
but the option is being considered. 
Nokota reports that because the project 
appears strong economically, Synthetic 
Fuels Corporation support would be 
needed mainly to protect against crude

oil price instability, especially in the 
short term as prices have fallen. 

Nokota reported that it has compared its project costs 
with those for the Great Plains Gasification Project 
nearby at Beulah, North Dakota. Nokota stated that 
the Great Plains project "is expected to provide a 
further basis for confidence within the financial com-
munity that Nokota's ... project ... will yield attractive 
financial returns." However, a recent report to the 
DOE by project sponsors suggests that the Great Plains 
project may not be economically attractive. Recent 
drops inoil and gas prices are the basis for these doubts 
and will undoubtedly affect Nokota's project economics 
just as they have affected those for Great Plains. 
Nokota has reportedly been waiting for oil prices to 
bottom out and stabilize before making a final decision 
to request SFC aid. 

AECI REPORTS STATUS OF COAL-BASED 
TECHNOLOGY FOR CHEMICAL MANUFACTURE 

In two papers presented at the International Coal 
Conversion Conference in Pretoria in August 1982, 
AECI, Ltd. reported on recent experience in commer-
cial scale manufacturing of coal-derived chemicals. 
The papers also addressed new developments in techno-
logy and product applications. The papers included 
"Methanol - A Proven Process for Selective Liquefac-
tion of High Ash Coal" by C. B. Schlesinger and L. J. 
Partridge and "Conversion of Coal to PVC by the 
Coalplex Route" by A. G. Bull. 

Background 

Faced with international trade sanctions and other 
foreign affairs problems and having no proven reserves 
of oil or natural gas, South Africa has turned to its 
substantial coal reserves for energy and chemical feed-
stocks. Whereas the United States has had the luxury 
of relatively secure oil and gas supplies and has taken a 
slower developmental approach to synthetic fuels tech-
nology, South Africa has of necessity developed com-
mercial scale operations using the best available proven 
technology. Operating these full-scale plants has natu-
rally resulted in valuable experience and process im-
provements. Increased focus on end-use products (e.g., 
synthetic transportation fuels) and development work 
on new technology have also been strongly emphasized. 

Methanol Manufacturing and 
Applications 

DescrjptionOfAEciOyerations 

At the Modderfontein plant near Johannesburg, AECI 
has operated an ammonia/methanol unit employing IC! 
low pressure methanol technology since 1976. Figure 1 
shows a schematic process flow diagram. High ash, low 
sulfur, sub-bituminous coal is gasified at atmospheric 

-
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FIGURE 1 
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pressure and 1,600°C in six two-headed Koppers-Totzek 
gasifiers. Desulfurization is accomplished in a Linde 
Rectisol unit by means of a methanol wash. The 
synthesis gas is deficient in hydrogen, so steam is 
injected and part of the gas is fed to a shift converter 
operating at 50 bar. Another Rectisol unit removes 
carbon dioxide formed in the shift converter. Part of 
the gas is fed to a nitrogen wash unit which provides 
synthesis gas to a 1,000 ton per day ammonia plant 
while the remainder is fed to the 100 ton per thy 
methanol plant. Some CO2 rich gas from the shift 
converter is also fed to the methanol unit to control 
catalyst temperature. 

The methanol process is depicted in Figure 2. The 
methanol converter operates at about 35 bar (about 510 
psia) and 210 to 270°C. The catalyst employed is 
crystalline copper on zinc aluminate refractory. Con-
version is roughly 5 percent per pass. The final product 
is either aviation or chemical grade methanol with a 
reported purity of more than 99.8 percent with only 
traces of hydrocarbon by-products. 

AECI Experience 

Based on several years of operating experience, AECI 
reports the following observations concerning coal con-
version and methanol technology: 

• Initial plant operations were affected by 
loss of refractory lining in the gasifiers

which had not previously operated on 
South African coal. Development work 
of an unspecified nature resulted in 
greatly improved reliability for over five 
years. 

• Syngas produced in the high temperature 
gasifiers contains significant levels of 
carbonyl sulfide, a particularly difficult 
form of sulfur to remove in the Rectisol 
unit. The zinc oxide guard bed ahead of 
the methanol converter does not remove 
carbonyl sulfide effectively unless some 
water vapor is present in the gas. 

• Hydrogen cyanide is another methanol 
catalyst poison which is sometimes pre-
sent in the syngas and which must be 
removed. 

Iron carbonyl can form under certain 
conditions of temperature and pressure. 
This compound will also poison the cata-
lyst. Prevention of iron carbonyl forma-
tion is accomplished by avoiding carbon 
steel at key points and by descaling 
carbon steel pipe so that scale is not 
carried to locations supportive of forma-
tion. 

• Methanol catalyst life has typically been 
two to three years at Modderfontein. 
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FIGURE 2 
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Natural gas and naphtha based processes 
generally achieve similar catalyst life. 

AECI reports that a major advantage of the methanol-
from-coal approach versus the Fischer-Tropsch process 
is that the former process is more highly selective in 
both the gasifiers and methanol converter. Whereas the 
Fischer-Tropsch process yields a broad spectrum of 
hydrocarbons requiring relatively elaborate separation 
and upgrading, the AECI process yields a synthesis gas 
of carbon monoxide and hydrogen. The methanol con-
verter is also highly selective in converting reactants to 
methanol, which in turn requires a simple, relatively 
low-energy distillation process to produce a high purity 
product. 

Alternate Technology 

AEC1 has apparently evaluated ICI's Dual Cycle process 
for methanol based on references made in one of the 
papers, but no specific plans were cited. Figure 3 
illustrates this process for comparison. The primary 
feature is the manner in which the shift converter is 
integrated into the methanol process. Rather than 
utilize part of the synthesis gas stream from the 
gasifiers as in Figure 1, the ICI process uses part of the 
recycle stream from the converter. The normal purge 
stream can be fed to a hydrogen recovery unit (e.g., 
PSA) for additional hydrogen supply. The advantages 
claimed for this process include a decreased tempera-
ture rise in the shift converter so that heat removal or 
quenching are not required and reduced steam require-
ments since heat recovered from the synthesis loop is

available for shift c&nrter feed. Edernal energy 
requirements are reportedly 25 percent lower for the 
Dual Cycle process than for the conventional process. 

Methanol Applications 

Because of the advantages of methanol manufacture, 
AECI is obviously interested in methanol's penetration 
of markets now supplied by other.products. Two areas 
discussed in the presentation at the conference were 
transportation fuels and chemical feedstocks. 

AECI has tested its own vehicles using methanol as a 
transportation fuel. Two vehicles with Otto cycle 
engines were reported to have exceeded 100,000 km 
using neat methanol, and a fleet of unmodified standard 
production vehicles was reported to have travelled over 
600,000 km using a gasoline blend containing 15 percent 
methanol. Furthermore, AECI reports joint tests with a 
truck manufacturer using methanol with selected igni-
tion improvers in an essentially unmodified diesel en-
gine. (The only modification was to the fuel injection 
system to accommodate the higher volume required.) 
AECI reports excellent results after 14,000 km and 
believes that a diesel fuel substitute can achieve com-
mercially proven status by 1984. 

AECI obtained a license from Mobil in 1975 to develop 
a methanol-to-chemicals process to make light olefins 
and aromatics. AECI began pilot plant scale operations 
in 1982. Vaporized methanol is heated and passed over 
a Mobil zeolite catalyst. High selectivity is reported 
for C2-C4 olefins with some aromatics production as 
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FIGURE 3 
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well. Although it is too early to report conclusive 
results, AECI states that methanol cracking could be-
come a viable source of olefins for South Africa as 
early as the latter half of the 1980s. 

Coal-Based PVC 

General Description of Facilities 

AECI is a joint-venture partner with Sentrachem in a 
PVC manufacturing operation known as the Coalplex 
Project. Production capacity is summarized in Table 1. 
When the project was first planned, it was decided that 
the facility should be independent of im ported oil. 

Ethylene was not readily available, so a carbide-acety-
lene process based on coal was adopted. It was further 
decided that rapid start-up and reliable operations were 
imperative because of the sizeable investment needed. 
Conventional technology was therefore chosen with 
minimum innovation. This approach was claimed to be 
successful in achieving the goals of start-up on schedule 
and steady operation at high rates and stream factors. 

Five plants are involved in the PVC complex, as shown 
in Figure 4 and discussed below. The calcium carbide 
and acetylene units are of special interest since the 
design and operation of these units comprise the pri-
mary differences between coal-based and conventional 
technology. The concept of producing PVC via the 
carbide-acetylene route is not original (AECI has a 
similar smaller operation in Natal) but the venture is 
unique in size and in the production of carbide solely 
for PVC.

TABLE 1 

COALPLEX PROJECT PRODUCTION CAPACITY 
(Tons Per Year) 

PVC	 .	 100,000 
Caustic Soda	 200,000 
Lime Hydrate	 160,000 
Chlorine	 27,000 
Hydrochloric Acid	 4,800 

Figure 5 illustrates the total dependency of all aspects 
of the operation on coal. Coal supplies raw material 
and energy to all plants in the complex as well as 
generating steam and electricity purchased for the 
plant. 

The carbide plant utilizes two electric arc furnaces to 
react anthracite and calcium oxide. Product is with-
drawn in molten form, collected, cooled, and crushed 
before being sent to the acetylene plant. It is contact-
ed there with a lime-water slurry to yield acetylene gas 
which is scrubbed for removal of lime dust. The 
calcium hydroxide is sold as by-product, and the pro-
duct acetylene is acid washed and sent to the vinyl 
chloride plant. 

Vinyl chloride is produced by reaction of acetylene with 
hydrogen chloride gas generated by reacting hydrogen 
and chlorine from the chlorine plant. Five vinyl chlo-
ride reactors are used followed by conventional corn-
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FIGURE 4 

COALPLEX PVC PLANT FLOW SCHEME 

LIME	 ANTHRACITE ELECTRICITY WATER	 ELECTRICITY SALT 

DE  CARBIDE ACETYLENE 	 CHLORINE CHLORINE 
T PLANT	 PLAN1 CAUSTIC 

SODA 

jHYDRATE ACETYLENE 

VINYL 	 CHLORINE 
VINYL CHLORIDE ______________I CHLORIDET PLANT

HYDROGEN

W HYDROCHLORIC 
ACID

FIGURE 5

COAL UTILIZATION FOR THE COALPLEX PLANT 

DIRECT USE
AS RAW MATERIAL
97,000 TONS/YEAR 

GENERATION
NS/YR. 

ELECTRIC POWER 

H

COALPLEX PLANT 

328,000 TO 

CHAR 
MANUFACTURE 
8.000 TONS/YR. 

STEAM 
GENERATION 

120,000 TONS/YR. 

pression, liquefaction, and fractionation. 

Chlorine is produced in a brine electrolysis unit using 
diaphragm cell technology. Caustic soda and surplus 
chlorine are sold as by-products. 

PVC is produced by computer controlled polymeriza-
tion. The product PVC is centrifuged, dried, and sold in 
bulk or in bags.

Carbide Plant Experience 

The Coalpiex carbide plant employs two semi-closed 
furnaces for production of calcium carbide according to 
the reactions below: 

CaO+C = Ca+CO
Ca+2C = CaC2 
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Five Soderberg carbon electrodes are continuously con-
sumed in the reaction and are replenished with an 
electrode paste consisting of calcined anthracite and 
tar pitch. The semi-closed furnace requires more 
energy to remove off gases than does a closed furnace 
but provides access to the furnace bed. Energy require-
ments vary from 3.0 to 3.5 megawatt-hours (MWH) per 
ton of commercial grade calcium carbide for most 
carbide furnaces depending upon furnace conditions and 
raw material quality. AECI reports that the Coalplex 
furnaces at best achieve 3.2 to 3.3 MWH per ton due in 
large measure to impurities in the South African anthr-
acite. These impurities react to form refractory side 
products which consume power, build up in the furnace 
bed, and can even accumulate in the molten zones. The 
buildup of impurities disturbs current flow and can 
result in electrical energy losses to exhaust gases and 
as radiant heat. Up to 15 percent increases in power 
consumption above normal levels have been observed. 
Furthermore, non-uniform furnace conditions can af-
fect electrode placement to the extent that reductions 
are necessary in power supply and consequently in 
production rate. 

Rabbling machines are used to break up crusts, and 
periodic addition of excess lime was found to be effec-
tive in removing buildup of inaccessible material. The 
excess lime appears to react with localized carbide 
deposits and reduce viscosity of the deposits. 

The higher bed temperatures of the semi-closed fur-
naces tolerate the raw material impurities better than 
a closed furnace. Recycle of raw materials (e.g., 
hydrated lime from the acetylene plant) and use of wet 
anthracite within certain limits are also possible with 
this type furnace. 

Carbon monoxide venting must be unrestricted for 
personnel and equipment protection. To achieve mini-
mum porosity in the furnace bed, fine particles (below 7 
to 8 mm) are screened and fed down a hollow pipe in 
the center of each electrode directly into the reaction 
zone. 

Electrode quality is important in the carbide process 
since broken electrodes cause extended production 
losses. Thermal shock reportedly accounted for 95 
percent of all Coalplex electrode breaks. 

AECI reports that attempts to optimize manufacturing 
costs have been constrained by the inability to measure 
the effects of changes in the important variables (raw 
material quality, quantity of fines, lime recycle, total 
power load, lime to carbon ratio, tapping frequency for 
product withdrawal, electrode placement, etc.). The 
effects of changes are often masked by delays in 
withdrawing and measuring production, interactions 
among variables (e.g., tapping frequency affects total 
power demand), and long-term cycles in variables (e.g., 
raw material quality) which cannot be directly correlat-
ed due to non-controllable factors. 

Acetylene Plant Experience 

The primary concern in the acetylene plant is exclusion 
of air from the product gas for safety protection. Low

pressures for maximum stability and nitrogen purges for 
an inert environment characterize the operations. 

A major problem encountered in early operations per-
tained to acetylene polymer formation plugging the 
packing in the sulfuric acid spray towers. The problem 
arose from design scale-up which did not anticipate 
changes in radial temperature profiles and acid concen-
tration gradients in the larger towers. Modifications to 
tower internals and adjustments of acid and gas condi-
tions reportedly solved the problem of polymer forma-
tion. 

SUMMARY 

The two papers presented by AECI suggest that coal-
based methanol and PVC operations based on existing 
technology are quite feasible and are subject to techni-
cal problems no more unusual or difficult than found in 
conventional plants. Development of coal-based tech-
nology in other countries may be economically con-
strained where crude oil and natural gas are available. 
However, the South Africans have shown that when 
access to these sources is withdrawn and only coal 
resources are available (i.e., where there is sufficient 
incentive), technology can be rapidly developed to pro-
duce basic chemicals, intermediates, and finished 
chemical and fuel products from coal. 

TEXAS A & M REPORTS ON 
IN SITU LIGNITE GASIFICATION 

Texas A & M University has been conducting field 
studies of underground gasification of lignite since 
1977. At the AIChE 1983 Spring National Meeting on 
March 30, 1983, Ronald M. Brimhall presented the 
results of a field test conducted during the summer of 
1980. The paper, entitled "Utilizing Texas Lignite by In 
Situ Gasification: Report on Field Research,!! pre-
sented a description of the test, test results, and plans 
for future work. 

1980 Test Description 

The 1980 field test was conducted by the Texas A & M 
Petroleum Engineering Department at the 
Alcoa/Rockdale site in Milam County, Texas. In the 
test, eleven wells were arranged in a 60 feet by 60 feet 
square. A row of five ignition wells were oriented in 
the direction of minimum hydraulic conductivity. 
These wells were spaced 15 feet apart, and the 
remaining wells were spaced 30 feet apart as shown in 
Figure 1. The lignite that was gasified is designated as 
Unit 5 in the Calvert Bluff Formation of the Wilcox 
Group. 

The process wells consisted of 6.5 inch diameter pilot 
holes that were drilled ten feet into the lignite seam. 
These pilot holes were reamed to 7.5 inch diameter and 
5.5 OD casing strings were cemented in place. Environ-

- 
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FIGURE 1 
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mental monitoring wells were also constructed to ob-
serve the water levels in the lignite seam and in the 
aquifer and to obtain water samples. A radioactive 
extensometer well was drilled to measure possible rock 
movement. 

Construction for the field test began in late May and 
ignition began on August 25, 1980. The first link was 
attempted by forward gasificaton with air between 
wells P-il and P-12. This linkage was not successful 
due to air leakage into P-12 at the top of the seam. 
Therefore, wells P-il and P-13 were linked. Forward 
gasification was attempted by injecting 750 to 
1,600 cubic feet per minute of air into P-13. The test 
lasted approximately four hours during which the 
heating value of the product gas from well P-li was 
100 to 120 BTU per standard cubic feet. Well P-il was 
subsequently shut in and linkage between P-13 and P-14 
was started. Approximately 12 hours later the casing in 
P-il failed at a depth of 180 feet. Subsequent linking 
operations between the remaining wells in the ignition 
row were successful, but casing failures occurred after

each well was put on production and then shut in. 

The remaining operational wells were modified by in-
stalling 4 inch diameter liners in wells P-31, P-32, and 
P-33. Copper tubing and thermocouples were installed 
in wells P-22, P-23, P-24, P-31, P-32 and P-33 to 
monitor temperatures and to inject cooling water. 
Also, expansion joints were installed in the aboveground 
gas gathering piping. 

During subsequent linking of the remaining wells prob-
lems with ground-water intrusion and burn front ex-
tinction were experienced. The researchers believe 
much of the water entered the coal seam through the 
first row ofwells in which the casings had failed. 
Although all the linkage that were attempted were 
successful, a burn front was never reestablished. Heat-
ing value of product gas was only 40 to 80 BTU per 
standard cubic feet. The test was terminated on 
October 22, 1980. 
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Test Results 

The researchers conclude that the test results were 
disappointing because consistent heating value of the 
gas was not demonstrated. It is believed that water 
intrusion through the failed casings is responsible for 
the poor performance. 

A series of exploratory wells (shown in Figure 1) were 
drilled after the tests to delineate linkage and gasifica-
tion channels. Well logging tests including natural 
gamma-ray, density, single point resistivity, and caliper 
surveys were conducted. Logs of wells C80-2, C80-3, 
C80-6, and C80-7 indicate the existance of linkage or 
gasification channels near the top of the coal seam. An 
injectivity test was also conducted by pumping water 
into well C80-1 and monitoring the flows from P-23, 
P-31, P-21, P-33, P-22, and P-13 (in order). Water did 
not flow from wells P-14, P-iS, and P-32 during the 
injectivity test. The flow test and well logging data 
indicate that linkage did not occur in straight lines 
between the injection and production wells. 

The researchers believe that the tests provided infor-
mation about site parameters and equipment require-
ments. Resource recovery and process control are 
problems the researchers feel need further research. 
However, they also believe the field test demonstrated 
the technical viability of in situ gasification of Texas 
lignite. 

Plans 

Texas A & M plans to study six major problems: 

• low gas quality 
• the linking of process wells 
• process well life 
• resource recovery 
• data base management 
• environmental considerations. 

Specifically, research will concentrate on control of 
water influx, steam/oxygen injection, well linkage 
methods including directional drilling, resource 
recovery, and development of a useful data base 
management system.
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CORPORATIONS 

GRAND FORKS ETC IS TRANSFERRED 

At the end of February 1983, an agreement was signed 
to transfer the Grand Forks Energy Technology Center 
(GFETC) to the University of North Dakota. The 
center, located in Grand Forks, North Dakota, was the 
first of several federally operated facilities to be 
transferred from the United States Department of 
Energy (DOE). Pending congressional appropriations 
each year, DOE has tentatively agreed to provide 
approximately $20 million worth of research to GFETC 
over the next three years. The center will, for the first 
time, also be allowed to conduct research for sponsors 
other than the federal government. 

GFETC was established by Public Law 454 in 1948. The 
center's mission has been as the lead laboratory for 
United States low-rank coal. It was dedicated in 1951 
and was administered by the United States Bureau of 
Mines until 1975 when the United States Energy Re-
search and Development Administration (ERDA) took 
over responsibility. On October 1, 1977, GFETC be-
came part of the new Department of Energy. 

Quantities of low-rank coals occurring in the United 
States are estimated to exceed 1 trillion tons with 100 
billion tons of lignite and 108 billion tons of sub-bitu-
minous coal being classified as economically recover-
able reserves. Low-rank coals exhibit several proper-
ties that distinguish them from other coals including: 

1. A high moisture content and a corres-
ponding low heating value 

2. A low sulfur content 

3. A highly dispersed mineral matter 
(ash) rich in alkali metals, such as 
sodium, and alkali earth elements, 
such as calcium 

4. A cellular physical structure that re-
sists certain crushing operations, and 
yet degrades during handling or stor-
age due to loss of moisture and sur-
face oxidation 

5. A lack of swelling or caking behavior 
upon heating 

6. A high chemical reactivity in a variety 
of reaction systems. 

Hence, GFETC is involved in studies that specifically 
address combustion, environmental control, prepara-
tion, gasification, liquefaction, and characterization of 
low-rank coals. A summary of the GFETC budget for 
fiscal years 1981 and 1982 is shown in Table 1. Syn-
thetic fuels studies primarily involve operation of a 
fixed-bed slagging gasifier, gasification environmental 
controls, evaluations, and bench scale liquefaction 
tests.

The pilot scale unit at GFETC is the only slágging 
fixed-bed gasifier operating in the United States. It has 
a nominal throughput of 24 tons per day. Continuous 
test runs lasting five days have been demonstrated. 
The gasifier will be maintained in standby status for 
most of 1983 and will be operated only to produce large 
samples of gasification wastewater for testing. 

The gasification environmental studies at GFETC have 
focused on wastewater treatment prior to reuse and on 
disposal requirements for gasifier slag and waste treat-
ment sludges. A wastewater treatment pilot plant has 
been assembled to provide an Integrated treat-
ment/cooling tower simulation capable of processing 
one gallon per minute. The units include tar/oil/Water 
separation, solvent extraction, free and fixed-leg am-
monia stripping, and an aerated activated sludge unit to 
prepare wastewater by commercially available tech-
nologies for comparative tests in the cooling tower that 
will be operated to simulate a commercial plant such as 
the system to be used at the Great Plains facility. 

The objectives of the direct liquefaction studies include 
developing data needed to adapt direct liquefaction 
processes to low-rank coals, to quantify the effects of 
disposable catalysts, to determine reaction mechanisms 
and develop a kinetic model. Facilities at GFETC 
include a 5 pound per hour continuous processing unit, a 
batch reactor that can be charged hot and sampled 
during testing, and sophisticated analytical equipment. 
The University of North Dakota also has both hot- and 
cold-charged batch reactors andlaboratory facilities. 
Major efforts during 1983 will be directed toward 
understanding sulfur chemistry (primarily 112S),. study-
ing other catalysts, and developing data to develop a 
kinetic model of low-rank coal liquefaction. 

4-10	 SYNTHETIC FUELS REPORT, JUNE 1983



TABLE 1
GFETC BUDGETS FOR FISCAL YEARS 1981 AND 1982

(Thousand Dollars) 

FY 1981 FY 1982 

Coal Combustion 
Ash Fouling and Fundamental Combustion Studies 405 370 
Atmospheric Fluidized-Bed Combustion 837 929 

Environmental Control Technology 

Sulfur and Nitrogen Oxides Emissions 1,381 200 
Particulate, Trace Organics, and Trace Element Emissions 1,105 450 
Solid Wastes and Sludges 350 400 

Coal Preparation 

Ion Exchange and Steam Drying Technology 207 100 

Coal Gasification 

Slagging Fixed-Bed Gasification 3,043 2,150 
Gasification Environmental Studies 353 1,972 

Coal Liquefaction 

Direct Liquefaction of Low-Rank Coals 1,569 1,000 

Peat Characterization and Utilization 2,197 20 

Great Plains Gasification Project Monitoring - 390 

Basic Coal Science - 30 

Facilities Development 

Capital Equipment 491 388 
Construction 487 374 

Total 12,425 8,773
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GOVERNMENT 

SFC MAKES AWARD TO COOL WATER 

On June 30, 1983 the Board of Directors of the United 
States Synthetic Fuels Corporation (SFC) initiated its 
first award of financial assistance to a synfuels project 
by announcing that it intends to award price guarantees 
up to $120 million to the Cool Water project in Dag-
gett, California. Previously, the SEC signed a letter of 
intent with the sponsors on April 13, 1983. Currently, 
the project sponsors include Texaco Inc., Southern Cali-
fornia Edison Company (SCE), Electric Power Research 
Institute (EPRI), Bechtel Power Corporation, General 
Electric Company, and the Japan Cool Water Program 
Partnership. The SFC is expected to pass on the final 
agreement, which will likely contain most of the terms 
in the letter of intent, at the next Board meeting in 
July 1983. The letter of intent and term sheet are 
presented in their entirety in the Appendix beginning on 
page 5-1 of this issue. The following Information 
highlights the most significant aspects of the letter of 
intent. 

The Cool Water project, as described on page 4-1 of the 
September 1982 PaceSynthetic Fuels Report, consists 
of a 1,000 tpd Texaco coal gasifier integrated with a 
100 MW combined-cycle electrical power generation 
unit. Provisions have also been included in the project 
to fuel a conventional boiler at the Cool Water site. 

The project is divided into two phases, with Stage I 
scheduled to last approximately five years (June 1, 1984 
to October 31, 1989). At the end of Stage I, SCE is to 
purchase the facility and operate it for at least 15 
years (Stage II). The SFC price guarantees are only for 
Stage I. The maximum amount of the price guarantee 
payments is $120 million for a maximum amount of 20 
trillion BTUs of synthesis gas. Two base prices defined 
in the term sheet are as follows: 

Cumulative 
Product Estimated 
Output Guaranteed Base Price Time Period 

(BTU x 10) ($1983; second quarter) 
($/mmBTU) 

0 - 9000 12.5 6/84-12/86 
9001 - 20000 9.75 1/87-5/89

These base prices will be adjusted quarterly based on 
the GNP deflator or other appropriate indices agreed 
upon by the SFC and the project sponsors. 

The term sheet defines the market price for the pro-
duct gas as the avoided cost value of electricity pro-
duced from the gas in accordance with the applicable 
rates of the California Public Utilities Commission. 
The SFC will pay monthly to the project sponsors the 
amount by which the guaranteed price exceeds the 
market price. In the term sheet, net program revenues 
are defined as the SFC price guarantee payments plus 
any payments by SCE to the project minus operation 
and maintenance expenses (including coal and oxygen,

but excluding loan debt payments). If these revenues 
are positive, they will be accumulated in an escrow 
account referred to as the Program Balancing Account. 
The SEC will suspend price support payments when this 
account exceeds $25 million. 

The term sheet requires that SCE obtain necessary 
permits for Stage II operations and operate the facility 
for at least 15 years. In addition, the SEC requires the 
project participants to off èr on reasonable commercial 
terms licenses to third parties to use proprietary tech-
nology from the project. The term sheet also allows 
the participants to test various coals at the plant. 

The letter of intent is meant to be a statement of 
"mutual understanding and intentions" between the SFC 
and the Cool Water sponsors. It does not create a 
binding obligation on any person or group. However, 
the definitive agreement is expected to incorporate 
the terms and conditions specified in the letter of 
intent. 

SEC TARGETED COAL SOLICITATIONS 
MOVE FORWARD 

Two targeted solicitations proposed by the United 
States Synthetic Fuels Corporation (SFC) for coal pro-
jects made significant progress in recent months. On 
April 25, 1983 the SEC formally issued a targeted 
solicitation for Gulf Province lignite gasification pro-
jects. Also, a second targeted coal solicitation was 
approved by the SEC Board of Directors on June 30, 
1983. This solicitation is for coal gasification projects 
utilizing bituminous coal in the Eastern Province and 
the Eastern region of the Interior Province. 
Additionally, drafts of three other targeted coal 
gasification solicitations were released by the SFC. 
The drafts proposed targeted solicitations for 
gasification projects utilizing western sub-bituminous 
coal, Eastern Province bituminous coal, and bituminous 
coal in the eastern region of the Interior Province. 
(The targeted solicitation approved by the SFC Board 
on June 30 encompasses these last two proposed 
solicitations.) 

Gulf Province Lignite Solicitation 

The targeted solicitation for Gulf Province lignite was 
issued by the SFC on April 25, 1983. The solicitation is 
reproduced in the appendix of this issue of the Pace 
Synthetic Fuels Report. Terms and conditions ofiH 
targeted solicitation are briefly summarized in the 
following information.

-

- 
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The targeted solicitation requires that projects re-
sponding to the solicitation meet certain specifications. 
These specifications are summarized in Table 1. 

TABLE 1 

SPECIFICATIONS OF PROJECTS APPLYING 
UNDER THE SEC'S TARGETED 

GULF COAST LIGNITE SOLICITATION 

Resource—Lignite from the Gulf Province as defined 
on the United States Geological Survey Map #G80124, 
which includes all or part of Alabama, Arkansas, Louis-
iana, Mississippi, and Texas. 
Technology—Any integrated process or processes that 
include the initial total or partial gasification of the 
coal, followed by the appropriate steps required to 
convert the raw gas to Synthetic Fuel Product. The 
technology must be made available for replication on 
reasonable commercial terms. 
Project Scale—Minimum 10,000 barrels COE per 
stream day nominal design capacity on the basis of 
higher heating value. Planned operation will be for a 
minimum 300 days per year for 20 years. 
Synthetic Fuel Product—Any of the following products: 
medium-BTU gas, high-BTU gas, and methanol. 
Project Schedule—Planned Start of Operations before 
1991. 

The Gulf Province lignite solicitation will utilize a two-
step approach. Project sponsors must first submit a 
Qualification Proposal to demonstrate that the project 
meets the required specifications. The SFC will then 
determine which projects are qualified bidden and 
these bidders then must submit a Technical Proposal 
and a Competitive Bid. The low bidder(s) will then be 
selected as the winner(s). Table 2 summarizes the 
schedule for the Gulf Provice lignite solicitation. 

TABLE 2 

PROPOSED SCHEDULE FOR THE SEC'S TARGETED 
SOLICITATION FOR GULF COAST LIGNITE

Submission of Qualification Proposals 	 July 25, 1983 
Identification of Qualified Bidders August 25, 1983 
Submission of Technical Proposals October 25, 1983 

and Competitive Bids 
Selection of Winning Bidder(s) November 22, 1983 
Negotiation of Financial Assis- February 24, 1984 

tance Agreement 
SFC Approval of Agreement April 25, 1984

Three types of assistance are provided for in the 
targeted solicitation. Project sponsors can request a 
standard loan guarantee, standard price guarantee, or a 
standard convertible combination. The winning bid-
der(s) will be the project(s) submitting the lowest 
competitive parameter defined as: "An amount in dol-
lars equal to the maximum Corporation liability for the 
standard price guarantee and standard loan guarantee 
and equal to 1.05 times the maximum Corporation 
liability for the standard convertible combination." The 
maximum amount of the competitive parameter 
allowed by the SFC is $1.6 billion. 

With a price guarantee, the SFC pays the difference 
between the price that was bid by the sponsors of a 
project and the market price. For medium-BTU gas, 
the market price is defined as 60 percent of the aver-
age price paid by domestic refineries for crude oil 
(refinery acquisition cost). Similarly, the market price 
for high-BTU gas is 70 percent of the refinery acquisi-
tion cost and the market price for methanol is 165 per-
cent of the refinery acquisition cost. Allowable bid 
prices for products are summarized in Table 3. 

These bid prices will be adjusted monthly for inflation 
by the Producer Price Index. Price guarantees under 
the Gulf Province lignite solicitation allow the price 
differential to be paid on the first 30 million barrels of 
crude oil equivalent (COE). The payments will be made 
in six equal increments of 5 million barrels COB each. 
The product must be sold before January 1, 1999. 

TABLE •3 

ALLOWABLE BID PRICES FOR PRODUCTS 
UNDER THE SEC'S TARGETED SOLICITATION

FOR GULF COAST LIGNITE
(June 1983 Dollars Per Barrel COE) 

Synthetic	 Minimum	 Average Maximum 
Fuel Product	 Bid Price	 Bid Price Bid Price 

Gas:
Medium-BTU	 18	 58	 78 
High-BTU	 21	 67	 90 

Methanol	 54	 90	 122 

Eastern Provinee/Eastn Region of 
Interior Province Bituminous Coal 
Solicitation 

The targeted solicitation for coal gasification projects 
utilizing bituminous coal in the Eastern Province and 
the eastern region of the Interior Province is nearly 
identical to the Gulf Province lignite solicitation. The 
primary differences involve the type and location of the 
resource and the timetable for the solicitation. This 
second targeted coal solicitation requires that a project 
utilize bituminous coal in Pennsylvania, Alabama, West 
Virginia, Tennessee, Virginia, Kentucky, Ohio, Indiana, 
or Illinois. The timetable for the second coal solicits-
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tion is summarized in Table 4. An amendment to the 
solicitation was approved by the SFC Board at the 
June 30, 1983 meeting that will require sponsors to 
submit financial data with the Qualification Proposal 
documenting their ability to finance their project. Pre-
viously such data was to be submitted with the Techni-
cal Proposal several months later. The SFC Advisory 
Committee must approve the amendment before it is 
incorporated into the solicitation. 

As with the first targeted coal solicitation, this solici-
tation requires that a project produce a minimum of 
10,000 barrels COE per stream day for a minimum of 
300 days per year for 20 years and requires that 
projects produce medium-BTU gas, high-BTU gas, 
and/or methanol. Unlike the Gulf Province lignite 
solicitation, this solicitation also provides for the 
production of gasoline. The maximum amount of the 
competitive parameter for this Eastern bituminous coal 
solicitation is $1.9 billion (versus $1.6 billion for the 
Gulf Province lignite solicitation). 

For price guarantee requests, the market prices for 
medium-BTU gas, high-BTU gas, and methanol are 
defined as 60, 70, and 165 percent of the refiners 
acquisition cost, respectively (the same as for the Gulf 
Province lignite solicitation). The market price for 
gasoline is defined as the national weighted average of 
the wholesale price of average motor grade gasoline. 
The bid prices allowed in the Eastern bituminous coal 
solicitation are the same as in the Gulf Province lignite 
solicitation defined in Table 3, except that they are 
expressed in November 1983 dollars. Additionally, the 
allowable bid price for gasoline is defined as follows: 

Dollars Per 
COE Barrel 

Minimum Bid Price	 40 

Maximum Average Bid Price 	 82 
Maximum Bid Price 	 110 

Only product sold before July 1, 1999 will be eligible 
for the price guarantee. 

Limitations on technology, amounts of elgible products, 
product increments, project schedule, and adjustment 
for inflation are the same as those summarized pre-
viously for the Gulf Province lignite solicitation. 

Western Sub-Bituminous Coal 
Gasification Solicitation 

A draft of a solicitation has also been prepared for 
projects utilizing sub-bituminous coal in the Northern 
Great Plains Province, Mountain Province, and Pacific 
Coast Province as defined on United States Geological 
Survey Map #4378568. These areas include the Powder 
River Basin, Colorado, Utah, New Mexico, Wyoming, 
Alaska, etc. Except that it specifies a different 
resource, the draft essentially duplicates the Eastern 
bituminous coal solicitation and will, therefore, not be 
explained further in this issue.

TABLE 4 

PROPOSED SCHEDULE FOR THE SFC'S TARGETED 
SOLICITATION FOR BITUMINOUS COAL PROJECTS 

IN THE EASTERN PROVINCE AND THE 
EASTERN REGION OF THE INTERIOR PROVINCE 

Formal Issuance of the Solicitation June 30, 1983 
Definition of Standard Terms and August 18, 1983 

Conditions 
Submission of Qualification December 1, 1983 

Proposals 
Identification of Qualified Bidders January 6, 1984 
Submission of Technical Proposals March 6, 1984 

and Competitive Bids 
Selection of Winning Bidder(s) April 6, 1984 
Negotiation of Financial Assis- June 29, 1984 

tance Agreement 
SFC Approval of Agreement August 31, 1984

NORTH CAROLINA PEAT POLICY 

A report, "Peat Mining and Natural Resources," de-
scribes the state of North Carolina's policy toward peat 
mining. The report, published in January 1983, was 
prepared by the North Carolina Department of Natural 
Resources and Community Development Peat Mining 
Task Force. 

Potential exploitable peatlands cover over 500,000 
acres in North Carolina. Mining permits have been 
issued for just over 26,000 acres for peat mining. Inter-
est in peat mining led the North Carolina Department 
of Resources and Community Development (DNRCD) to 
create a peat mining task force in December 1980. The 
task force was to review peat mining, its impacts on 
North Carolina's natural resources, and the ability of 
the state's peat management program to deal with the 
impacts. The task force recognized that most of the 
state's peat resources were located in environmentally 
sensitive areas. The task force therefore paid careful 
attention to the potential impact of peat mining on: 
coastal waters, air quality, wildlife and fisheries, and 
on parks and natural (recreation) areas. 

The report prepared by the DNRCD Peat Mining Task 
Force concludes that provisions in the state's Mining 
Act of 1971 are broad enough to include peat mining 
when applied with requirements for water discharge, 
water use, and air quality permits. The state's policy is 
therefore to permit peat mining, under carefully man-
aged guidelines. The task force recommends that no 
mining permits be issued for: 

• Stream valley peat deposits 
• State parks and gamelands 

Peat deposits which extend below sea 
level. 

4-14	 SYNTHETIC FUELS REPORT, JUNE 1983 



The task force recommends that when peat mining 
permits are issued they should stipulate monitoring to 
obtain information on the impact of peat mining. 

In February 1983, the DNRCt) Feat Mining Task Force 
put the recommended peat policy to work by requiring 
Feat Methanol Associates to obtain a wastewater dis-
charge permit. Peat Methanol Associates has requested 
aid from the United States Synthetic Fuels Corporation 
(SFC) for its proposed 4,700 barrels per day peat-to-
methanol project to be located in North Carolina.
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TABLE 1 

IRA COAL LIQUEFACTION 
REVIEW ADVISORY BOARD 

Chairman 
Dr. S. W. Gouse 
The MITRE Corporation 
United States 

Members 
Mr. N. Elam 
ATRAX Energi AS 
Sweden 

Dr. Ing. C. Balks 
Lurgi Kohle and Minerol-

technik GmbH 
Germany 

Mr. H. Hagiwara 
New Energy Development 

Corporation 
Japan 

Mr. J. S. Harrison 
National Coal Board 
United Kingdom 

Professor Y. Kamiya 
University of Tokyo 
Japan 

Dr. J. Langhoff 
Ruhrkohle Oel und 

Gas GmbH 
Germany 

Dr. I. Leibson 
Bechtel Group, Inc. 
United States 

Observer 

Mr. A. Baker 
LEA Coal Research 
United Kingdom

Professor S. S. Penner 
University of California 
United States 

Dr. D. A. Reeve 
Department of Energy, 

Mines and Resources 
Canada 

Mr. E. H. Reichl 
United States 

Dr. H. D. Schilling 
Bergbau-Forschung GmbH 
Germany 

Professor H. Schulz 
Universitat Karlsruhe 
Germany 

Dr. L. B. Swabb 
Exxon Research and 

Engineering Company 
United States 

Ir. K. Swart 
Shell International Pet-

roleum Mij, B.V. 

lEA Secretariat 

Mr. N. S. Jennings 
Dr. W. Smit 

ENERGY POLICY & FORECASTS 

lEA EVALUATES COAL LIQUEFACTION 

The International Energy Agency (lEA) recently pub-
lished the results of a study in a report entitled "Coal 
Liquefaction—A Technology Review." The report is an 
assessment of the present status of coal liquefaction 
technology. Policy, economic, technical, and insti-
tutional issues that need to be overcome are identified. 
Also, government and industry actions are recom-
mended to ensure that coal liquefaction will be com-
mercially available when needed. 

The lEA is an autonomous organization established in 
1974 within the framework of the Organization for 
Economic Cooperation and Development (OECD) to 
implement an international energy program. lEA mem-
ber countries are: Australia, Austria, Belgium, Canada, 
Denmark, Germany, Greece, Ireland, Italy, Japan, 
Luxemburg, Netherlands, New Zealand, Norway, Portu-
gal, Spain, Sweden, Switzerland, Turkey, the United 
Kingdom, and the United States. 

The report was prepared by members of the lEA Secre-
tariat with guidance and review by an advisory board 
composed of international experts in the field of coal 
liquefaction. Members of this review board are listed 
in Table 1. 

Need for Coal Liquefaction 

The report first addresses the need for continued coal 
liquefaction research and development. The study 
concludes that the abundant availability of conventional 
crude and its stable price will definitely come to an 
end; only the timing is unknown. lEA concludes that a 
significant coal liquefaction capability will be required 
by early next century. To achieve this goal, they 
believe positive action will be needed for the next 15 to 
20 years. However, due to the short-term perception 
that conventional energy supplies are now readily avail-
able, the push to develop alternative fuels is presently 
easing. This, the lEA concludes, is "unfortunate" be-
cause strategic reasons still remain for the develop-
ment of new technologies for the production of liquid 
fuels. Coal liquefaction is believed to be a technology 
that can produce a secure, steady source of liquid fuels 
for long periods at stable, known costs without the 
uncertainties associated with importing petroleum. It 
is not a technology that can be quickly implemented in 
response to an oil shock.

lEA believes governments will need to provide substan-
tial support for coal liquefaction because commercial 
development is not attractive for industry alone. Con-
struction of pioneer commercial coal liquefaction 
plants must presently be based on strategic considera-
tions. The study concludes that governments, not 
industry, must take lead responsibility in guaranteeing 
that these strategic benefits are achieved. lEA be-
lieves that in a free market, coal liquefaction will 
eventually establish a position, but without government 
support it will not be able to fulfill its full potential 
when it is needed.

Economies 

lEA forecasts that crude oil will be available in 2000 at 
$45 per barrel and that, based on the assumptions in 
Table 2, coal liquids will cost $79 per barrel (both 
expressed in 1982 United States dollars). Of the $79 
per barrel cost for coal liquids, $10 is for fuel, $19 is 
for non-fuel cots, and $50 is for capital charges and 
taxes. 

-
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TABLE 2 
TEA ESTIMATED COSTS FOR A 50,000 BPD 

COAL LIQUEFACTION PLANT 

Capital Cost:	 $6 billion 
Fuel Cost:	 $1 per GJ ($28 per ton at 

12,000 BTU/Lb; $18.50 per 
ton at 8,000 BTU/Lb) 

Required Rate of Return: 10% after tax 
Tax Rate: 50% on profits after 

charging depreciation and 
interest 

Debt: Equity	 50:50 
Efficiency of Conversion: 55% 
Operation and Maintenance: 5% per year of capital cost 
Operational Availability:	 85% of capacity, average 

per year 
Plant Life:	 20 years 

Product Cost (Average)	 $79 per barrel 

Based on a parametric study shown in Table 3, lEA 
forecasts that costs for products from a commercial 
coal liquefaction plant will range from $60 to $100 
(1982 United States dollars). Therefore, lEA concludes 
that due to the instability of the oil market, the costs 
of coal liquids might, in some circumstances, "hold 
their own" with crude oil. Additionally, the study 
points out that the costs of coal liquids are somewhat 
cushioned against inflation because the production costs 
are dominated by fixed capital charges. Moreover, a 
coal-derived syncrude is estimated to be worth approxi-
mately 10 percent more to a refiner because it is partly 
processed and yields a higher fraction of distillates than 
crude oil.

TABLE 3 

IRA PARAMETRIC STUDY OF 
COAL LIQUEFACTION COSTS 

Resulting 
Change in 

Change from Base Case Liquid Cost 
($/Barrel) 

1.	 Rate of return on equity 1-8 
increased to 15% (interest 
rate remains at 10%) 

2.	 Debt:Equity = 0:100 (Rate of +17 
Return = 10%) 

3.	 Investment tax credit of 10% -4 
4.	 Tax rate reduced to 25% -3 
5.	 Rate of return 5%, tax rate -19 

zero (e.g., government project) 
6.	 Plant cost reduced to $5 billion -11 
7.	 Coal price increased by 50% +5

= increase/decrease

The lEA study also points out that many external costs 
of importing petroleum should be taken into account. 
The true cost of importing oil varies for different 
countries. However, lEA concludes imported oil costs 
substantially more than the quoted price when the 
effects of employment, balance of trade, inflation, and 
national security are taken into account. 

Coal Liquefaction Technology 

The lEA report briefly describes the various types of 
coal liquefaction processes (one-stage and two-stage 
direct liquefaction and indirect liquefaction), the 
history of coal liquefaction, and the current status of 
pilot plants and proposed commercial plants. In their 
assessment, lEA lists advantages and disadvantages of 
direct and indirect liquefaction as follows: 

Indirect	 Direct 

Advantages 

• Ability to produce a • Higher thermal efficiency 
wide variety of pro- than indirect processes 
ducts selectively S Variable output of high 

• Already technically octane gasoline and/or 
proven for gasoline middle distillates 
production on a large S Middle distillates are 
scale suitable for jet fuel 

• More flexible gasifiers 
under development in 
several countries which 
will make it more in-
dependent of coal type 

• Less severe reaction 
conditions than for 
direct liquefaction

Disadvantages 

• Thermal efficiency gen- • Yet to be demonstrated 
erally lower than for	 on a large scale 
direct processes 

• Production of diesel 
fuels and kerosenes dif-
ficult with current 
technology 

• Plant needs more equip-
ment than for direct 
process. 

Table 4 summarizes the thermal efficiencies for various 
coal liquefaction processes and various end products. 

From its assessment, lEA believes that pilot plant data 
may be sufficient to design and estimate costs for a 
commercial plant, but this has not yet been demon-
strated. Hence, outstanding technical and economic 
issues cannot be resolved until pioneer first-generation 
commercial facilities are built and operated. Because 
these plants will require three to five years to build 
(not including preliminary administrative tasks), the 
lEA concludes that the current rate of progress cannot 
be allowed to lessen. However, they believe continued 
progress will require government encouragement. 
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The lEA estimates that 640 billion tons of coal are 
technically and economically recoverable worldwide. 
On a heating value basis, coal represents five times the 
remaining recoverable reserves of crude. Also, coal is 
more evenly distributed throughout the world than 
other sources of energy. However, the biggest appeal 
of coal is low mine mouth prices ranging from $5 per 
ton for United States lignites to $110 per ton for 
German bituminous coal (1982 United States dollars). 
lEAexpects that the price advantage of coal over oil 
will continue to widen. Hence, the feedstock supply for 
coal liquefaction plants is forecast to be both adequate 
and economically attractive. 

The LEA study determined that various liquefaction 
processes produce different product slates. Hence, coal 
liquefaction can be tailored to the market demand for 
different fuels. These products will require refining by 
a combination of hydrotreating, hydrocracking, reform- 
ing, and catalytic cracking. AU these processes are 
well proven, but will cost from $10 to $20 per barrel in 
a grass roots refinery and from $6 to $12 per barrel in 
an existing refinery (1980 United States dollars) to 
upgrade coal syncrudes to final products. 

The lEA also examined the environmental considera-
tions of coal liquefaction and found the effects related 
to coal mining and transportation to be minimal. How- 
ever, the lEA also determined that occupational health 
and safety in commercial plants are high priority items 
and that pioneer plants will provide valuable informa-
tion.

Conclusions 

The lEA study concludes the following: 

• A strong research and development 
program for direct and indirect coal 
liquefaction should be maintained. 

• The existing and planned coal liquefac-
tion pilot plants should continue to be 
operated. 

• The detailed engineering design of full-
size direct coal liquefaction plants 
should be undertaken in a number of IRA 
countries with strong government finan-
cial support. 

• One or more joint international projects 
should be studied and possibly under-
taken to maintain the momentum of dc-
velopment of coal liquefaction. 

• Coal liquefaction offers the greatest 
long-term potential for the production of 
synthetic fuels because of the extent of 
the resource base and the diversity of 
technologies. 

TABLE 4 

IRA ESTIMATES OF THERMAL EFFICIENCIES OF COAL LIQUEFACTION PROCESSES 

Lignites -	 Hard Coals 
Low Ash High Ash Low Ash High Ash 

Gasoline Hydrogenation 48-52 L/F-T 36-37 Hydrogenation 57-62 L/F-T 46 
T/F-T 43-46 T/F-T 53 

W/F-T 47-52 L/Mobil 45 W/F-T 47-52 L/Mobil 45-50 
T/ Mobil 50 T/ Mobil 50 

Diesel Hydrogenation 48-52 LIF-T 40-42 Hydrogenation/F-T 51-53 L/F-T 44 
T/F-T 49-50 . T/F-T 49-50 

Gasoline + Hydrogenation 60 L/F-T 54-55 Hydrogenation 60-65 
SNG L/F-T 55 L/ Mobil 55-57 L/F-T 51-58 L/F-T 57-59 

W/F-T59 WIF-T60+ 
L/Mobil 57 L/Mobil 54-63 

Diesel + L/F-T 55-56 L/F-T 55-56 L/F-T 56-58 L/F-T 56-58 
SNO

Liquid Fuels Hydrogenation 60+ 	 LlMethanol 49	 Hydrogenation 65	 L/Methanol 49-57 
T/Methanol 55	 T/Methanol 55 

L	 = Lurgi Gasification	 F-T	 = Fischer-Tropsch Synthesis 
T	 = Texaco Gasification	 SNG = Substitute Natural Gas 
W	 = Westinghouse Gasification	 Mobil = Mobil Methanol-to-Gasoline Process 

Thermal Efficiency = The heating value of the product divided by the heat value of the coal 
feed, including coal for utilities, expressed in percent - based on higher heating value.

- 
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ECONOMICS 

ECONOMIC ASPECTS OF COAL GASIFICATION 
AND LIQUEFACTION IN WESTERN EUROPE 

At the International Coal Conversion Conference spon-
sored by the South African Institute of Chemical Engi-
neers and the Council for Scientific and Industrial 
Research hold in Pretoria on August 16-20, 1982, 
W. Peters of SteinkohlenbergbauvereinJBergbau-For-
schung GmbH presented a paper entitled "Economic 
Aspects of Coal Gasification and Liquefaction in West-
ern Europe." In this paper several coal conversion 
processes are evaluated including gasification and li-
quefaction and methanol from coal projects. 

The author found that the production of SNG from coal 
is not competitive at the present time and that the 
costs of liquid products are still considerably above the 
refinery sales price for petroleum-based products. 

Gas from Coal 

Over 35 process configurations have been proposed for 
coal gasification with only a few developed to full 
industrial scale. Most processes are variations of three 
basic configurations of auto-thermal coal gasification 
processes involving fixed-, fluidized-, or entrained-bed 
gasifiers. Table 1 summarizes all German activities in 
the field of gasification. 

An alternative configuration has the process heat sup-
plied from an external source—nuclear reactors. 
Figure 1 shows one prospective process configuration. 
The author states that this process will probably not be 
commercialized prior to the end of the century. 

While the primary product, a gas mixture of hydrogen 
and carbon monoxide could be used as a fuel already, 
use of the gas as synthesis gas for catalytic formation 
of hydrocarbons is considered more advantageous. 

Liquid Products from Coal

• Shift factor of 5 for manpower 
• Coal cost of 237.5 OM per ton ($100 per 

short ton) 
• All units commissioned as of 1982. 

TABLE 1 

WEST GERMAN
PILOT PLANTS FOR COAL GASIFICATION 

Through-
Process put Operation 

(Tons/Hr) 

Fixed Bed 
Lurgi (Ruhr 100) 4-10 1979 
Kohlegas Nordrhein 2 1979 

Fluidized Bed 
High-Temperature-Winkler 1 1978 

Extralned Bed 
Texaco 6 1978 
Saarberg-Otto 11 1979 
Shell 6 1979 

Iron Bath 
Humboldt 10 1983 

Nuclear 
Steam-Gasification 0.2 1976 
Hydro-Gasification 0.2 1975 

TABLE 2

TEST PLANTS FOR COAL HYDROGENATION 
IN WEST GERMANY 

Through-
Operator out Operation 

(Tons/Day) 

Semi-Technical Plants 
Saarbergwerke 0.3 1975 
Bergbau-Forschung (RAG) 0.3 1976 
Rheinbraun 0.1 1978 

Pilot Plants 
Saarbergwerke 6 1981 
Ruhrkohle, Veba Oel 200 1981 
Rheinbraun 360 1985 

4-19	 SYNTHETIC FUELS REPORT, JUNE 1983

Table 2 shows the work in progress on coal liquefaction. 
Two pilot plants (6 and 200 tons per day) were con-
structed in 1981 and the results from the plants were 
used in future large-scale units. 

Economics 

The author made the following assumption for the 
economic investigation of each process: 

• 20 year project life for depreciation 
• Original cost of plant used to calculate 

depreciation 
• Interest rate of 9 percent 
• Maintenance at 4 percent of original 

cost



Gas 

Figure 2 shows the cost of synthesis gas produced at 
present in the Federal Republic of Germany from 
various energy carriers. Variation in cost is a measure 
of the conversion efficiency of the various processes. 
At the present thy natural gas price of 0.35 DM per 
cubic meter synthesis gas is produced at a cost of 
0.22 DM per cubic meter. Corresponding values when 
using heavy oil or naphthas as feedstocks are 0.31 DM 
per ton and 0.33 OM per cubic meter, respectively. 

Table 3 contains an analysis of synthesis gas from coal 
for the Lurgi and Koppers-Totzek gasification pro-
cesses. In the Lurgi process it is assumed that primary 
methane is cracked in the process to optimize synthesis 
gas yield. Production cost is 0.27 DM per cubic meter. 
The respective value for the Koppers-Totzek process is 
0.24 DM per cubic and this means a difference of only 
10 percent. Table 4 shows an analysis of synthesis gas 
cost when using nuclear heat. As shown by the table 
this reduces the cost by approximately 20 percent. The 
author further states that with the use of catalyst the 
conversion could be boosted to 65 percent so that 
synthesis gas cost could be considerably less than 
Table 4. 

Figure 3 shows how coal cost affects 5MG production 
cost. Curve 1 applies to auto-thermal lignite gasifica-
tion. Curve 2 is auto-thermal gasification of hard coal 
and Curve 3 is nuclear. The advantage of nuclear 
energy is clearly shown in Figure 3, but it is still 
apparent that coal gasification is not yet competitive 
with natural gas.

Methanol 

Table 5 illustrates cost of methanol production from 
synthesis gas. Operating cost of a 1,000 tons per day 
methanol plant amounts to 80 DM per ton of methanol. 
The cost of methanol from synthesis gas depends on the 
process, and costs seem to range from 720 DM per ton 
for the Lurgi process to 510 DM per ton for nuclear 
gasification. This assumed that synthesis gas produc-
tion is independent of methanol production. For a case 
when the plants are integrated the costs range from 
860 DM per ton for the Lurgi process and 833 DM per 
ton for the Koppers-Totzek process. The author adds 
that for a nuclear gasification plant of optimum size, 
about 6 million tons of methanol could be produced in 
one year in one plant. This quantity is twice as much as 
the present methanol consumption in Western Europe. 

Liquid Fuels - 

The author estimates the cost of a 2 million tons per 
year Fischer-Tropsch synthesis plant at 6.3 billion DM 
per year. The resultant production cost is 1,750 DM 
per ton of primary product. The large quantity of coal, 
4 tee per ton, required for each ton products makes the 
price of products essentially a function of the coal 
price. Because of the high price of European coal the 
author considers this process to have little chance of 
economic success in Europe. Direct hydrogenation 
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TABLE 4 

PRODUCTION OF SYNTHESIS GAS
VIA NUCLEAR GASIFICATION 

Nuclear Reactor 
Coal Throughput 
Gas Production 

Electricity Production 
Investment Costs 
Production Costs

3,000 MW-Thermal
2.7 MMTCE/Y

8.4 Billion M3/Y
97.2 MM GJ/Y

3,730 MM KWH/Y
6,585 MM DM

18.4 1DM/Ga
0.21 DM/M3 

FIGURE 2 

PRODUCTION COSTS OF SYNTHESIS GAS 
AS A FUNCTION OF ENERGY PRICES 

DM/m3 PRODUCT COSTS
in- in j 

- -	 -	 - -	 Hard coil 
DN/t.c.s.	 ioo 200 300 400

Natural gas 
DS/m3	 .110 .20 .30 .40	 .80 

I	 H..	 Oil 
flit	 ido	 200 300 400 500	 500

Naphtha 
OMit	 100	 200 300 400 500	 SOD	 700 

TABLE 3

DESIGN DATA OF SYNTHESIS PLANTS BASED ON 
THE LURGI AND KOPPRRS-TOTZEK PROCESS 

Koppers-
Lurgi  

Coal Throughput (MM TCE/Y) 4.32 3.80 
Gas Production: 

(Billion Cubic Meters/Y) 6.70 5.70 
(Million GJ/Y) 20.01 17.02 

Investment Costs (MM DM) 4,040 2,245 
Production Costs: 

(DM/GJ) 21.57 19.32 
(DM/Cubic Meter) 0.27 0.24
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FIGURE 3 

EFFECT OF COAL COSTS 

ON SNG PRODUCTION COSTS 
I	 CONVENTIONAL STEAM GASIFICATION (LIGNITE) 
2 CONVENTIONAL STEAM GASIFICATION (HARD COAL) 
3 STEAM GASIFICATION WITH NUCLEAR HEAT (HARD COAL) 

z 141- 

ro .:4:	 ...... 
x. 

I	 LNG border price 

IM .x.v.v.w.x.C>.tacb...,.veCbcr.>>.. 
natural g as border price

0	 2	 4	 6	 5	 10
coal coats (DM/GJ LHV) 

TABLE 5

COMPARISON OF PRODUCTION OF SYNTHESIS GAS
AND METHANOL BASED ON

DIFFERENT GASIFICATION PROCESSES 

Gasification Process
	 Synthesis 

Gas Methanol 
(DM/M3) (DM/T)

requires considerably less coal per ton of pro-
duct-4 tee per ton. Investment cost are considered to 
be lower and the author calculates the construction 
cost for a 2 million tons per year plant at 5.3 billion 
DM. Estimated production cost for direct hydrogena-
tion is 1,300 DM per ton of product, roughly 450 OM per 
ton lower than the respective value for the Fischer-
Tropsch synthetic route. Figure 4 shows costs of the 
various liquid products from coal. Corresponding costs 
for oil based products are shown for comparison. 

Lurgi 
Koppers-Totzek 
Nuclear Gasification

0.27 
0.24 
0.18 

•65% increase in throughput by catalysts

Table 6 contains an analysis of gasoline station cost for 
oil-based gasoline and gasoline from hydrogenation. 

717	 Costs for distribution, profit margins, mineral oil taxa-
651	 tion, and value added tax (VAT) were assumed identical 
508 for both products. The calculated price difference was 

0.4 DM per liter of gasoline (approximately 57 cents per 
gallon). 
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-	 FIGURE 4 

PRODUCTION COSTS FROM
LIQUID FUELS COAL

F-I GASOLINE 

1400
GASOLINE FROM DIRECT

	

1200 -
	 HYDROGENATION 

DIESEL 
0

	

1000-	 GASOLINE 
0	 KOHENOL(SRC II) 
A.	 600-
B	 LIGHT FUEL OIL 

600-

0	 400-
	 HEAVY FUEL OIL 

I-
S 
0 
o	 200-

I	 I	 I	 I	 I	 I	 I 
1	 2 3	 4	 8 S	 7	 S	 S 

COAL COST DN/GJ NHV 

METHANOL AND ELECTRIC POWER 
TABLE 6	 FROM COAL EVALUATED 

COST OF GASOLINE FROM COAL AND CRUDE OIL 
(DM Per Lite) 

Gasoline Gasoline 
from from 

Crude Coal 

Fuel Costs 0.52 0.55 
Operating Costs 0.09 0.40 
Distribution Costs 0.14 0.14 
Tax 0.51 0.51 
VAT 0.16 0.20 

Pump Price 1.42 1.82

German conditions January 1982

All current methanol capacity in the United States is 
based on natural gas except DuPont's new (1980) plant 
at Houston, which is residual fuel oil based. There has 
been considerable interest in recent years over the 
development of processes utilizing coal as raw mater-
ial. Many believe that methanol production from coal 
is approaching feasibility and that commercially proven 
processes are available to convert a wide variety of 
coals into methanol. This position was supported in a 
paper by Mr. Gerhard Cornelius and Mr. Helmut 
Vierrath entitled "Methanol and Electric Power from 
United States Coals Using Lurgi Gasification" presented 
at the Coal Technology '82 Conference in Houston, 
Texas on December 7-9, 1982. Six cases were eva-
luated: 

Case I Production of 3,000 tons per thy 
of methanol from United States 
Eastern coal using the British 
Gas/Lurgi Slagging Gasifier. 

Case II Production of 3,000 tons per day 
of methanol from United States 
Western coal using the Lurgi 
grate gasifier. 
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Case I	 Cogeneration of methanol and 
A/B electric power from United 

States Eastern coal using the 
British Gas/Lurgi-Slagging Gasi-
fier. 

Case II	 Cogeneration of methanol and 
A/B electric power from United 

States Western coal using the 
Lurgi rate gasifier. 

In Case A the synthesis is operated at 700 psig and in 
Case B at 350 psig in a "once through" mode so that the 
proportion of methanol and electric power can be 
varied. 

Case 1: Methanol from United States Eastern Coal 

The process evaluated as Case I In the study consists of 
gasifying Pittsburgh 8 coal at 450 psig in the British 
(ias/L.urgi Slagging Gasifier as shown in Figure 1. The 
counter-current flow of coal moving downward and 
gasification agent (steam and oxygen) and the resulting 
crude gas moving upward lead to a varying temperature 
and concentration profile over the length of the shaft. 

The steam/oxygen volume ratio is in the range of 1 to 
2, and only the required amount of steam is added to 
the gasification agent. This results in very high tem-
peratures (1,600°C and above) in the combustion zone. 
The ash melts and drops through a tap hole in the 
reactor bottom into the quench chamber. The slag Is 
rapidly quenched in water and forms a glassy frit, which 
can be easily removed from the slag lock hopper.

The hydrogen/carbon monoxide ratio must be adjusted 
to the required level for methanol synthesis. This is 
carried out In the Lurgi crude gas shift process where 
added steam and carbon monoxide react over a catalyst 
to form hydrogen and carbon dioxide. 

Before entering the Rectisol gas purification section 
the gas is cooled In the gas cooling section. In the 
Rectisol unit the sulfur content is reduced to a level of 
0.1 ppm using methanol as a solvent. Then the pressure 
of the purified synthesis gas is increased to about 
1200 psig by a turbo compressor. 

In Lurgi-low pressure methanol synthesis shown in Fi-
gure 2, CO, CO2 and H2 are converted to crude meth-
anol in a tubular reactor at a pressure of 1,150 pslg. 
The catalyst is in the tubes, with boiling water on the 
outside to remove the reaction heat. 

The catalyst temperature is controlled by the pressure 
of the boiling feed water around the tubes, ensuring 
that the copper catalyst is not exposed to temperatures 
exceeding 520°F. Higher temperatures would lead to 
catalyst deactivation due to recrystallization of the 
copper. 

The reactor effluent gas contains up to 6 percent 
methanol and exchanges its sensible heat with the 
reactor feed gas before it is cooled to ambient temper-
ature with air and/or cooling water whereby the metha-
nol is condensed. The methanol Is separated from 
non-converted recycle gas and routed to the methanol 
distillation. The purge gas from the methanol synthesis 
is separated in the pressure swing adsorption (PSA) unit 
Into a hydrogen rich fraction, which is recycled to the 
synthesis feed gas and a fuel gas stream for the boiler 
house. 

FIGURE 1 

BASE CASE: METHANOL PRODUCTION FROM 
PITTSBURGH 8-COAL USING THE BRITISH 

GAS/LURGI SLAGGING GASIFIER 
0*1. 4l	 cThAa 

flu,	 P	 I	 I 

	

4	 4	 I'r	 W	 ta,Is 'Al	
I	 ____ I-I	 I_'°' 

	

111111	 -t 
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Figure 2 shows the steam-saving scheme of the metha-
nol distillation unit. In view of the high selectivity of 
the catalyst, the crude methanol contains very little 
by-products. For example, according to the study 
results crude methanol produced from coal contains less 
than 2000 ppm by-products of which the major ones are 
about 900 ppm methyl-formiate, 700 ppm ethanol and 
150 ppm dimethyl-ether. The low-boiling by-products 
are removed overhead in the low-boilers column heated 
with low pressure steam. In the first pure methanol 
column operating at about 7 bar, approximately 50 per-
cent of the pure methanol column is recovered as 
overhead product. The rest of the methanol, together 
with the high-boilers, enters the second pure methanol 
column, which operates at atmospheric pressure and is 
heated with the overhead vapors from the first pure 
methanol column. In the second pure methanol column 
the residual methanol is separated from the high-boil-
ing by-products by distillation. Compared to a plant 
with only one pure methanol column, this process 
scheme saves about 500,000 tons per year low pressure 
steam in a 3,000 tons per day methanol plant. 

In this Case I example evaluated in the study, the boiler 
house is fueled with the methane rich fraction from the 
PSA unit and with the overheads from the methanol 
distillation unit. to maximize the overall sulfur recovery 
for environmental reasons.

Case I A: Coproduction of Methanol (700 psig Reactor 
Pressure) and Electric Power 

The production scheme is basically the same as Case I 
shown in Figure 1 except that the methanol synthesis is 
operated at a lower pressure of 700 psig. This reduces 
the methanol production; however, the purge gas 
stream used for power generation is increased. The 
steam for the gasification section and the CO-shift unit 
is extracted from on appropriate point in the steam 
system of the combined cycle plant. Therefore, a 
boiler house and PSA unit are not required in this case. 

Case I B: Coproduction of Methanol (350 psig Reactor 
Pressure) and Electric Power 

In this scheme the synthesis is operated "once through" 
at 350 psig a compressor upstream of the methanol 
synthesis is therefore not required. The methanol yield 
is reduced and the split of methanol and electric power 
is shifted toward power production. Both schemes offer 
options for base/intermediate load and peaking power 
operations at different splits. Investment costs in the 
methanol section are reduced significantly. 

Case lb Methanol from United States Western Coal 

For this case a lignite similar to the feedstock for the 
Great Plains Coal Gasification Project in North Dakota 
was selected by the researchers. The sequence of 
process units is shown schematically in Figure 3. Sized 
lignite is gasified at 450 psig in the Lurgi grate gasifier. 
The operation is basically the same as described for the 
slagging gasifier. The difference between the two 
gasifier types lies in the introduction of the gasification 
agent and the ash removal from the reactor. A rotating 
rate at the bottom of the shaft supports the fuel bed, 
introduces and distributes the gasification agent, and 
transports the ash from the reactor into the ash lock 
hopper. 

The highest temperature occurs in the combustion zone. 
This temperature must be kept below the ash melting 
point and is controlled by gasification steam. A typical 
steam/oxygen volume ratio is about 10 to 6:1. 

The crude gas leaving the gasification section already 
has the right hydrogen/carbon monoxide ratio for meth-
anol synthesis. Therefore, a CO-conversion unit is not 
required in this case. Another difference from the 
production scheme presented in Case I is that the purge 
gas from the methanol synthesis is autothermally re-
formed because of its higher methane content and the 
different H2/CO ratio of the feed gas to the synthesis. 

The purge gas is reformed by the Lurgi-developed 
catalytic autothermal process with oxygen which opti-
mally fits the prevailing pressure conditions. The use 
of the catalytic autothermal process results in a better 
thermal efficiency and lower investment costthan 
conventional reforming in a tubular reformer. All other 
process steps are identical to the scheme presented for 
Case I. The boiler house can either be fueled with coal 
and/or with oil from the gas liquor section and clean 
fuel gas as required. 

4-25	 SYNTHETIC FUELS REPORT, JUNE 1983



METHANOL PRODUCTION
FROM NORTH DAKOTA LIGNITE

USING THE LURGI GRATE GASIFIER 
All	 SILFUR	 MITHAJIOS. 

k—I w astin F----j igma 

lbs

im-,iot
---- -SI 

MIRMW

laTER FN mt. mviii 
MM!? S OSCIARGE 

Case II A/B: Coproduction of Methanol (700/350 psig 
Reactor Pressure) and Electric Power 

Production Scheme A differs from the Case II base 
scheme in that a lower pressure of 700 psig is applied in 
the methanol synthesis. Autothermal reforming is not 
required since the purge gas is used as fuel gas for 
power generation in a combined cycle system. Cases A 
and B differ in the pressure of the methanol synthesis 
and the mode of its operation. In Case B the methanol 
synthesis is operated "once through" at 350 psig thus a 
synthesis feed gas compressor is not required. The 
"once through" operation scheme and the low reaction 
pressure result in a reduced methanol yield, shifting the 
split methanol/electric power production further to-
ward the latter. The study concludes that investment 
costs of the methanol section are reduced significantly. 
The different reactor pressure results again in a differ-
ent split methanol/electric power production. 

Efficiencies and Economies 

The efficiencies for the investigated production routes 
are shown in Figures 4 and 5. The evaluations con-
ducted in the study showed that the thermal efficiency 
increases with increasing cogeneration of electric 
power, because fuel gas for electricity generation can 
be produced at a higher efficiency than methanol itself. 
Furthermore, Eastern coal can generally be converted 
at a higher efficiency into clean products than Western 
coal since the slagging gasifier requires less steam than 
the dry bottom gasifier. 

An efficiency of 50 percent was assumed in the study 
for the generation of electric power from fuel gas or 
methanol which may be high at the present stage of 
development for combined cycle systems. Some manu-
facturers claim that they can achieve efficiencies up to 
50 percent with existing equipment or future high tem-
perature gas turbines.

Electric power production via cogeneration was eva-
luated in the study at 1,500 and 8,000 hours per year. 
Methanol was assumed to be used for power production 
in the 1,500 hour case. 

Investment costs for a self-supporting plant including 
offsite facilities are given for each case in Table 1. 
Ten percent of the total plant cost was added as 
contingency and 25 percent of the resulting sum for 
interest during construction. Working capital of $25 
million was also included in the total capital cost. 

TABLE 1 

ESTIMATED INVESTMENT COST 
1982 UNITED STATES DOLLARS 

(Million Dollars) 

Eastern CoaIJ	 Western Cool 
Sla,nlne Gasification	 Dry Ash Gascation 

Case	 TA	 ID	 HA	 DR 

Products: 
TPD MeOH 3,000	 2,818	 518	 3,000	 2,031	 300 

Total Capital 
Coat	 710	 730	 890	 850	 810	 920 

Maximum Peak 
Load Capacity	 -	 1,640	 600	 -	 1,294	 560
1,500 Hours (MW) 

Total Capital 
Coat at Mail- 	 -	 1,800	 1,090	 -	 1,590	 1,030
mum Peak Load 
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In the study, a peak power plant based on coal gasif lea-
tion and methanol production was assumed to consist 
basically of two blocks. While the gasification section, 
the gas treatment, and methanol production plant are 
designed in large trains of up to 500 megawatts equiva-
lent to achieve optimum economics, those conditions 
are reached in the combined cycle systems at present 
at much lower capacities of approximately 200 mega-
watts which represent today's largest gas/steam turbine 
combined cycle unit. Therefore, the study concludes 
that larger plants do not lead to significantly lower 
investment cost. Hence, the combined cycle system 
can be installed incrementally-.-at steps of about 200 
megawatts or roughly $100 million--virtually without 
economic penalty. This possibility offers several ad-
vantages cited in the study: incremental power can be 
installed at a much lower cost and in smaller incre-

ments than would be economical with coal-fired power 
stations. The cost of electricity from combined cycle 
plants with coal gasification and gas purification are 
lower than from conventional coal-based power plants. 
Thus peak capacity can be built at minimized risk. 
Furthermore, such plants can be designed for winter 
and summer power requirements by installing interme-
diate methanol storage capacity. 

The cost of methanol per ton produced in Figure 6 was 
calculated in the study under the following assumptions: 

• Interest: 22 percent of total capital cost 

• Maintenance: 3.5 percent of total capital 
cost 
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FIGURE 6
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the complexity of site an d requirement-specific consi-
derations.

financing with a 12 percent discount cash fl ow. 

I,.. 

POTENTIAL IMPROVEMENTS IN SASOL 
TECHNOLOGY

coal but is nearly linearly related to plan t construction 
cost. 

States Department of Energy (DOE).

advanced gasification systems to produce all liquid 
products. 

BOC gasification and 23 percent for Shell processes . 
technology developed by Mobil Research an d Develop-

The study concludes that methanol can be produced 
cheaper from Western coal than from Eastern coal due 
to the much lower coal price. This may change if 

The cost of peak electricity was not calculated due to 

Combining advanced gasification systems with the Kol-
bel liquid slurry reactor offers significant advantages in 
output, product cost, construction cost, liquid product 
selectivity, and overall plant thermal efficiency ac-
cording to the MITRE Corporation In a paper presented 
at the International Coal Conversion Conference in 
South Africa. The paper "Potential Improvements In 
Sasol Technology" by G. Cl. Ray, M. Lytton, M. He-
worth, and 0. Tomlinson covers the results of a concep-
tual study by the MITRE Corporation for the United 

Gasifiers considered include a slagging modification of 
the dry ash Lurgi design developed by the British Gas 
Corporation and Lurgi, the single stage agglomerating 
ash fluid bed gasifier developed by Westinghouse, and 
entrained now gasifiers under development by Texaco 
and Shell Koppers. For comparison purposes MITRE 
chose as their base case a plant design employing Besot

ment Corporation (MRDC) in a study for the DOE in 

Table 1 shows pertinent data for the base case plant 
when operated to produce liquid fuels and 5140 as 
coproducts, and when operated to produce an all liquid 
product. Yields from the mined product made are 
reported as 4,910 cubic meters for ENO and 19,591 bar-
rels of liquid fuels from 25.22 metric tons of coal. 
Operation in the all liquid mode doubles the liquid yield 
to 41,320 barrels per day (Figure 2). Thermal effi-
ciency on a higher heating value basis (HHV) are 57 and 
44 percent, respectively. Economic assessments are 
based on 20 year plant life and 100 percent equity 

MITRE reviewed the MRDC data and reports thta the 
mixed output plant produces cheaper gasoline than the 
all liquid plant (46 cents versus 53 cents per liter). 
They note, however, the sensitivity of the gasoline 
price to the SNG price and conclude that the all liquid 
price is more realistic. MITRE also reports that the 
cost of product Is only slightly affected by the cost of 

YleIth of the various gasifiers are compared in Table 2. 
Additional comparisons are shown in Figure 3. Figure 4 
presents graphically the Impact of advanced gasifica-
tion on plant construction cost. MITRE concludes that 
all liquid product plants tall within a construction cost 
range of +1- 5 percent. Similar plant designs are used 
except for minimal changes to accommodate the ad-
vanced gasification systems. Table 3 shows pertinent 
data for indirect liquefaction plants employing the 

The article reports that gasoline cost is substantially 
reduced—up to 18 percent when using Westinghouse and 

4-28	 SYNTHETIC FUELS REPORT, JUNE 1983



All-Liquid 
Output 

28,090 
41,320 
33,652 

43 
2.14 

1,383 
2,198 
0.40 
0.53

Gasifier Pressure (KPa) 
Exit Gas Temperature rC) 

Inputs (Mg/How) 
Coal (DAF) 
Steam/Water 
Oxygen 
Total Plant Coal (DAF) 

Base CAN Composition (McI %) 
H2 
CO 
CHI 
C2 
CO2 
HO 
Miscellanota 
H2/CO Ratio 

FaergetS (GJ/Ho,w LHV) 
Total Plant Coal 

Otstput. 

Prices of Fuel. Other than Gasoline

CO • H2 
CHI + C7 
Naphtha 
Tars • Oils + Phenols' 

Tot.) Output 

Mixed 
Output 

Output 
5MG (Thotmand Cubic Meters/Day) 4.9 
Gasoline (Bbl/Day} 13,580 
TotalLiquid Fuels (Bbl/Day) 19,591 
Total FOE' 44,950 

Input (Mg/How) 
Total Plant Coal (as received) 1,051 Coal to steam (as received) 189 
Coal to Gasifier (as received) 892 
Steam to Gasifier 771 
Oxygen to Gasifier 20$ 
Efficiency (HOlY), % 57 
Liquid Yield (Bbls C4+/t0n 1.01 

dry coal) 

Costs 
Plant Construction Cost (M1977$) 1,186 
Capital Coat (M 1977$) 1,887 
Gasoline Coat (1977$/Liter)'' 0.35 
Gasoline Cast (1980$/Liter) 0.48

'FOE Fuel Oil Equivalent assuming 8.33 GJ/Barral 
'Price, for products other than gasoline shown below

Dry-Ash BOC Wasting-
_ a 

2.40 2.40 2.76 4.48 
540 450 980 1,425 

577 628 703 703 
771 205 263 21 
208 247 559 582 
703 703 703 703 

23.0 21.9 24.9 30.9 
11.1 43.9 32.7 64.4 
6.7 5.2 4.3 0.0 
0.3 0.3 0.0 0.0 

17.6 2.1 16.6 2.4 
41.0 26.3 20.8 1.4 
0.3 0.3 0.8 0.9 

2.07 0.5 0,76 0.48

20,003	 20,003	 20,003	 20,003 

	

7,583	 11,689	 12,057	 16,609 

	

5,121	 3,236	 2,656	 0 

	

331	 360	 0	 0 

	

1 736	 a	 o	 0 

	

13,035	 15.265	 14,743	 18.609 

-	 TABLE 1
	 TABLE 2 

SUMMARY DATA FOR BASE CASE PLANTS
	 GASIFIER PERFORMANCE COMPARISONS 

5MG + C3, $/GJ	 5.85 
C4, G - $/GJ	 0.28 
Diesel, G - S/Barrel	 1.70 
Fuel Oil, G - $/Barrel	 3.50 
Alcohols, S/Kg	 0.33 

0 = Gasoline Price

-Not Included In totals - used for steam generation 
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FIGURE 2 

BASELINE PLANT INPUT/OUTPUT FOR
MIXED PRODUCT AND ALL-LIQUID CASES 
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FIGURE 4 
PLANT CONSTRUCTION COST COMPARISONS 
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TABLE 3 

SUMMARY DATA FOR PLANTS USING
SYNTHOL SYNTHET5OS AND ADVANCED GASIFIERS

(AD-Liquid Output) 

Base BGC Westing-
a L a a 

Outputs (Bbl/DRy) 
Gasoline 28,090 31,514 30,805 34,455 
Diesel 5,078 5,706 5.885 6,578 
C3 + C4 2,757 3,099 3,192 3,574 
Fuel Oil 1,369 1,538 1,584 1,774 
Alcohols 4,026 4,524 4,672 5,204 
Total Liquith	 -	 - 11,310 46,381 46,138 51,586 
Total FOE' 33,651 37,776 37,552 41,998 
Efficiency (HHV), % 43.0 48.0 47.6 53.0 
Liquid Yield (Bolt C4+ per 2.14 2.40 2.38 2.67 

tonne	 'y coal) 

Economies 
Plant Construction Coat 1,383 1,289 1,305 1,347 

CM 1977 $) 
Capital Cost CM 1977 $1 2,199 2,050 2,078 1,141 
Gasoline Coat (1977 5/Liter) 0.40 0.33 0.34 0.31 
Gasoline Cost (1980 s/Liter) 0.53 0.44 0.15 0.41

*One barrel = 42 United States Gallons = 159 Liters 
• FOE Fuel OR Equivalent Assuming 6.33 GJ/Barrel

Cost estimates are in 1977 dollars to maintain consis-
tency with the baseline data from the MRDC study. 

Product prices in Tables 3 and S are approximations 
calculated by applying Nelson's Refinery cost indices to 
the computed 1977 results. Capital costs were esca-
lated by 1.26 and operating costs by 1.38. MITRE also 
assumed that construction costs for the slurry reactor 
would be 20 percent higher than the Synthol reactor for 
equal throughputs. 

The slurry phase and Synthol systems cost are approxi-
mately equal because of lower catalyst and catalyst 
preparation costs and lower throughput resulting from 
less reformer methane at the slurry phase system. The 
article reports that subsequent work by UOP/SDC indi-
cates lower construction cost for the slurry phase 
reactor systems than the Synthol reactor system. 

Advantages of the Kolbel reaction are listed as: 

• Improved product selectivity (Table 4) 

• Higher conversion per pass (90 versus 
50 percent for SYNTHOL). 
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TABLE 4 

PRODUCT SELECTIVITY FOR SYNTHOL AND KOLBEL
FISCHER-TROPSCH SYNTHESIS REACTORS 

Product Weight Percent
of Total Hydrocarbons Kolbel Synthol 

C l + C2 6.8 22.8 
C3 22.6 15.3 
C4 5.1 10.6 
C5-320°C 63.6 46.6 
320°C+ 1.9 4.6 

TABLE 5 

SUMMARY DATA FOR PLANTS USING 
KOLBEL SYNTHESIS AND ADVANCED GASIFIERS 

(All-Liquid Output) 

Base SOC Westing. 
Case Lurill home shell 

Outputs (Bbl/Day)' 
G asolIne 28,090 39,945 38,848 44,166 
Diesel 5,078 5,025 5,093 5,792 
C3 + C4 2,757 4,035 4,112 4,675 
Fuel Oil 1,369 523 531 604 
Alcohols 4,026 813 823 936 
Total Liquids 41,320 50,381 49,407 56,178 
Total FOE" 33,652 41,508 40,700 46,172 
Efficiency (HEY), % 43.0 52.5 51.0 58.7 
Liquid Yield (sell C4+ per 2.14 2.55 2.49 2.83 

tonne &y coal) 

Ecaicales 
Plant Construction Coat 1,383 1,180 1,205 1,194 

(M 1977 $) 
Capital Cost (M 1977 8) 2,199 1,876 1,916 1,898 
Gasoline Cost (1977 8/Liter) 0,40 0.27 0.29 0.25 
Gasoline Coat (1980 s/LIter) 0.53 0.36 0.38 0.32

One barrel42 United States Gallons • 159 Liters 
'FOE a Fuel Oil Equivalent Assuming 6.33 GJ/Barrel 

Conclusions 

Impact of Kolbel synthesis on the overall process 
scheme is shown in Figure 5. Table 5 summarizes the 
results of analysis of the combination of Kolbel synthe-
sisreactor and advanced gasifiers in plants producing 
all liquid products. 

The article points out the most significant features of 
the analyses are higher gasoline yields using the Kolbel 
reactor, higher overall thermal efficiency, and lower 
capital cost, hence gasoline cost. Increases in thermal 
efficiency in the ShelllKolbel plant is reported as 
16 percent and increased gasoline yield as 57 percent. 
The combined decrease in capital cost and increased in 
product yield for the Shell/Kolbel case account for the 
low cost of gasoline (32 cents per liter = $1.21 per 
gallon).

MITRE concludes that combination of advanced gasifi-
cation system with Kolbel liquid slurry phase reactor 
shows a potential for significant advantages in output, 
product cost, plant construction cost, liquid product 
selectivity, and overall plant thermal efficiency. The 
combination can result in a reduction of gasoline pro-
duct of 33 percent. 

Gasifiers optimized for SNG production are not well 
suited for indirect liquefaction. 

The Shell gasifier has a slight advantage over other 
systems primarily due to the absence of methane in the 
produced gas, but the advantage is lost in plants de-
signed for mixed output. 

MITRE recommends that all three gasifier types be 
thoroughly evaluated before making a final selection of 
gasifiers for a commercial plant.

- 
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FIGURE 5 
SYNTHOL VS KOLBEL SYNTHESIS, 
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TECHNOLOGY 

ADVANCES REPORTED IN 
COAL LIQUIDS UPGRADING 

At the March 1983 meeting of the American Institute 
of Chemical Engineers in Houston, several papers ad-
dressed recent developments in upgrading coal liquids 
to gasoline, middle distillates, and aromatic feedstocks. 
Although various coals, processes, and products were 
evaluated, there were many similarities among the 
results reported: 

Pilot plant studies by UOP and Chevron compared coal 
liquids with petroleum feedstocks in hydroprocessing 
and catalytic reforming operations. Both studies re-
ported that coal derived naphthas, which were higher in 
naphthenic and aromatic components, yielded excellent 
results compared to petroleum naphthas when the re-
former was run for maximum yield of aromatics (i.e., 
for petrochemical manufacture). The coal derived 
naphthas also produced favorable results when reform-
ing operations were directed toward gasoline and diesel 
production, but their optimum use would be in produc-
ing petrochemical feedstocks. 

The coal derived naphthas were uniformly higher than 
petroleum naphthas in oxygen and nitrogen content and 
lower in hydrogen and sulfur content. Extensive multi-
stage hydrotreating and hydrocracking was needed to 
produce reformer quality feed. Both UOP and Chevron 
emphasized the need for low reactor space velocities 
(on the order of 1 hr-1), high pressures, and high hydro-
gen teed rates (generally above 1,000 SCF per barrel 
and in some cases as high as 1,700 SCF per barrel). 

In another paper, Ketjen Catalysts reported similar 
results in hydrotreating petroleum and coal derived 
naphthas over Co-Mo and Ni-Mo catalysts. Sulfur, 
oxygen, and nitrogen were all reported higher in coal 
liquids. Ketjen's studies found the high oxygen levels to 
be due to aromatic hydroxyl compounds requiring 
severe hydrotreating to be converted to naphthenes. 
This paper found that single stage hydrotreating was 
not adequate to produce quality suitable for reformer 
feedstock but might be useful in producing a naphtha 
which could be fed to a conventional petroleum hydro-
treater-reformer unit. 

Researchers at Oklahoma State University experi-
mented with acid washing to remove basic nitrogen 
compounds before hydrotreating coal derived naphthas. 
Nitorgen removal was limited to the lighter, more 
water soluble components, but the results generally 
improved catalyst life and activity. Poisoning by 
nitrogen compounds was thus decreased, but the authors 
pointed out that nitrogen poisoning is not the primary 
deactivation method. 

In another paper focusing on catalyst development, 
researchers at Montana State University evaluated a 
number of Mo, Co, and W catalysts to determine the 
optimum composition for high severity hydrotreating of 
lignite derived feedstock. They concluded that similar 
compositions yield optimum removal of nitrogen and

sulfur while only a slight difference was required to 
optimize hydrogen uptake. 

Considered together, these papers support the conclu-
sion that existing technology is capable of upgrading 
coal derived liquids to yield high quality petrochemical 
feedstocks, gasoline blending stocks, and diesel fuel. 
Hydroprocessing conditions are much more severe and 
costlier than are required for petroleum naphthas, but 
reformer operations and yields with coal liquids are far 
superior to the with petroleum products. Coal liquids 
are also competitive economically even with the costli-
er hydroprocessing step if one considers only the hydro-
treating-reforming operations (i.e., given the coal li-
quids as the starting point). 

The following discussion presents a more detailed sum-
mary of the papers presented. 

"Aromatic Production from Coal Synerudes by Hydro-
proeeaiing and Catalytic Reforming" by Robinson, 
Frumkin, and Sullivan, Chevron Research Company 

This paper reports reports on catalytic reforming tests 
using hydroprocessed naphthas from the H-Coal, 
SRC-II, and EDS processes. Pilot plant scale tests were 
run at conditions favorable to high aromatics yields. 
Based on these results and similar data for Alaskan 
North Slope crude oil, the authors estimated approxi-
mate investment requirements for commercial-scale 
hydrotreating-reforming of coal-derived naphthas. 

Feedstocks-

The pilot plant tests were conducted on four coal-
derived naphthas: 

• H-Coal naphtha derived from Illinois 
coal 

• H-Coal naphtha derived from Wyodak 
coal 

• SRC-II naphtha derived from West Vir-
ginia coal 

• Exxon Donor Solvent naphtha derived 
from Texas lignite. 

Table 1 summarizes the properties of the syncrudes 
from which the naphthas were derived along with 
Alaskan crude oil properties. Compared to the Alaskan 
crude, the coal syncrudes have a lower boiling range, 
lower hydrogen content, and much higher oxygen con-
tent. The authors report that sulfur content Is general-
ly lower for the syncrudes than for Alaskan crude, while 
the nitrogen content varies among the syncrudes from 
the same as to higher than that of the Alaskan crude. 

-
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TABLE 1 

COAL SYNCRUDE AND PETROLEUM CRUDE PROPERTIES 

SRC-II Syncrude Exxon 
H-Coal Syncrude H-Coal Syncrude West Virginia EDS Alaskan North 

Description Illinois Coal Wyodak Coal Coal Syncrude Slope Crude 

Gravity, °API 25.8 35.1 18.6 29.0 27.0 

Hydrogen, Wt % 11.2 11.7 10.5 11.2 12.8 

Nitrogen, Wt % 0.5 0.2 0.8 0.3 0.2 

Sulfur, Wt% 0.3 0.04 0.3 0.1 1.0 

Oxygen, Wt % 1.8 0.8 3.8 1.9 0.2 

Ramsbottom Carbon, Wt % 0.3 0.2 0.7 0.6 4.2 

Yield From Crude, LV % 
St-350°F 40 50 22 40 18 
350-500°F 40 35 50 35 13 
500-650°F 15 12 20 15 17 
650+ 5 3 0 10 52

Because of the high oxygen and nitrogen contents, 
several hydroprocessing techniques were tested, as 
summarized below: 

• Hydrotreating of the entire syncrude 
over Ni-Mo and Ni-W catalysts followed 
by fractionation to recover the naphtha 
cut was used for both H-coal syncrudes 
(Illinois and Wyodak) and the EDS syn-
crude (Texas lignite). 

• Hydrotreating of the entire syncrude fol-
lowed by hydrocracking of the 400°V 
portion to increase the naphtha yield was 
an alternate method used for the H-coal 
(Illinois) syncrude. 

• Fractionation of the syncrude followed 
by hydrotreating of the naphtha fraction 
over Ni-Mo catalyst was employed for 
the SRC-11 (West Virginia) syncrude. 

Figure 1 illustrates the flow schemes for these pro-
cesses. Table 2 summarizes the operating parameters 
or the hydroprocessing step, while Table 3 highlights 

the properties of the resultant naphtha feedstocks. In 
their report, the authors emphasized the greater seve-
rity required in hydroprocessing the coal-derived feed-
stocks relative to crude oil. The hydrotreating-hydro-
cracking combination required the greatest hydrogen 
consumption (1,600 SCF per barrel for hydrotreating 
plus an additional 1,500 SCF per barrel for the portion 
hydrocracked). However, excellent yields of naphtha 
were reportedly obtained, especially in the combination 
process, and the coal-derived naphthas were very high 
in the concentrations of aromatic precursors. Tables 2

and 3 illustrate these points. The hydrotreated H-coal 
naphthas were reported to have the highest naphthenic 
content. The hydrocracked H-coal naphtha had some 
what less naphthene and more paraffinic compounds on 
a concentration basis, but the much higher yield of 
naphtha from syncrude offset this disadvantage. The 
hydrotreated SRC-11 and EDS naphthas were also re-
ported to be of lesser quality than the hydrotreated 
H-coal naphtha. 

QtjeReormIg 

Catalyic reforming was conducted under conditions 
conducive to aromatics formations (150 psig, 850-
925°F). Rheniforming catalyst was used in all cases. 
As expected from the naphtha feedstock properties, the 
reforming step produced both high yields and high 
aromatics concentrations. Table 4 compares the re-
forming results for the coal-derived naphthas. 

Plsn gonsiderations 

Based on the pilot plant results, the authors reported 
several key design considerations for hydroprocessing 
and catalytic reforming units handling coal-derived 
liquids: 

• Hydroprocessing must be designed for 
• much higher levels of sulfur, oxygen, and 

nitrogen than are found in petroleum-
based naphthas. Lower space velocities 
(1-2 LHSV) and greater hydrogen con-
sumption (800-1,200 SCF per barrel) are 
needed according to the paper.

-

- 
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FIGURE 1 
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TABLE 2 

CONDITIONS FOR SYNCRUDE-DERIVEI) NAPHTHAS 

LHSV (Hr-1) 

Avg. Catalyst Temp. (°F) 

H2 Pressure (psia) 

H2 Consumed (SCF/Bbl) 

Naphtha Boiling Range ("F) 

Approximate Yield (LV %) 

H-Coal fl-Coal H-Coal SRC-11 EDS 
(Illinois)' (Illinois)2 (Wyodak)l (W. VaJJ (Lignite)l 

0.5 0.5/1.1 1.5 1.0 (pass) 0.5 

750 760/600 785 450-600 750 

2,250 2,250/1,200 1,850 600 750 

1,600 1,600/1,500 450 1,000 1,700 

150-360 120-350 150-320 150-330 150-350 

40 95 45 20 40 

1 Hydrotreat entire syncrude, fractionate to recover naphtha 
2 Hydrotreat entire syncrude, hydrocrack to maximize naphtha yield 
3 Fractionate syncrude, hydrotreat naphtha fraction

TABLE 3

HYDROPROCESSED NAPHTHA PROPERTIES 

Petroleum 
H-Coal H-Coal H-Coal SRC-II EDS Naphtha! 

(Illinois)' (Illinois)2 (Wyodak) (W. Va.) (Lignite) 

Gravity, °API 41.4 55.6 52.7 51.3 50.7 52.8 

Sulfur, ppm 2.3 0.9 0.7 0.5 2.7 0.3 
Nitrogen, ppm 0.4 0.3 0.2 1.0 0.5 0.1 
Oxygen, ppm 4 130 - 70 50 - - 
Hydrogen, Wt% 14.0 14.3 13.8 14.2 14.2 
RON, Clear 56.9 69.6 64.0 67.5 59.9 55.9 

Composition (LV%) 
Paraffins 10.7 23.8 21.9 24.6 18.4 40.3 
Cycloparaffins 65.0 63.5 63.2 53.0 61.7 39.7 
Dicycloparaffins 19.1 7.5 1.8 3.7 12.7 3.4 
Alkylbenzenes 5.1 5.2 13.2 18.7 6.8 16.5 
Naphthalenes 0.1 0.0 0 0 0.3 0.1 

ASTM D 86 Distillation 
St/5 186/208 130/163 170/190 190/200 194/206 198/206 
10/30 217/246 177/212 200/217 204/220 212/233 219/234 
50 276 241 231 239 256 256 
70/90 314/346 265/308 254/280 267/304 290/324 279/316 
95/EP 359/402 320/355 287/350 320/364 335/371 345/382

1 Hydrotreated only (see Table 2, note 1) 
2 Hydrocracked (see Table 2, note 2) 
3 Naphtha from Alaskan North Slope crude 

May include dissolved water
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TABLE 4 

CATALYTIC REFORMING YIELDS AND PRODUCT PROPERTIES 

H-Coal H-Coal H-Coal SRC-11 EDS 
(Illinois)' (Illinois)3 (Wyodak) (W. Va.) (Lignite) 

Yields 

H 2 (SCF/Bbl) 2,180-2,280 1,940-2,110 1,840-1,970 1,640-1,750 2,000-2,150 
C1-C 3 (SCF/Bbl) 36-56 105-145 45-119 56-93 50-62 
C 4 (Lv %) 0.7-1.1 1.6-3.4 1.4-3.4 0.9-2.0 0.6-0.9 
C 5+ (Lv %) 85.3-87.3 89.3-91.5 83-88 86-89 86-87.3 
Benzene (Lv %) 6.0 4.0-5.7 11.3-13.4 14.2-16.6 6.6-8.8 
Toluene (Lv %) 15.5 20.2-21.3 22.4-25.4 19.9-21.4 16.2-18.0 
C8 A (LV %) 17.5 29.6-30.9 18.5-20.5 20.0 18.6 
Cg A (LV %) 18.0 18.8-20.9 14.2-15.4 11.8 21.0 
C 1 0 A (LV %) 23.0 9.9-13.2 0.5 3.3 11.0 

C5 RON (Clear) 101-103.5 101.6-104.5 99.5-105.3 98.5-101.6 99.4-101 

112 Purity (Mole %) 97-98 93-94 194-97 94.5-96.5 88-89.3

1 Typical values or ranges for multiple pilot plant runs at 150 psig 
2 Hydrotreated only (see Table 2, note 1) 
3 Hydrocracked (see Table 2, note 2) 

The higher naphthenic content in the 
reformer feed results in greater heat of 
reaction (endothermic), higher volume 
yields, more hydrogen by-product, and 
lower yield of light hydrocarbons than in 
conventional petroleum naphtha reform-
ing. More reactors and furnaces would 
be required. Lower space velocity would 
also be needed. 

Catalyst fouling is potentially more 
severe due to a greater concentration of 
dicyclic compounds. The end point of 
the feed to the reformer would have to 
be reduced and carefully controlled to 
limit dicyclic formation. Depending 
upon reforming severity, the end point 
would have to be maintained in the ap-
proximate range of 310-350°F according 
to the authors. 

The authors also reported typical investment costs for a 
20,000 barrel per thy reforming unit. The designs for 
these units were not fully optimized but rather were 
represented as feasible cases useful in comparing the 
various feedstocks for commercial applications. 
Table 5 summarizes the results of this comparison. The 
authors report that the investment figures are based on 
curve-type cost estimates. For gasoline blend stock 
production, they estimate costs to be 25 percent to 30 
percent higher for the coal-derived feedstocks than for 
Alaskan crude based feed. For maximum aromatics 
(BTX) production, they report a 15 percent to 20 
percent greater investment.

"Maximizing Diesel Fuel and Petrochemical Feedstock 
Portetion from H-Coal Syncrudes" by Manudhane, 
Czajkowski, and Sikonia, UOP Process Division 

UOP conducted pilot plant studies of two H-Coal 
liquids and a petroleum feedstock to compare process 
requirements and economics for producing petrochemi-
cal feedstocks and diesel fuel. These two products 
were chosen to represent a wide range of operating 
conditions and economic factors. Both cases require 
significant upgrading to higher-value products, but they 
represent the extremes of desired naphtha-to-distillate 
ratios. 

Feedstocks 

Two coal sources were used to produce the H-Coal 
liquids: Illinois No: 6 coal and an unidentified bitumi-
nous coal described as a reactive and high-ash coal. 
The petroleum feed was derived from Kuwait crude oil. 
Feedstock analyses are summarized in Table 6. The 
coal liquids are much lower in sulfur content but higher 
in nitrogen and oxygen. Aromatic and naphthenic 
contents are much higher for the coal liquids also. 

ft9eç Schemes 

Two processing schemes were evaluated: maximum 
distillate and minimum petrochemical feedstocks 
(BTX). Specific product objectives are summarized in 
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TABLES
	

TABLE 6 

DESIGN COMPARISONS FOR 20,000 BPD FEEDSTOCK PROPERTIES 
HYDROtREATER-REFORMER Kuwait 

Alaskan Crude U-Coal H-Coal 
H-Coal H-Coal SRC-I1 Crude - (illinois) (Higti-Ash) (Uhinois) (Wyotkl (W. Va.)

Pull Boiling Range 
Gasoline,	 Stode

API Gravity 35.7 19-7 27.4 Product, BPD 17,800 17,700 17,600 17,000 ASTM Distillation It) 
Naphtha Boiling Range (°P) 150-360 150-350 150-I50 150-360 IBP/1016 80/140 57/113 52/100 
RON (Clear) 800 tOO 100 98 30%/50% 216/315 190/253 177/216 
H2 Made (MM SCPD) 42 36 34 26 70%/90% 371/438 293/349 250/344 
H2 Net (MM SCPD) 22 25 14 22 EP 565 460 474 
Investment ($MM) Hydrogen (Mt %) 13.4 10.2 10.48 Hy,frotreater 30 21 30 20 Sulfur (Mt %) 1.63 0.2 0.065 Reformer 35 35 35 ........32 Nitrogen (Mt %) 0.04 0.44 0.187 

Total Investment 65 62 65 50 oxygen (Mt %) - 1.80 0.90 
Naphtha EP Assumed (°C) 165 050 150 

Maximum Aromaties Naphtha Content (Lv %) 19 16 22.5 
Dist. + Gas Oil (Lv %) 81 84 77.5 

Naphtha Boiling Range N) 150-320 150-320 150-320 150-320 
Aromatic, (Lv %) 79 77 75 75 Naphtha 
Petrochemicals (BPD) 11.500 17,000 16.800 16,000 

Bensene 1,600 2,200 2,900 1,000 API Gravity 59.8 45.6 49.1 
Toluene 3,800 4,000 3,600 3,400 Hydrogen (Wt %) - 12.8 13.1 
Xylenes 3,300 2,700 2,500 3,600 Sulfur (Wt %) 0.038 0.08 0.04 
03 1,500 1,700 1,000 1,000 Nitrogen (Wt %) 0 0.06 0.04 
Cg. A 3,900 2,500 2,600 3,000 Oxygen (Mt %) - - 0.09 
Ralfinate 3,600 3,900 4,200 4,000 Parafflrm (Lv %) 65 14 10 

H2 Made (MM SCFD) 44 38 35 28 Naphthenes (Lv %) 21 62 63
113 Net (MM SCFD) 24 28 15 24  AromatIc, (Lv %) 14 20 22 
Investment (8MM) Olefins (Lv %) - 4 5 

Hydrotreater 30 30 27 10 
Reformer 43 43 43 38 DIstillate 
Aromatic, Separation 35 35 _j .-.....fl API Gravity 30.9 15.3 22.0 

Total Investment 108 105 108 90 Hydrogen (Mt %) - 9.8 10.15 
Sulfur (Wt %) 1.94 0.22 0.06 
Nitrogen (Mt %) - 0.503 0.20 
Oxygen (Wt %) - 2.08 1.00 
Non-Aromatic, (Lv %) 56 24 27 
Aromatic, (Lv %) 44 76 73 

TABLE 7

PRODUCT OBJECTIVES 

Target For Comparative Specifications 
This Study USA No. 2D Foreign 

- 338 367 
370 - - 
0.5 0.5 0.6 

40 40 45 
92 - -

Maximum Diesel Fuel 

Distillation 90% (v/v) 
Recovery (Max °C) 

End Point ("C) 
Sulfur Content (Max Wt %) 
Cetane No. (Mm) 
Gasoline RON, Clear 

Maximum Petrochemical Feedstock 

Maximize BTX Content 

Table 7, while Figures 2 and 3 show the respective now 
schemes. In the maximum BTX case, there is no diesel 
or gasoline produced. Rather, the 1500C+ material is 
hydrocracked to extinction and the hydrocracked naph-
tha is blended with the straight-run naphtha feed to the 
reformer. In the maximum diesel fuel case, the flow 
schemes are somewhat different for the coal and petro-

leum liquids due largely to the higher aromatics content 
of the former. Hydrocracked naphtha from coal can be 
blended directly into the gasoline pool, whereas petro-
leum hydrocracked naphtha must be reformed. The 
coal derived diesel product must be hydrotreated to 
saturate aromatics. 
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FIGURE 2 
FLOW SCHEME FOR MAXIMUM BTX FEEDSTOCK 
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FIGURE 3 
FLOW SCHEME FOR MAXIMUM DIESEL FUEL CASE 

r—CR PRODUCT a.-..., 

	

I6O°C	 NAPHTHA 	 I 

	

-	 HA.	 I	 I 

FRACTIONATfl	

HY 
IBP	

DROTREATER	 PLATFORMER I 	 - GASOLINE 

DI	 I	 I® 
CHARGE 
STOCK	

I 
_______	

ISP-I6O°C 

(COAL) OR 
I st C-E	 [IONA 

346°C-EP (PETR.) 

DIESEL DIESEL 
PRODUCT  [N	 PRODUCT 

(1) APPLIES FOR PETROLEUM CASE.  
APPLIES FOR COAL LIQUIDS CASES.: 

440	 SYNTHETIC FUELS REPORT, JUNE 1983



TABLE 8
	 TABLE 9 

PRODUCT YIELDS AND PROPERTIES
	 PRODUCT YIELDS AND PROPERTIES 

(Maximum BTX Case)
	

(Maximum Diesel Fuel Case) 

Kuwait 
Crude It-Coal fl-Coal 

(Illinois) (High-Ash) 

Net 112 Consumed (F/BbI) 549 1,476 949 Net 11 2 Cssuned (F/E,l) 
FroAsot Yleith (WI % Of Change) Proóiet Yleith (Wt % Of Change) 
NH3, 1120, 1125 1.8 2.8 1.2 NH3, 1120,1128 
C l-C3 9.8 12.9 12.3 CI-C3 (74-05 31.6 25.4 22.8 C4 
C6, 57.8 61.3 65.3 C5-150't To Gasoline Blending 

Total 101.0 102.4 101.6 I50-370t Diesel Fuel 
Total 

Product PropertIes 
API Gravity 34.5 32.4 32.4 Product Properties 
Aromatic. (Vol %) Diesel 

Benzene 7.0 21.6 22.3 API Gravity 
Toluene 19.0 30.5 30.0 Cetane Number 
C8 Aromatics 22.7 28.0 26.8 Gasoline Blending Component 
Cg Aromatic. 20.2 14.6 15.1 API Gravity 

Tots Aromatic. 68.9 94.7 94.2 RON Clear

Kuwait 
Crude It-Coal H-Coat 

(Illinois) (High-AO) 

357 2,590 1,842 

1.4 2.7 1.1 
3.3 1.0 1,2 
3.3 0.7 1.1 

22.8 18.5 25,3 
69.8 81.3 74.3 

100,6 104.2 103.1 

40.9 33.4 36.3 
57 35 38 

52.8 41,8 43.7 
94.6 95.7 94.5 

Maximum BFX 
Production Case Results 

The pilot plant results reported in the paper demon-
strate the effect of the higher aromatics content of the 
coal liquids. The hydrocracker yields of C6+ naphthas 
were on the order of 80 percent by volume for all three 
liquids, but the aromatics content of the coal liquids 
was around 35 percent versus only 9 percent for the 
petroleum case. The RON (clear) values were about 30 
units higher for the coal liquids (mid 90s versus mid 
LOs). The combined reformer feedstock was roughly 85 
Percent aromatics and naphthenes for coal liquids and 
only 42 percent for petroleum naphthas. Overall pro-
duct yields and properties are summarized in Table 8. 
The authors reported vastly superior products from coal 
compared to the products derived from petroleum, and 
the coal liquids yields were much higher. 

Maximum Diesel Fuel Case Results 

Table 9 summarizes product yields and properties for 
the maximum diesel fuel case. The differences be-
tween the two coal liquids are more pronounced than in 
the maximum BTX case, although both yielded more 
diesel product than the petroleum case. There is a very 
significant increase in hydrogen requirements for the 
coal liquids largely due to the hydrotreating step need-
ed for aromatics saturation of the diesel fuel.

TABLE 10 

ESTIMATED ERECTED COSTS
(Million 1982 Dollars) 

Kuwait 
Crude H-Coat H-Coal 

(illinois) (High-Ash) 

maximum BTX 
Naphtha Hydrotreater 3.6 7.1 8.3 
Ptatformer 35.3 30.8 31.9 
Hydrocracker 52.5 72.2 59.8 

Total 91.4 110.1 100.0 
Catalyst Inventory 7.61 10.69 6.74 

Maximum Diesel Fuel 
Naphtha Hydrotreater 3.6 7.1 8.3 
Platformer 13.3 9.1 10.4 
Hydrocracker 29.9 52.0 40.9 
All Unlbon 0 15.5 23.0 

Total 46.8 93.7 82.6 
Catal yst Inventory 2.77 8.54 6.05

ilaais 

I.	 U.S. Golf Coast; second quarter 1982 
2. No offsites 
3. 25,000 DPSD feed to main fractionator 
4. Curve-type cost estimate 

Economics 

UOP's estimates of estimated erected costs for the 
three feed and two product cases are summarized in 
Table 10. In each case, distillate upgrading accounted 
for the majority of the cost. For maximum diesel fuel 
operation, the investment for the coal liquids cases 
ranged from 175 to 205 percent of the investment for 
the Kuwait crude oil case. For the maximum BTX case

(more severe operations with larger hydrocracker and 
reformer), overall capital costs rose, but the percent-
ages for the coal liquids cases were only 110 to 120 
percent of the petroleum case. 
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Operating costs estimated by UOP are summarized in 
Table 11 with the basis in Table 12. The greatest single 
cost element is due to hydrogen.. The less aromatic, 
more saturated H-Coal liquid from high-ash coal re-
quired less hydrogen and showed a lower operating cost 
than the H-Coal liquid derived from Illinois coal. As 
might be expected, the maximum BTX case involves 
lower hydrogen costs since the desired product is high 
in aromatics, although other cost elements are greater 
for the more severe operations of this case. In the 
petroleum case, the increases in these costs more than 
offset the lower hydrogen costs. However, for the coal 
liquids with their great demand for hydrogen, the 
decrease in hydrogen demand causes total operating 
costs to be lower for the maximum BTX operation. 

Table 13 summarizes overall upgrading economics based 
on the difference between product revenue and process-
ing costs. These figures are highly dependent on local 
market factors, but they serve to indicate that products 
derived from coal liquids are competitive with those 
from petroleum for the coals and crude source studied. 
Use of coal liquids for BTX production is more favored 
since the value added is greater for coal liquids than for 
petroleum. Where production is weighted more heavily 
toward diesel fuel, petroleum yields a higher value 
added. However, the authors conclude that the tech-
nology for coal liquids upgrading is available and proven 
and that coal liquids can be considered to replace or 
supplement petroleum feedstocks in many cases.

TABLE 12

BASS FOR OPERATING COST ESTIMATES 

Labor 
Operator $455/CD 
Helper $421/CD 
Supervision 25% 

Utilities 
Power 60 Mills/KWH 
Steam, HP $19.30/1,000 kg 
Steam, MP $15.30/1,000 kg 
Steam, LP $13,00/1,000 kg 
BFW $2.75/1,000 kg 
Condensate $2.40/1,000 kg 
CW $0.11/1,000 kg 
Fuel Fired $6,00/MM BTU 

Hydrogen	 $3.50/MSCP 

Maintenance 4% Of Erected Cost 
Taxes & Insurance 15% Of Erected Cost 
Depreciation 13 Year Straight Line 
Interest 15% Of Erected Cost 
Overhead 60% Of Labor Cost 

TABLE 11

OPERATING COST ESTIMATESI TABLE 13 
(Dollars Per Calendar Day)

ECONOMIC SUMMARY 
Kuwait 
Crude H-Coal H-Coal Kuwait 

(1jun01,) (Fligh-Ash)
 

Crude	 li-coal	 Il-Coal 
(I llinois)	 (High-AslO Maximum a'I'X 

Hydrogen 27,130 122,532 80,782 Maximum BTX Case 
Utilities2 68,689 60,255 59,423 Product Revenue	 48.3	 58.6	 54.9 Catalyst 2,735 3,595 3,849 operating Cost	 7.0 11.3	 9.2 Labor 8,166 6,166 6,166 
Maintenance 10,016 12,085 10,959

Difference 	 43.3	 47.3	 45.7 
Capital 20,245 22,624 21,337 
Taxes & Insurance 3,757 4,524 4,110 Maximum Diesel Fuel Case 
Depreciation 19,262 23,203 21,075 Product Revenue 	 42.4	 42.6	 43.' 

Total 158,000 254,964 206,301 Operating Cost	 3.9	 14.0	 10.9 

$ Per Bbl Feed 7.02 11.33 9.19 Difference	 38.5	 28.0	 32.2 

Hydrogen 30,836 212,827 153,409 
Ulilities2 22,473 39,158 36,889 
Catalyst 990 2,987 1,764 
Labor 6,166 7,918 7,918 - 
Maintenance 5,130 10,259 9,053 
Capital 9,617 19,254 16,972 
Taxes & Insurance 1,924 3,851 3,394 
Depreciation 9,860 19,737 17,408 "Hydrotreating of Solvent Refined Coal-I Naphtha" by 

Total 86,996 316,001 246,867 Asim, Desai, Plantenga, and Sonnemans, Ketjen Cata-
$ Per nbl Feed 3.87 14.01 -	 10.97 lysts 

Single-stage hydrotreating experiments were performed 
1 Basis - see Table 14 - using Co-Mo and Ni-Mo catalysts to process naphtha 2 Power, water, fuel, and credit for Steam derived from the SRC-I process. The authors examined 

the removal of oxygen, nitrogen, and sulfur and evalu-
ated the suitability of the product as feedstock for 
conventional naphtha hydrotreating and reforming.
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Feedstock 

Table 14 compares the properties of SRC-I naphtha 
derived from Western Kentucky bituminous coal with 
other naphthas from syncrudes and petroleum. Oxygen 
content is higher for the SRC-I naphtha while nitrogen 
and sulfur levels are at the upper range of levels found 
in the other naphthas. All of the oxygen was reported 
to be contained in aromatic hydroxyl compounds which 
constituted nearly 40 weight percent of the feed. The 
SRC-I naphtha is relatively high in aromatics but low in 
naphthenes. 

Hydroproessjqg 

Hydrotreating experiments were conducted to deter-
mine whether SRC-I naphtha can be treated with 
commercial hydrotreating catalyst to produce reformer 
quality feed. In a series of experiments designed to 
measure kinetics for various hydroproeessing reactions, 
the authors arrived at the conclusions summarized 
below:

• Severe hydrotreating is required for 
heteroatom removal. 

• Co-Mo catalyst is more active for oxy-
gen and sulfur removal. However, nitro-
gen removal is rate limiting so that 
Ni-Mo catalyst may be preferred in 
some cases. 

Oxygen and nitrogen removal are first-
order reactions. 

Key parameters for the hydrotreating experiments are 
given in Table 15. The authors explain the decrease in 
aromatics content from feed to product by pointing out 
that the aromatic hydroxyl compounds (nearly 40 per-
cent of the feed) are hydrogenated to naphthenic com-
pounds.

The authors report that the high partial pressure of 
water (due to the high oxygen levels in the feed) may 
inhibit the hydrotreating reactions to the extent that 
two-stage hydrotreating may be desirable. In any 
event, multi-stage hydrotreating may be optimal to 
achieve necessary removal of nitrogen and sulfur to 
produce a satisfactory reformer feedstock. Single-
stage hydrotreating yields a product suitable for feed to 
a conventional reformer pretreater. 

"Effects of the Removal of Basic Nitrogen Compounds 
from SRC-Oils on the Activities of Hydrotreatment 
Catalysts" by Wilkinson, Seapen, and Crynes, Oklahoma 
State University 

This paper reports the results of studies to measure the 
effectiveness of acid washing to remove basic nitrogen 
compounds from SRC oils. Washed and unwashed oils 
were hydrotreated for comparison. The tests were 
conducted on SRC-1 process solvent and 51W-11 heavy 
distillate containing about 1 weight percent nitrogen. 

Both hydrochloric and sulfuric acid were used in the 
experiments. The authors report that optimum nitrogen 
removal occurred at about 60°C with a 1 percent acid 
solution used in a 5:1 volume ratio with oil regardless of 
which acid was used. Higher temperatures, acid con-
centrations, and volume ratios yielded only very slight 
improvements in removal. Distribution of nitrogen in 
the various distillation cuts before and after washing 
indicated that the acid washing was most effective in 
removing nitrogen compounds in the lower boiling frac-
tions due apparently to the lower solubility of the 
heavier molecules. Nitrogen removal on the order of 30 
to 35 percent was reported with nearly double that 
level in the lighter boiling fractions. 

TABLE 14

COMPARISON OF SRC-1 AND OTHER NAPHTHAS 

SRC-1 SRC-II H-Coal EDS Petroleum 

API Gravity 35.8 49.7 43.7 38.4 52.3 
Boiling Range (°F) 131-445 107-367 132-396 142-380 135-400 
Sulfur, ppm By Wt 8,770 4,400 1,289 9,978 1,580 
Nitrogen, ppm By Wt 4,800 5,140 1,930 2,097 5.7 
Oxygen, ppm By Wt 63,000 7,814 5,944 13,700 100 
Hydrocarbons (Lv %) 

P 16.9 27.8 16.2 13.2 43.8 
0 1.1 8.4 5.5 9.9 2.2 
N 18.3 36.6 55.5 42.9 32.3 
A 63.7 27.2 22.8 34.0 21.7
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TABLE 15 

EATING PARAMETERS FOR 
81W-I NAPHTHA1 

Temperature (°F) 690-730 
Pressure (psig) 660 
LHSV (hour') 0.7-2.2 
H 2 Consumed (SCF/Bbl) 1,180-1,300 
Product Analyses 

Sulfur (ppm, Wt) 23-160 
Nitrogen (ppm, Wt) 10-168 
Oxygen (ppm, Wt) 185-326 
Paraffins (LV %) 9.7-14.0 
Olaf ins (LV %) 0.6-0.9 
Naphthenes (LV %) 43.7-51.4 
Aromatics (LV %) 38.9-42.1

1 Ranges of figures reported for multiple experiments 

joir_e!.tpg 

The hydrotreating tests for both oils were conducted at 
about 750°F and 1,500 psig with a hydrogen feed of 
about 6,000 SCF per barrel of oil. Unwashed feed and 
acid washed feeds were tested. The authors reported 
that for nitrogen removal, the deactivation rate was 
significantly higher for the unwashed oils than for the 
acid washed feeds. Also, a sharp increase in the 
nitrogen content of the products was reported for the 
unwashed oils as the tests progressed, suggesting cata- 
lyst poisoning. Hydrodesulfurization was somewhat 
adversely affected by acid washing in the case of the 
SRC-I process oil but benefitted from acid washing in 
the case of SRC-11 heavy distillate. The differences in 
each case were relatively small, however. Hydrogena-
tion activity was slightly improved for the SRC-1 
process oil with acid washing but showed little effect in 
the case of SRC-ll heavy distillate. 

The authors reported reactor plugging problems with 
acid washed heavy distillate with both acids. Am-
monium chloride crystals formed with hydrochloric acid 
washed feed, while use of sulfuric acid resulted in an 
unspecified pluggage in an inert zone of glass beads at 
the reactor inlet. 

The authors concluded that acid washing to remove 
basic nitrogen compounds improves catalyst activity 
and life but that poisoning by nitrogen compounds does 
not appear to be the primary catalyst deactivation 
method. (Other researchers have reported that coke 
formation is the primary deactivation mechanism.) 

"Catalytic Upgrading of Solvent Refined Lignite" by 
Kim and Berg, Montana State University 

In this paper, the authors report the results of hydro-
treating experiments with solvent refined lignite (SRL) 
from Zap, North Dakota. In laboratory scale studies,

SRL continlng 87.42 percent carbon, 5.67 percent hy-
drogen, 1.01 percent nitrogen, 0.98 percent sulfur and 
4.86 percent oxygen was first pretreated to convert it 
from solid to liquid. This step consisted of solution in 
tetralin under high pressure and temperature. 

The authors then hydrotreated this solution over a 
variety of catalysts composed of M003, CoO, and W03 
on an alumina base. Conditions in the trickle bed 
reactor were constant for all runs at 425°C, 1,000 psi, 
10000 SCF per barrel H2, and LH5v=1.0 hour -f . Based 
on their analysis of the data, the authors concluded that 
optimum denitrogenation would occur with a catalyst 
composed of 10 percent M003, 4 percent CoO, and 6 
percent W0 3 . Denitrogenation would occur to the 
extent of around 75 percent. Results reported for 
desulfurization were similar in that optimum catalyst 
composition was nearly identical and roughly the same 
level of desulfurization could be accomplished. 

Analysis of the degree of hydrocracking (i.e., upgrading 
of hydrogen content) achieved in the experiments was 
reported to imply an optimum catalyst composition of 9 
percent M00 3 and 4 percent W03 with the level of CoO 
having little effect. Yields of up to 35 percent 380°F 
end-point naphtha and 80 percent of total liquid pro-
ducts were reported possible under the laboratory con-
ditions. 

CRIP TEST UPCOMING FOR TONO BASIN 

A "Controlled Retracting Injection Point" (CRIP) tech-
nique will be tested in August in a Tono Basin coal seam 
near Centralia, Washington. The technique is designed 
to overcome problems reported in earlier tests of 
underground coal gasification (11CC) conducted in 1982 
by Lawrence Livermore National Laboratories (LLNL), 
Washington Irrigation and Development Company 
(WIDCO), Pacific Power & Light, and the State of 
Washington under Department of Energy (DOE) sponsor-
ship. 

1982 Test Results 

Five different UCG tests were conducted to determine 
the effects of steam and oxygen (or air) ratios. The 
tests were intended to measure characteristics of UCG 
which could not be studied in laboratory scale experi-
ments but which would not require a full-scale field 
test run to completion. Five small blocks were 
prepared so that smaller-scale field tests could be 
carried out and the cavities opened for inspection at 
the end of each test. The tests were reported by LLNL 
to have successfully answered many questions about 
UCG. A brief summary of the test results is given as 
follows: 

• The burn cavity shape appeared to be 
independent of injection gas composition 
or flow rate. 
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• The product gas composition was insensi-
tive to the steam/oxygen ratio and flow 
rate. However, slagging posed a serious 
plugging problem at ratios below 1.0. 

• Data indicated that the burn proceeds by 
oxidation of rubble formed as dried coal 
collapses in the presence of hot gases. 
Burn cavities tended to be higher than 
wider because of growth by shrinkage-
induced collapse. 

The first tests involved drilling vertically and attempt-
ing to burn horizontally across the coal seam. How-
ever, as the third conclusion above indicates, the cavity 
tended to grow upward rather than across so that the 
combustion zone moved to the top of the seam and left 
most of the coal unconverted. An approach was thus 
needed to take advantage of this tendency by drilling 
horizontally and recovering vertically. In the last of 
the five tests, a version of CRIP was tested by relocat-
ing the injection point after the cavity reached the top. 
A new burn zone was successfully established, and the 
results suggested that a longer test would result in 
improved gas composition and production.

retracted an appropriate distance and ignited again to 
perforate the pipe and start a new combustion zone at 
the base of the seam. The process is repeated along the 
entire base of the combustion zone, thus avoiding the 
earlier problem of the combustion zone running across 
the top of the seam and leaving most of the coal 
unconverted. CHIP is claimed to be more thermally 
efficient because it is always burning in virgin coal. It 
should be much more controllable since the flame is 
constantly reignited at the base of the coal seam. 

Upcoming Two Basin Test 

The CRIP system will be tested in August using a 
16 foot thick by 200 foot long portion of a Tono Basin 
seam new Centralia. The DOE will provide $2 million 
funding while WIDCO and Pacific Power & Light will 
provide $1 million worth of services (roads, site prepar-
ation, etc.). The test is targeted to produce 11 million 
standard cubic feet per day of gas from 2,000 tons per 
thy of coal. 

CRIP Technique 

The CHIP system (see Figure 1) involves drilling hori-
zontally along the base of the coal seam. A metal pipe 
is placed in the hole. A propane burner is used to burn 
open the pipe so that air (or oxygen) and steam can flow 
into the coal. The coal will be allowed to burn, 
producing medium-BTU gas, until the cavity grows 
upward to the top of the seam. The burner tip is then
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PEAT PRODUCTION TECHNIQUES 

A report prepared under contract to the United States 
Department of Energy (DOE) describes the development 
of conceptual designs for the production of peat. The 
report, "Development of Conceptual Designs for Peat 
Production Systems," DOE/ET/14104-T2, October 1982, 
was prepared by Foster-Miller, Inc., of Waltham, Mass-
achusetts. 

The study was primarily directed toward deposits of 
peat in Minnesota, Alaska, and Florida. Table 1 sum-
marizes the peat resource of those three states and 
compares those resources with the total United States 
resource of peat. From Table 1, the three states 
contain over 68 percent of the United States peat 
resource. Other states with significant deposits of peat 
include: Michigan, North Carolina, and Virginia. The 
potential energy available from the peat deposits of the 
three states listed on Table 1 is over 960 quadrillion 
BTU. This is the energy equivalent of over 48 billion 
tons of coal with a heating value of 10,000 BTU per 
pound. For purposes of this report, dry peat was 
considered to have 50 weight percent moisture and a 
heating value of 4,500 BTU per pound. 

The term peat encompasses a wide variety of organic 
debris. The peat has accumulated in areas where the 
ground water level has prevented oxidation of the 
organic debris. Typical peat will have an in situ water 
content of 90 weight percent. Dewatering and drying 
the peat to a moisture content that will provide a 
viable heating value is therefore of primary concern. 
The report presents the results of the study to identify 
conceptual designs for peat production systems capable 
of supplying 3 million tons of dried peat per year for 
direct combustion. Peat has a long tradition as a 
domestic fuel in Europe and a more recent history of 
commercial scale exploitation for power generation in 
Ireland, Finland, and the Soviet Union. The report 
evaluates the applicability of existing and proposed 
equipment and combinations of equipment used in sur-
face mining, construction, agriculture, and foreign (pri-
marily European) peat harvesting to large scale peat

production systems. The evaluations were based on: 
productivity, cost effectiveness, product suitability, en-
vironmental effects, health and safety, etc. A final 
cost evaluation was then made to determine which 
system would perform optimally in which geographical 
and physical environment. 

Peat harvesting methods can be subdivided into dry 
methods and wet methods. Dry methods of harvest are 
for peat which has a moisture content of 50 weight 
percent or less. Generally, dry methods of harvest will 
require ditching or some other method to drain (de-
water) the peat to 50 weight percent or less of water. 
Wet harvest methods are methods of harvesting peat 
with 90 or above weight percent water. The six novel 
peat harvesting systems selected by Foster-Miller Inc., 
for the detailed cost evaluation are listed on Table 2 
along with the major components of those systems. 
Two other systems, conventional milling and conven-
tional sod, were added to the detailed cost evaluation 
to provide two more production scenarios. The two 
conventional methods would only be applicable to dry 
harvesting and represent current peat harvesting prac-
tice. 

Table 3 is a summary of the detailed cost evaluation. 
Costs shown in Table 3 do not include: taxes and royal-
ties, pre-production costs, stockpile costs, resource 
acquisition, or reclamation. The table clearly shows 
that peat harvesting in Florida is less expensive by any 
one of the systems than harvesting in either Minnesota 
or Alaska. 

The overall conclusion from the study is that peat can 
compete with conventional fuels for bog-side applica-
tions such as peat-fired electric utility boilers. More 
study will be necessary to solve indicated problem areas 
such as wastewater treatment and other environmental 
concerns. The wet harvesting methods appear to be the 
most efficient; however, drying the peat to a viable 
moisture content (50 weight percent) may be an obsta-
cle to large scale commercial development. 

TABLE 1 

SUMMARY PEAT RESOURCE OF FLORIDA, 
MINNESOTA AND ALASKA 

Total Percent Percent Peat Energy 
State Peat of Total of U.S. Potentially 

State Acreage Acres State Peat Lands Available 
(Million) (!Tilli6n) (Quads) 

Alaska 377.5 25.0 6.6 49.4 686 
Florida 37.5 3.0 8.0 5.9 82 
Minnesota 53.8 7.2 8.4 13.4 198 

Total 35.2 68.7 966
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TABLE 2

SIX NOVEL PEAT HARVESTING SYSTEMS 

Method/System Major Components 

Dry Harvesting 
Improved Milling Bridge structure 

Vacuum pickup 
Railcar haulage 

Improved Sod Harvesting Improved bagger 
Full bog utilization 

Deep Milling Light round pressure miller 
Loading bridge 
Railcar haulage 

Wet Harvesting 
Full Face Continuous Bucket wheel excavator 

Shiftable conveyor 
Support on mineral layer (bed 
rook) 

Full Face Cyclic Large hydraulic excavator 
Bog foot light ground pres-

sure support 
Shiftable conveyor 

Slurry Barge Barge-mounted cutter dredge 
Surge tank 

- Improved slurry injector 

TABLE 3

SUMMARY OF COSTS FOR EACH PEAT HARVESTING SYSTEM 
Total 

Annual Cost ($MM)	 Annual Production 
Method/System	 State	 Operating Labor	 Costs	 Costalji_ 

TUThY (C iWMMBTtJ) 

Dry Harvesting 
Conventional Milling Florida	 1.9 2.5 8.4 12.8 47 

Minnesota 2.5 2.5 12.3 17.2 64 
Alaska	 3.1 2.6 14.6 20.3 75 

Conventional Sod Florida 	 2.9 5.1 10.3 18.3 68 
Minnesota 5.4 5.1 19.9 30.4 113 
Alaska	 4.4 5.4 22.7 32.6 121 

Bridge Miller FlorIda	 3.7 3.4 7.5 14.5 54 
Minnesota 4.7 3.4 8.2 16.1 61 
Alaska	 6.4 4.2 14.8 25.4 94 

Improved Sod Florida	 3.3 7.6 20.6 31.5 117 
Minnesota 6.3 11.3 40.3 57.9 214 
Alaska	 4.9 7.5 45.2 57.6 213 

Deep Milling Florida	 4.7 6.7 3.8 15.2 56 
Minnesota 6.8 8.7 5.4 18.6 
Alaska	 5.8 6.5 6.6 18.7 

Wet Harvesting
Bucket Wheel Excavator	 Florida	 2.0	 1.8	 4.0	 7.8 29' 

Minnesota 3.1	 1.8	 6.7	 11.6 43' 
Alaska	 4.4	 1.7	 9.0	 15.2 56' 

Hydraulic Excavator 	 Florida	 2.1	 1.9	 2.6	 6.5 24' 
Minnesota 2.8	 0.6	 3.8	 8.3 30' 
Alaska	 4.01.6	 5.6	 11.1 4l 

Slurry Barge	 Florida	 1.5	 3.3	 2.4	 7.2 27' 
Minnesota 2.6	 3.1	 4.2	 9.9 37 
Alaska	 3.3	 3.0	 7.2	 13.5 50' 

(1)	 Production costs in cents per million SF13 assume a heating value of 
4,500 BTU per pound at a moisture content of 50 weight percent. 
Production costs for semi-dry and wet peat do not Include the cost of 
drying to 50 weight percent moisture. The report estimates that drying to 
50 weight percent will cost an additional $0.50 to $1.00.
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COGENERATION USING COAL GASIFICATION 

Cogeneration using coal gasification was one of several 
topics discussed in the Office of Technology Assess-
ment's (OTA) recent publication "Industrial and Com-
mercial Cogeneration." Other topics addressed in-
cluded: cogeneration technologies; industrial, commer-
cial, and rural cogeneration; interconnection require-
ments; environmental, social, and fuel savings implica-
tions; and policy considerations. 

Gasifiers can be used to convert coal, petroleum coke, 
or other solid fuels to medium-BTU gas (about 300 to 
400 BTU per standard cubic foot) for distribution to 
cogenerators (or other facilities). Gasification could 
centralize the use of solid fuels, and thus eliminate 
cogenerators' need for coal storage and handling facili-
ties. However, OTA concludes that gasification is not 
yet a proven technology, although both small- and 
large-scale systems are being demonstrated. Whether 
such a scheme will be successful is heavily dependent 
on the capital costs, which are still highly uncertain. 

Development of a central gasifier would eliminate the 
need for industrial firms to handle coal on their plant 
sites. Utilizing a central gasifier to serve a region, it 
would be possible to provide medium-BTU gaseous fuel 
to 50 to 100 industrial plants. It can be transported 
economically over a reasonable distance, and is cheaper 
than premium synthetic natural gas. Onsite, the indus-
trial plants associated with such central gasifiers would 
only have relatively compact cogeneration systems that 
would entail no more accessory buildings and equipment 
than present oil or gas fueled cogeneration systems. A 
central gasifier that produced medium-BTU gas could 
serve a region up to about 100 miles in radius—the 
distance over which medium-BTU gas can be trans-
ported economically. 

An example of the central gasifier/remote generation 
concept cited in the OTA report is the system proposed 
for central and southern Arkansas to serve as many as 
35 industrial sites from a central coal gasification faci-
lity located at the Arkansas Power & Light Company 
(AP&L) White Bluff coal-fired generating station. The 
initial central gasifier module would burn petroleum 
coke or Illinois No. 6 coal to produce approximately 
120 billion BTU of gas per day. The as-spent cost of 
this module, for a design and construction time of 
76 months, and with commercial operation beginning in 
mid-1988, is estimated at $1.8 billion. This initial 
module could supply fuel for combined-cycle cogenera-
tors that would produce 400 to 475 megawatts of elec-
tricity and 1.6 to 2 million pounds per hour of steam, 
depending on the conditions at each industrial site. 
Four central gasifier modules of this size—producing 
460 to 480 billion BTU per day of medium-BTU 
gas—would be required to supply the 35 industrial 
steam users identified by AP&L as the primary cogen-
eration candidates in its service area. With the central 
gasifier concept, these 35 cogenerators would use 
6 million pounds per hour of process steam and produce 
up to 1,700 megawatts of cogenerated electricity. The 
synthetic gas would be piped as far as 100 miles to user 
sites with combined-cycle cogeneration systems.

The OTA researchers conclude that "cogenerators will 
have to use relatively inexpensive and plentiful fuels 
(such as coal, biomass, or solid wastes) in order to be 
economically competitive with utility generating capa-
city over the long run (10 to 20 years and beyond). In 
the short term, it is possible that cogenerators may be 
able to rely on natural gas as a transition measure until 
synthetic gas from coal or biomass becomes widely 
available at a competitive price. However, If gasifier 
technology or planned advances in the fuel flexibility of 
cogeneration technologies are not available as soon as 
expected, or synthetic gas is not competitive in price 
with natural gas, this strategy could lock cogenerators 
into premium fuel use for many years." 

Hence, the OTA report recommends that special atten-
tion should be paid to the development and demonstra-
tion of gasifiers that would convert solid fuels to syn-
thetic gas onsitc, or for transport to the cogeneration 
site. 

UCG DATA BASE IS AVAILABLE 

The Lawrence Livermore National Laboratory, under 
United States Department of Energy (DOE) Contract 
W-7405-Eng-48, has developed a data base consisting 
of the results from fourteen DOE sponsored under-
ground coal gasification (UCO) field tests. 

Their report "Underground Coal Gasification Data 
Base," UCID-19169 Rev. 1, published in November 1982 
contains results of material energy balances and pro-
cess parameters for each test. Computer tapes of the 
entire data base may be requested from the authors, 
R. J. Cena, C. B. Thorsness, and L. L. Lott, through the 
Lawrence Livermore National Laboratory. 

These tests include three by Lawrence Livermore Na-
tional Laboratory near Gillette, Wyoming; eight by 
Laramie Energy Technology Center near Hanna, Wyom-
ing; two by Gulf Research and Development Company 
near Rawlins, Wyoming; and one by Morgantown Energy 
Technology near Prieetown, West Virginia. 

A summary of all DOE sponsored tests covered by the 
data base is shown in Table 1. 

Input to the data base consist of pertinent process 
parameters as a function of time for each experiment. 
Such data includes: system flowrates, stream composi-
tions, temperatures, and pressures. Sub-surface diag-
nostic measurements have not been included because of 
size constraints. (The authors note that these data are 
available from the respective laboratories responsible 
for the tests). Raw data are arranged in a standard 
formatted file called EXP. Material and energy bal-
ance results, calculated from the data in !EXP, are 
stored in a second file called !RED. In the hard-copy 
report the authors provide a section describing the 
procedure used for developing the energy and material 
balances. 
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TABLE 1

SUMMARY OF DOE SPONSORED UNDERGROUND COAL GASIFICATION FIELD TESTS 

UCCI 
Data Base Well 

Test Abbreviation Dates Spacing Linking Technique Coal Type 
(Decimal Days) 

Laramie Energy Technology Center - Henna Wyoming Site 

Henna I HA 1 3-29-73	 to 3-22-74 30m Reverse combustion C Bituminous 
(88 to 446) (60 It) 

Henna II, Phase 1A HA2.1A 5-21-75	 to 7-11-15
IBM

Reverse combustion C Bituminous 
(141 to 192) (100 f  

Henna LI, Phase 18 HA2.1B 7-11-75	 to 8-28-75 iBm Reverse combustion C Bituminous 
(192 to 240) (60 it) 

Henna II, Phase!! HA2.2 12-03-75	 to 5-31-76 iBm Reverse combustion C Bituminous 
(337 to 152) (60 ft) 

Henna II, Phase III HA2.3 5-31-76	 to 7-31-76
IBM

Reverse combustion C Bituminous 
(152 to 213) (60 Ct) 

Henna 
III

HA3 6-07-77	 to 8-27-77 IBM Reverse combustion C Bituminous 
(157 to 211) (60 ft) 

Henna 1V.A HA 4A 1-24-18	 to 6-04-78 30m Reverse combustion C Bituminous 
(24 to 155) (100 f  

Henna IV.B HA 4B 4-20-79	 to 7-12-79 30m Reverse combustion C Bituminous 
(110 to 193) (100 ft) 

Lawrence Livermore National Laboratory - Gillette, Wyoming Site 

Hoe Creek I HCI 10-15-76	 tolO-26-76 lOm Explosive fracturing Sub-Bituminous 
(289 to 300) (34 ft) 

Hoe Creek II HCII 10-14-77	 tol2-25-77 18m Reverse combustion sub-Bituminous 
(287 to 359) (60 ft) 

Hoe Creek II HCIII 8-14-79	 tolO-10-79 30m Drilled hole Sub-Bituminous 
(226 to 283) (100 f  

Morgantown Energy Technology Center - Pricetown, West Virginia Site 

Pricetown I PRT1 6-09-79	 tolO-05-79 17m Reverse combustion Bituminous 
(160 to 284) (57 ft) 

Gull/TRW - Rawlins, Wyoming Ste 

Rawlins 1 RAWL 1 10-24-79	 tol2-05-79
IBM

Drilled hole/Reverse Steeply dipping 
(297 to 342) (60 ft) combustion Sub-Bituminous 

Rawlins 2 RAWL 2 8-23-81	 toil-11-81 76m Drilled hole/reverse Steeply dipping 
(235 to 315) (250 ft) combustion Sub-Bituminous
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INTERNATIONAL 

UNDERGROUND COAL GASIFICATION-A NEW 
WAY FOR THE EUROPEAN INDUSTRY 

At the Second Worldwide Synfuels Symposium held in 
Brussels on October 11-13, 1982, Mr. P. Ledert, 
Director, Institution pour le Development de Is Gasifi-
cation Souterraine, presented a paper entitled "Under-
ground Coal Gasification: A New Way for the European 
Chemical Industry." 

The failure of underground gasification to achieve in-
dustrial development is attributed by the author to the 
following: 

• The rock walls forming the Internal sur-
face of the gas generator are not neces-
sarily gas or airtight.

Recent exploration for natural gases has also shown 
large deep deposits of coal stretching from the Ruhr to 
England. Several research groups have been formed to 
explore developments of UCO at depths of 1,000 to 
5,000 meters. Belgium and Germany have joined to-
gether in one venture, and France has set up an 
Underground Gasification Study Group (GECS). Partici-
pants include Gaz de France, Charbonnages de France, 
Institut Francais du Petrole and the Bureau de 
Recherches Geologiques et Minieres. Great Britain's 
Mining Research and Development Establishment of the 
National Coal Board is conducting investigations in that 
country. 

• The coal is present as a compact seam, 
which limits the total reaction surface. 

• The circuit in which the underground gas 
generator is installed may be several 
kilometers long, thereby offering consi-
derable resistance to the flow of the 
gases. 

An underground gasification technique using multiple 
faces (Figures 1 or 2) has been adopted to overcome 
these handicaps, but the results obtained from this 
method are rather poor. The calorific value of the gas 
is relatively low at 4,000 KJ per cubic meter, thermal 
efficiency is only 50 percent, and the useful power from 
a single borehole is only 2 to 10 MW according to the 
author.

High pressure operation is one of the biggest improve-
ments in coal gasification of extracted coal. Transition 
to great depths should provide an air and gas-tight 
generator capable of operating at high pressure. The 
author lists three advantages of high pressure gasifica-
tion:

• Increased flow of gas proportional to the 
pressure 

• Increased reaction rates at higher pres-
sure 

• Less energy is required to compress the 
gasification media than to compress the 
product gas because the combustion pro-
cess increases the total number of 
moles. 

FIGURE 1 

MULTIPLE -FACE GASIFICATION 
IN A STEEPLY DIPPING SEAM. 
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The author recommends considering carbon dioxide and 
oxygen as the gasification media because of the diff i- 
culty in recovering waste heat when using steam and 	 TABLE 1 
oxygen. Table 1 gives predicted limit values for the 
gasification yields and gas analyses which can be ex- 
pected in a gasification working operating under a 	 PREDICTED RESULTS FROM GASIFYING 
pressure of 30 bar using as gasification medium a 	 AN ANTHRACITIC COAL 
mixture of 50 percent oxygen and 50 percent steam,

	

	 7% Volatile Matte 
(Gasification Pressure 30 Bar) and a mixture of 50 percent oxygen and 50 percent  

carbon dioxide.

Gas production from a seam 1 meter thick could reach Gasifying Medium 50%02+ 50%02+ 50,000 normal cubic meters per hour.	 At a calorific 50% CO2 50% Steam value	 of	 8,000	 to 10,000	 KJ per	 cubic meter the Injection Temperature 25°C 250°C thermal power is 125 megawatts. 	 Gas production from Equilibrium Temperature 1,027°C 1,080°C a double	 unit	 could reach 250 megawatts which is 
comparable to the biggest gas generators built today Composition of Raw Gas: for	 the	 treatment	 of	 extracted coal. 	 The author

11.1 3.7 estimates that a single borehole could consume as much CO	 (%) 74.5 58.4 as 1,150 tons per thy. For three months a total surface H2	 (%) 10.1 32.9 area of 9 to 10 hectares would be required. CH4	 (%) 2.4 2.0 
Figure 3 shows the general appearance of an under- H2O	 (%) 1.9 3.0 
ground gasification working at great depth. 	 The work- LHV (NJ/normal m 3 ) 11,360 11,640 ing comprises two twin rise faces. 	 The faces are 
400 meters in total length and are fed with gasification 
media via vertical boreholes drilled along the edges of LHV Gas 
the panels to be worked. The gas from the two faces is n G	 =

LHV Coal Used
88.0 89.2 

extracted via the same borehole which is connected to 
the faces by boreholes drilled in the thickness of the

02 Used (Moles/Mole 0.245 0.227 seams, of Gas)
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Costs are then seen from Figure 5 to be some 20 
percent lower than the cost of gas from imported coal 
and 35 to 40 percent lower than gas produced from 

FIGURE 3 
LAYOUT OF A 

GASIFICATION WORKING. 

INJECTION BOREHOLE FOR 
QASIFICATION NEDIA 
SORE-OLEO FOR oleTaleuTsoN 
OF GAIIFICATION MEDIA 

S GAS

Two methods are theoretically possible for blocking out 
the working 

S Directional drilling from the surface 

• "Mixed method," in which the boreholes 
linking the underground gas generator to 
the surface are used solely for injecting 
the gasification media and extracting 
the gas. Preparation of the working is 
carried out from a series of tunnels 
driven by conventional methods. 

The author states that the mixed method is currently 
available for all deposits of depths between 1,000 and 
2,000 meters. Figure 4 shows such a working. 

Figure 5 presents a first assessment of the cost of a gas 
of medium calorific value and compares it to the cost 
of gas produced by conventional methods from ex-
tracted coal. The author breaks down the cost as 
follows: the fixed cost of some $2.80 for the operation 
and depreciation of the plant, and the cost of coal 
which can vary from $4.20 for European coal to $2.70 
for imported coal. The cost per GJ of gas by the mixed 
method includes a larger portion of fixed costs. The 
cost of coal in situ is assumed to be zero. Operating 
cost charged to the cost of gas is the electric current 
used to produce the oxygen employed as gasifying 
medium.

FIGURE 5 
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CURRENT STATUS OF THE BELGIAN-GERMAN 
UNDERGROUND COAL PROJECT IS DESCRIBED 

The Institution pour le Developpement de la Gazeif lea-
tion Souterraine presented a paper at the Eighth Under-
ground Coal Conversion Symposium in August 1982 re-
porting on the current state of the joint Belgian-
German project. 

At presentation time, the reverse combustion process 
was in progress between the central well and one of the 
peripheral wells (Figure 1). Communication test with 
nitrogen had been concluded. Figure 2 is a flowsheet of 
the reverse combustion equipment. Results of the tests 
are summarized as follows: -	 THULIN TI 

El	 I

NA 

%t 

THu LII	 ThULIN n 

FIGURE 1 

WELL PATTERN 

• Natural permeability of the coal at Thu-
lin is low. 

• Permeability of the coal differs at each 
well. 

• The use of high fluid pressure can im-
prove the permeability by a factor of 
100. 

• The minimum injection pressure is about 
215 bar, which corresponds to the pres-
sure of the overburden. 

• Fracturing phenomena only occurred 
during the water acceptance test and not 
during the nitrogen acceptance test. 

• The permeability values calculated based 
on nitrogen are 30 to 70 percent greater 
than these calculated based on water. 

• The * difference in behavior between the 
test with water and nitrogen seem to 
result mainly from the physical charact-
eristics of water and nitrogen.
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Results of the permeability tests are presented in 
Tables 1 and 2.

TABLE 1 

PERMEABILITY ACCORDING TO
WATER INJECTION TESTS

(Millidarey)

Permeability 
Well Number	 1	 2	 4 

Water Acceptance	 0.009 0.037 0.077 
Fall Off	 0.003 0.011 0.024 

Communication tests were conducted from Novem-
ber 1981 to January 1982. Tracer tests with helium and 
xenon were also conducted to find out the now proper-
ties. Results are summarized in Table 3. Based on the 
nitrogen communication test results, reverse combus-
tion would be initiated between well 1 and 2. 

The ignitor operation was conducted in April 1982 by 
injection of air into well Thulin 2. Temperature of the 
air ranged from 2000 to 400°C. In May reverse combus-
tion was initiated by air injection into well Thulin 1 at a 
rate of 550 normal cubic meters per hour. Recovery at 
Thulin 2 was 40 to 80 cubic meters of nitrogen per hour. 
Analysis of the gas oscillated about the following 
values:

Percent 

02 18.5 
CO2 1.8 
CO 0.1 
H2 0.3 
CH4 2.1

Spontaneous ignition of the coal at the bottom of well 
No. 1 occurred which increased flow resistance, and a 
reduced gaseous flow of well Thulin 2. The fire was 
successfully extinguished by water injection. At the 
time of the report the well had returned to the reverse 
combustion mode.

TABLE 2 

PERMEABILITY ACCORDING TO 
NITROGEN INJECTION TESTS 

Well Number	 1	 2	 3 

Eiperimental Conditions 

Injected Flow (m 3N/hr)	 316	 253	 329 
Duration of Injection (hr) 	 112	 86.5	 184 
Pressure of Injection (Bar)	 227	 213	 215 
(Level of the Seam) 

Permeability (Millidarcy) 

Calculated from: 
Gas Acceptance Test	 0.280 0.868 1.372 
Pressure Fall Off Test	 0.196	 0.47 1.318 

COAL GASIFICATION IN FRANCE 

A paper "Major Problems, First Results and Projects of 
Underground Gasification of Deep Coal in France" was 
presented at the eighth underground coal conversion 
symposium, August 1982. 

The paper was presented by the Study Group on Under-
ground Gasification of Coal (GEGS) whose aim is to 
achieve gasification of coal at depths of approximately 
1,000 meters which is inaccessible by current mining 
methods. 

The report provides a description of the results from 
laboratory and pilot plant experiments by the group. 
These results are to be used to provide criteria for 
selecting a site for gasification. 

TABLE 3 

RESULTS OF NITROGEN COMMUNICATION TEST 
BETWEEN THE WELLS THULIN 1, 2, and S

Thufin I •Tbulin 2 Thuile 2 .ThuIIn 3 Thulin 3 ..7huiin 2 
Units Injection—Production Injection. Production Injection. Production 

Mean Wellhead Prtre Bar 206 195 193 

Mean Injected flow .3H/Hr 3:6 253 329 

Mean Recovery Rate 7.2 2.2 0.78 

Maximum Recovered now m3N/Hr 30 7.0 3.5 

Mean Residence Time Tracer Hr 5 Hr 43 Min 28 Hr 17 Min 32 Hr 45 Min 
Test

- 
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The group examined the economic feasibility of deep 
coal gasification prior to field work. They report that 
to provide a substitute natural gas at a cost of less than 
0.15/KWH (FF), more than 6,000 tons of coal must be 
gasified between two welts (Figure 1). For a 2 meter 
thick seam at 70 percent recovery the wells must be 
over 60 meters apart. From these results, GEGS 
directed their efforts at creating links between wells 
sufficiently far apart so that the demonstration is 
economically valid. 

The group lists key technical problems as: 

• Inability to obtain a thorough working 
knowledge of the natural condition of 
the seam and surrounding rocks because 
of the depth of formations 

• Deep coal is almost impermeable; there-
fore, the link must be artificially 
created 

• Incomplete understanding of the involved 
phenomena and their interactions in the 
gasification process. 

A working program was set up to study these various 
problems and included in situ pilot plants, laboratory 
and theoretical work. 

The authors list four main phases in choosing the 
experimental site: 

• Investigating the geological environment 

• Drilling specific exploration wells 

• Analysis of natural fracture in the rock 
mass 

• Determining the geotechnical properties 
of the coal and surrounding rock. 

These steps are currently being used at the Haute-
Deule site in the Nord-Pas-de Calais mining basin. 

The authors report that by using a combination of at 
least two logging procedures (density and resistivity, 
for example), water and ash contents can be satisfac-
torily defined (Figure 2). Normal hydraulic tests can be 
used to assess the coal permeability and to reveal 
impervious characteristics that are useful when setting 
up hydraulic fracturing. The authors describe addition-
al testing in the paper. 

The report discusses in some detail the tests carried out 
in their studies of linking methods. Methods under 
consideration include hydraulic fracturing, electro link-
ing and directional drilling. 

Results from an electro linking study are presented. In 
the field test conducted in March 1982, electrodes 
located 10 meters apart were successfully linked in 14.5 
hours. Total energy consumption was reported as 10 
mwh.

FIGURE 1. 
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The results of coal oxidation tests are used in elaborate 
numeric models to determine how long it will take 
before self ignition occurs (Table 1). 

The authors report they are currently developing 
models for the combustion and gasification processes. 
The first types of representation are based on already 
known physical diagrams. 

Figure 3 is a schematic of the combustion process. The 
burnt space forms a chamber in which it is assumed 
that both gas concentration and temperature are homo-
geneous. The products are evacuated toward the re-
covery well via the channel, where they continue to 
react with the coal for as long as the conditions 
encountered allow it. 

The authors report that three types of experiments are 
in progress or preparation: 

• Experiments to define constants required 
for model building 

• Experiments to validate the models 

• Parametric experiments to guide in situ 
trials. 

Studies have been conducted on reverse combustion 
with coal core samples. Hydraulic fracturing combined 
with reverse combustion is the current method avail-
able to link two wells and as a result, consideration of 
self ignition and reverse combustion tendencies must be 
included in any assessments of gasification sites. 

The authors report that the aims of the Bruay an Artois 
site have been reached and the GEGS is proceeding to 
develop a new site known as Haule-Deule. The new site 
is made up of coal with very different characteristics 
than that at the Bruay site. Experiments will be 
carried out over a five-year period and will Include the 
onsite construction of a gasification pilot plant. Work 
began in 1982 with the drilling of two exploration wells. 
Another well will be drilled at the chosen site 60 
meters from the exploration well in the direction that 
is supposed to give the best results.

TABLE 1 

IGNITION DELAY FOR VARIOUS COALS 

P02 Ignition Delay 
(bar) (day) 

Bruay-en-Artoi, Haute-Deule HnutrDetile 
Coal Seam 'P" Seam 'B' 

5	 15 7,5 10 

:0	 12 5,5 1,0 

20	 10 4,0 5,0 

50	 7,5 2,5 3,0 

Rate of oxidation; 

Bruay-en-Artois coal K - 3.105 (Po2)0 . 3 r 

Haute-Deule seam 'P' K a 190 (?0)015 c 10300 

Haute-Deule Sean 'B' K a 70 (P02)0.5	 05800

The authors conclude, based on the present work, that 
the gasification process will be successful only if link-
ing channels, with high hydraulic conductivity, are 
effectively created between the wells. The main means 
of linking is still hydraulic fracturing coupled with 
reverse combustion. Studies will continue on other 
linking methods such as electro linking and directional 
drilling. 

FIGURE 3. 

SCHEMATIC DIAGRAM OF GASIFICATION 
BOUNDARY LAYER 
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TABLE 2 

EQUILIBRIUM COMPOSITION OF GASEOUS 
PRODUCTS AT CONDITIONS OF

MAXIMUM CONVERSION 

Reactor Conditions 
Pressure (Bar) 60 
Temperature (OC) 430 

Products (Volume Percent) 
CH4 50.9 
C2H6 4.8 
CO2 39.5 
H2S

Total 100.0 

BRAZILIAN LIQUEFACTION STUDIES 

Laboratory studies of liquefaction of two coals from 
southern Brazil were reported by researchers from 
COPPE/UFRJ at the August 1982 International Coal 
Conversion Conference in Pretoria. In what the authors 
described as preliminary studies of liquefaction vari-
ables, coal samples from the Leao and South Catarina 
coalfields (see Table 1) were pulverized to -65 to 
+100 mesh and slurried with tetralin in a 4.5 to 1 tetra-
lin/coal ratio. The slurry was reacted in a batch system 
with hydrogen at temperatures in the range of 3500 to 
430°C and pressures of 55 to 145 bar (800 to 2,100 psia). 
Maximum coal conversion was reported to occur at the 
upper end of the temperature scale and at pressures 
around 60 bar (870 psia) for both coals. Conversion was 
found to be sensitive to temperature but not signifi-
cantly affected by pressure except at the lower tem-
peratures in the range. The rate of reaction was 
improved by decreasing the particle size of the coal. 

TABLE 1
TABLE 3 

ANALYSIS OF SOUTHERN BRAZILIAN 
COAL SAMPLES
(Weight Percent)

ANALYSIS OF OIL AFTER SOLVENT DISTILLATION
FOR MAXIMUM CONVERSION CASE 

South 
Leao	 Catarina

Carbon 56.4 56.9 
Hydrogen 4.0 4.0 
Sulfur 1.0 0.6 
Nitrogen 1.8 2.2 
Oxygen 3.5 5.0 

Total 100.0 100.0 

Volatiles 32.8 24.8 
Fixed Carbon 33.9 43.9 
Ash 33.3 31.3 

•Total 100.0 100.0

Reactor Conditions 

Pressure (Bar) 60 
Temperature (OC) 430 

Products (Weight Percent) 
Carbon 85.30 
Hydrogen 6.96 
Nitrogen 1.36 
Sulfur 0.48 

Total 94.10

H/C Ratio (Mole)	 1.0 

H/C Ratio in Original Coal	 0.85 
Analyses of the gas and liquid products is shown in 
Tables 2 and 3, respectively. Higher temperature and 
longer reaction time were reported to favor methane 
formation in the gaseous products. Although overall 
conversions were reported to be fairly high (on the 
order of 70 to 80 percent), yields were low apparently 
due to the high ratio of tetralin to coal used in the 
study. Other conclusions highlighted by the researchers 
include the following: 

• High disintegration rates were observed 
for coal particles. Rates increased with 
increasing temperature and decreasing 
particle size. 

• Higher reaction temperatures and pres-
sures decreased sulfur and nitrogen 
levels in the liquid product. 

• The aromatics content of the hydrogen 
was significantly increased.
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ENVIRONMENT 

CHARACTERIZATION AND DISPOSAL OF COAL 
GASIFICATION WASTE PRODUCTS 

TRW, Inc., (consultants) issued a report in December 
1982 prepared for the Gas Research Institute (CR!) 
assessing the potential environmental issues of solid 
waste disposal of coal gasification wastes. The report, 
authored by Chassemi, Richard, Hero, Crawford, and 
White of TRW, detailed the primary objectives of the 
study:

• Review of available data on coal gasifier 
plant wastes. 

• Survey of pertinent federal and state 
solid waste disposal regulations. 

• Review of land disposal designs for pro-
posed coal gasification projects and the 
technical evaluation techniques.

• Rationale for a Phase II program. 

• Formulation of a Phase II program. 

Ghassemi, at al, analyzed solid wastes from five gsif i-
cation technologies: Koppers-Totzek (K-T); dry ash 
Lurgi, Texaco, U-Gas, and Westinghouse. Gasification 
ash and slag was identified as the most important waste 
stream in a commercial facility. Additional wastes 
analyzed included boiler ash and scrubber sludges, tars, 
spent catalyst, and wastewater treatment sludges. The 
ash/slag waste stream is the largest volume generated 
by coal gasification (see Table 1). EP toxicity tests 
available to the authors indicate that the EPA consi-
dered the ash non-hazardous waste. Table 2 gives 
compositional data of ash for three technologies. 

TABLE 1

PRINCIPAL SOLID WASTES PRODUCED IN AN INTEGRATED COAL GASIFICAITON PLANT 

Waste Streams 

From Main Process Train 

Ashes/slags and chars 

Spent catalyst and 
guard materials 

From Auxiliar y Process 

Boiler bottom and fly 
ash 
Coal fines* 

From Pollution Control 

By-Product Tar* 

Biological sludge 

Chemical precipitation 
sludge 

Flue gas desulfuriza-
tion sludges/solids 

Spent catalysts 

Sulfur 

Sludges/Solids

Source 

Gasification, quench and 
dust removal 

Shift, methanatiom units, 
sulfur guard 

Auxiliary steam and power 
generation 

Screening operations in 
feed preparation 

Gas liquor separation units 

Biological wastewater 
treatment 

Wastewater treatment 

Boiler 1GB systems 

Sulfur recovery and tail 
gas treatment units 

Sulfur recovery units 

Wastewater treatment

Pollutants of Concern 

Leachable trace elements, 
toxic organics 

Leachable trace elements, 
toxic organics 

Leachable trace elements, 
potential dust emissions 

Leachable trace elements, 
potential dust emissions 

Toxic organics 

Leachable trace elements, 
toxic organics 

Leachable trace elements 

Leachable trace elements 

Leachable trace elements 

Leachable trace elements, 
toxic organics 

Leachable trace elements, 
toxic organics

Percent of Total
Waste Volume 

45 - 75% 

<1% 

10 - 20% 

1 - 10% 

5 - 15% 

3 - 5%

1%

10 - 25%

0.1%

0.5%

10 - 20% 

*
Based on available data, these wastes are produced only in the Lurqi aasification process. 
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TABLE 2

CHEMICAL COMPOSITION DATA FOR LURGI, U-GAS AND TEXACO COAL GASIFICATION ASH 

Stream	 Texaco siag(ir	 Lurol Ash(2.3)	 li-GAS Ash) 
Parameter	 Illinois 06	 Kaiparowits	 ibntana	 Kosovo	 Illinois	 Kentucky 

	

Coarse	 Fine	 Coarse	 Fine	 Rosebud	 Lignite	 06	 19 

ilajor COITpOneflts. wt 
Ash	 99.30	 65.14	 99.91	 61.52	 90	 94	 94.6	 89.4 
Carbon	 1.19	 32.39	 0.40	 17.21	 6.5	 I.?	 -.	 6.9 
Hydrogen	 0.023	 0.31	 0.16	 0.01	 --	 0.25 
Sulfur	 0.83	 2.08	 0.0	 0.09	 --	 0.15	 0.6	 2.0 

Trace (lements, pp.. wt 
Antimony 0.9 0.9 <0.5 '0.5 6.2 MD 4.2 -. 
Arsenic 15.0 20.5 30 22 26 75 3 2.45 
Barium 33 31.5 3200 2650 1900 -- 950 334 
Beryllium 7.5 6.6 2.2 2.3 2.8 2.5 12 
Boron - -- 63 40 380 -- 355 
Chlorine 10 44 6 300 -- -- 100 
Cadmium 5.0 6.7 0.32 0.40 2.4 69 -1.6 - -
Chromium 1790 842 2100 1450 440 160 212 422 
Cobalt 125 85.5 13 9.7 4.3 17 34 23 
Copper 81 90 49 48 130 40 57 -_ 
Fluorine 45 210 80 230 600 -_ '10 
Lead 30 4? 0.9 2.8 40 52 45 
Manganese 614 525 380 300 790 -- 1859 1602 
Hercury 0.15 .	 0.095 0.18 0.28 0.03 0.30 0.05 
Molybdenum 64 98.5 2.3 7.6 200 6.9 30 45 
Nickel 229 267 39 34 200 320 89 --
Selenium 14 17.5 0.76 4.0 2.2 24 cl -_ 
Silver 0.1 0.2 '0.3 0.6 0.23 -- 4.4 --
Thallium 0.3 0.3 1.0 8.4 -. MD 4.6 
Vanadium 340 280 180 140 93 100 184 420 
Zinc 65 425 13 26 32 2.1 400 --

Ash removed from the gasification chaSer by quench water is separated into a coarse and a fine 
traction. Coarse slag consists of glassy fragments varying trot, 1/16 to 1/2 inch in diameter. 
Fine slag can be recycled back to the gasifier or discrded with the coarse slag. 

TRW identified several major concerns during the 
study. Although the EP toxicity results were below, 
hazardous levels, TRW recommended further analyses 
of the long-term effects of leaching from the ash. 
State-of-the-art, site specific disposal design in handl-
ing the gasifier ash was suggested rather than use of 
current proposed disposal plans. The report also indi-
cates a large uncertainty among federal and state 
agencies regarding future requirements for disposal. 
Most proposed disposal designs (landfill or pond) assume 
the gasifier ash to be classified as non-hazardous. 
Table 3 lists key parts of disposal designs for several 
proposed facilities. 

A Phase II program was suggested to GRI In the report. 
Tasks recommended for a second phase include: 

• Waste source/technology selection 

• Work plan development 

• Waste acquisition 

• Laboratory leaching and field studies 

• Engineering evaluation and environmen-
tal assessment of results 

• Issuance of report.
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TABLE 3 

KEY FEATURES OF LAND DISPOSAL DESINGS ASSOCIATED WITH
PROPOSED COAL GASIFICATION PLANTS 

Pt.J.cI 4a ft.,.4	 14,llI,.lI.s	 i.jI. !ZflL!I'	 I! l.y (ho..'. •l .0*0. i,... .4.4,0's, lad 1414	 l*cs.lny	 6-1k.	 01	 ii. Slit. kit. 14 1.,Il,.111l 1.1.11 P.,.' I lug Si' It - AilIflIl $dI;fli.. Ia.., 

Cal 11.14.,	 Ill ,.lId SlIIluni	 -- "Oil. S	 .-- si.... .'.... *11., 
II, •,.I..I ('I	 111111 14*IdII1 lId .1115 *4.4-,.t q..11 . l..'Ia SI 5.5 .nll,.iIa 41.111y 1.I,.i 5.4*4 ,,, p1.1.4 II	 I.	 *404 II...l II. ...I.Ip. I? t......4. ,lli... Ml *l...l,.d 1511 1-IS,. I.	 a, 1S Mlii .541*44*1

siIcI.pIl.I- 
l.t.l lila IS 1.11 .411., Iii' I'd 4.111,1 .411 
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DRAFT £15 ISSUED BY BLM FOR COMPETITIVE 
LEASING IN SAN JUAN COAL REGION 

The Bureau of Land Management issued in November 
1982 the Draft Environmental Impact Statement (DEIS) 
on competitive coal leasing for the San Juan Coal 
Region in northwestern New Mexico. The leases of 
interest are shown in Figure 1. - 

The DEIS examined five lease alternatives: 

Descriotion 

No Action	 No competitive leasing; 26 exist-



ing leases 
By-Pass	 8 competitive tracts leased 
Minimum Surface	 11 competitive tracts leased 

Owner Conflicts 
Target
	

24 competitive tracts leased 
High
	

39 competitive tracts leased

The major environmental concerns and impacts of each 
alternative are given In Table 1. Air quality, water 
resources, wildlife, and American Indian concerns ap-
pear to be the major issues. 

The BLM designated the target alternative as the one 
which would best meet the nation's requirements for 
coal although it did adversely impact the region's 
environment. Comments on the DEIS were received 
through February 1983. The regional lease sales are 
scheduled to begin in September 1983. Although the 
EIS proposed the target alternative as the preferred 
leasing arrangement, the Secretary of the Interior can 
choose to issue alternative leasing arrangements. 
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HOE CREEK WATER QUALITY 
EXPERIMENTS COMPLETED 

Scientists from Lawrence Livermore National Labora-
tory (LLNL) have essentially completed water quality 
experiments at the Hoe Creek underground coal gasifi-
cation (UCG) facility near Gillette, Wyoming. Approxi-
mately 60 wells have been monitored in the region over 
the past several years. As of February 1983 the project 
was complete except for further analysis of several 
recent samples. Results of these tests will be available 
in late spring. 

Lawrence Livermore National Laboratory has identified 
135 compounds produced by UCG activities that have 
persisted in the local groundwater for 15 months after 
the nearest gasification experiment. These compounds 
consist of aromatic acidic, neutral, and basic corn-
pounds of low molecular weight that probably represent 
the water-soluble component of a more complex or-
ganic mixture deposited in the aquifer. These results 
have been reported in several papers by F. T. Wang, 
S. W. Mead, D. H. Stuermer, and other LLNL staff at 
the Underground Coal Conversion Symposium and other 
journals during 1982. 

General 

Environmental information concerning the underground 
coal gasification process has been accumulating since 
the earliest UCG experiments. Russian publications, 
for example, comment on the presence of phenols in a 
sizeable area surrounding a gasification site. In the last 
few years, a growing concern over environmental mat-
ters generally has led to increasing and specific efforts 
to explore the possible adverse environmental effects 
associated with UCG. 

The existence of new environmental regulations specifi-
cally addressing the UCG technology has also sharpened 
interest in the environmental implications of UCG and 
to direct attention to particular kinds of environmental 
effects. Most of the efforts to assess the environmen-
tal significance of UCG have been confined to investi-
gations of groundwater contamination resulting from 
residual combustion products and roof caving and subsi-
dence phenomena. 

Site-Specific Factors 

The LLNL researchers believe that it is increasingly 
apparent that the environmental implications of 13CC 
are critically dependent on the characteristics of the 
site and the process and that the growth of a commer-
cial UCG technology will be most effectively advanced 
if decisions concerning site selection criteria and pro-
cess characteristics are made with a knowledge and 
understanding of possible environmental consequences. 

The Hoe Creek experiments demonstrate important 
kinds of environmental effects that can occur in con-
nection with 13CC, and that may occur (perhaps over a

longer time period) even at some more favorable loca-
tions. For example, the researchers have found that 
the extensive roof caving and the aquifer interconnec-
tions that occurred in connection with Hoe Creek 
Experiments II and III must be avoided in future UCG 
operations (probably by more restrictive site selection 
criteria). Studies of the environmental consequences of 
these experiments have helped to clarify the nature of 
suitable site characteristics. Studies of groundwater 
changes and subsidence effects under these special 
conditions have also provided important general insights 
concerning the mechanisms involved in contaminant 
deposition, sorption, and transport. 

Groundwater Contamination Mechanisms 

Residual reaction products that lead to groundwater 
contamination were divided into two groups by the 
researchers—the inorganic constituents of the coal ash 
and the primarily organic species produced by pyrolysis. 
Following gasification, cavity gas pressures are reduced 
and the groundwater returns to the cavity and leaches 
inorganics from the residual ash and from rubble that 
has collapsed into the cavity during gasification. Natu-
ral groundwater now or increased water movement 
resulting from convection or aquifer interconnection 
carries some of the dissolved inorganics into the coal 
aquifer. However, the study concludes that the produc-
tion and dispersal of the pyrolysis products that remain 
underground after gasification are more complex and 
seem to involve multiple mechanisms. 

One environmental concern associated with UCG tech-
nology is the contamination of local groundwater with 
leachates of the residual ash that remains in the 
gasification cavity and with organic and inorganic 
vapors that escape to the surrounding underground 
formation. These concerns have stemmed in part from 
study results of large-scale 13CC projects conducted in 
the Soviet Union during the late 1950s and early 1960s 
that have shown groundwater contaminants resulting 
from these projects to be widespread and persistent. 
More recently, UCG experiments in the United States 
have been conducted, and groundwater contamination 
new these sites has also been observed. Examples 
include discovery of phenols in water near the Price-
town I UCG test in West Virginia, inorganic and organic 
contaminants in the groundwater at two UCG experi-
mental sites in lignite coals near Fairfield, Texas, and 
contamination in groundwater at the Hoe Creek UCO 
sites in northeastern Wyoming. 

It has been observed that sorption of contaminants on 
aquifer substrates is an important mechanism that acts 
to decrease the concentration of contaminants in 
groundwater over time. However, the LLNL 
researchers believe that certain contaminants are not 
sorbed sufficiently to alleviate the concern for their 
transport in groundwater aquifers, and it is important 
to define which contaminants these are. Experiments 
at the Fairfield site showed a decrease in organic 
contaminant concentration and a change in composition 
over time which suggests that phenols and low mole-
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cular weight aromatic hydrocarbons persist In solution 
while less soluble components such as three-, four-, and 
five-ring aromatic hydrocarbons are removed by sorp-
tion. LLNL observed a similar change in concentration 
and composition over time in the neutral organic conta-
minants in groundwater at Hoe Creek. 

Observations 

Results of experiments are summarized in Tables 1-3. 
The acidic compounds observed in the wells were a 
rather simple mixture of phenols with minor amounts of 
aromatic carboxylic acids, aldehydes, and ketones. 
Both the total concentration of acids and the relative 
concentrations of individual compounds were extremely 
variable, but the same components were present in all 
samples.

The neutral compounds consisted mainly of alkyl-substi-
tuted benzenes, indans, and naphthalenes with smaller 
amounts of ketones, thiophenes, and furans. The total 
concentration of neutral compounds in the three water 
samples ranged only from 5,300 to 9,000 ppb, a surpri-
singly narrow range compared to an approximately 200-
fold range for the acidic components. 

The basic fraction consisted almost entirely of alkyl-
substituted pyridines, quinolines, and isoquinolines with 
small amounts of aniline isomers. Very low concentra-
tions of basic compounds were observed in well WS-6 in 
comparison to wells WS-10 and W-la. 

TABLE 1

COMPARISON OF HOE CREEK EXPERIMENTS 

Hoe Creek I Hoe Creek! Hoe Creek III 

Linking Method Explosive Reverse Directional Drilling + 
Fracturing Combustion Reverse Combustion 

Well Separation (feet) 33 60 130 
Coal Gasified (tons) 130 2,300 4,200 
System Pressure 30 47 43 

(psia)' 
Feed Gases Air Air Oxygen/Steam 
Gas Loss (percent) 7 20 14 
Forward Gasification 11 48 54 

(days) 
Overlying Coal Gasified	 No Yes Yes 
Extensive Roof Collapse	 No Yes Yes 
Surface Subsidence No No Yes

* System pressure is the pressure maintained in the gasification 
cavity during operation.
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TABLE 2 

ORGANIC CONTAMINANTS 04 REPRESENTATIVE 
HOE CREEK WELLS 15 MONTHS AFTER THE 

NEAREST GASIFICATION EXPERIMENT 

Concentration by Gas Chromatography 
pb) 

We11 Acids Neutrals Bases 

Wia 4,600 6,800 33 
WS6 230 10,000 5.5 
WS10 44,000 6,400 240 

Major Compound Clan Present in Each Fraction 

Acids	 Neutrals	 Bases 

Phenols	 Benzenes	 Pyridines 
(Carboxylic Acids)"	 Naphthalenes	 Quinolines 

Indans	 Isoquinolines 
(Thiophenes)	 (Aniline) 
(Ketones) 

• W-la: Felix No. 1; 27 m (88 ft) from Hoe Creek 
ill 

injection well 
WS-6: Felix No. 2; 17 m (55 ft) from Hoe Creek II injection well 
WS-10: Felix No. 1; 17 m (55 ft) from Hoe Creek H injection well 

• * Parentheses indicate minor constituents 

TABLE 3 

NDWATER CONTAMINANTS RESULTING FROM 
UCG (AT HOE CREEK) THAT MAY BE OF 

ENVIRONMENTAL SIGNIFICANCE 

Maximum Concentrations 
Species	 After 15 rim. After 40 mo. 

Inorganlca 

Sulfide 57 23 
Ammonium 26 22 
Thiocyanate - 0.5 
Fluoride 9 8.4 
Boron (Borates) 2 1.3 
Cyanide 0.1 0.05 

Organics

Low Molecular Weight Phenolic Compounds 	 41	 8 
(phenol, naphthol, and their derivatives) 

Low Molecular Weight Aromatic Hydrocarbons	 15	 - 
(benzene, naphthalene, and their derivatives) 
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According to the authors, analyses of samples during 
the experiment indicate the following. 

Phenol levels are significantly above the 
inferred pre-gasification levels in these 
wells and their presence may provide 
important information concerning the 
transport of phenols produced in the 
UCG process. Furthermore, the data 
suggest that measurable amounts of con-
taminants may have moved past the site 
boundary. 

Contaminant sorption by coal may not be 
as effective as first believed. A graph 
showing the rapid disappearance of the 
phenolic contaminants in wells new Hoe 
Creek I has been widely publicized. 
More recent data, Figure 4, seem to sug-
gest limits to the effectiveness of the 
process (probably sorption) that led to 
the rapid initial decrease. Phenol levels 
four years after gasification were 
roughly 100 times baseline values and 
are decreasing slowly, if at all. The 
appearance and persistence of phenols in 
wells that are hundreds of feet from the 
nearest gasification zone is further evi-
dence that the sorption process has limi-
tations that need to be recognized. 

The existence of coal outcrops suggests 
a possible mechanism by which ground-
water contaminants released into coal 
seams may eventually reappear in stir-
face waters. 

• Surface subsidence restoration plans 
have been developed that, when carried 
out, should help to eliminate concern 
about the significance of this subsidence 
or the possible occurrence of additional 
subsidence. 

Although sorption by the surrounding 
coal is likely to be an important factor 
in controlling the movement and persis-
tence of the groundwater contaminants, 
sorption cleansing has significant limita-
tions and supplementary control mea-
sures may be desirable under some cir-
cumstances.
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RESOURCE 

INTERIOR'S COAL LEASING POLICY UNDER FIRE 

Allegations that the Department of the Interior's (DO!) 
coal leasing policies are not achieving fair market value 
for federal coal have been gaining strength in the last 
few months. Two reports concerning coal lease sales in 
the Powder River Basin were recently released that 
added to the controversy. One report by the staff of 
the House Appropriations Committee was issued in late 
April 1983. The study found that DOl received approxi-
mately $60 million less for the Powder River tracts 
than the true value because proprietary data were 
leaked to industry and because of the use of the 
experimental entry-level bidding system. However, 
DOI officials dismissed the study as being a political 
document. 

A second report, by the Government Accounting Office 
(GAO), could not find any evidence that proprietary 
data were leaked or that, if data were leaked, they had 
any effect on the outcome of the lease sales. However, 
the GAO analysis showed that 001 received approxi-
mately $100 million less than the fair market value for 
the Powder River tracts that were sold in April and 
October 1982. The report also recommended that DOl 
not conduct any further coal lease sales until certain 
changes in the procedure are implemented. The result 
of the GAO analysis are summarized in the following 
article entitled "GAO Report Criticizes Federal Coal 
Leasing" in this issue of the Pace Synthetic Fuels 
Report. 

Partly due to the conclusions in these two reports, the 
United States Congress has been studying the coal 
leasing program. The House of Representatives has 
twice attempted to stop the scheduled lease sales. 
First, the House Appropriations Committee voted to 
forbid DO! to use funds for coal lease sales in the 
remainder of fiscal year 1983 (until September 30, 
1983). The four-month moratorium would have halted 
the scheduled sale of federal coal in the Fort Union 
region. However, the Senate Appropriations Commit-
tee voted to reject the temporary ban. 

In a second attempt to temporarily halt federal coal 
leasing, the House voted to suspend coal leasing in 
fiscal year 1984 (beginning October 1, 1983) until an 
independent commission completes a study of the coal 
leasing program. The temporary moratorium wascon- 
tained in the House fiscal 1984 spending bill for DO!. 
To date the Senate has not voted on the 1984 spending 
legislation. The governors of six western states where 
most of the federal coal is located have divided opin-
ions of the moratorium. Governors Ed Herschler of 
Wyoming, Scott Matheson of Utah, and Allen Olsen of 
North Dakota all want to continue the coal leasing 
program. However, Governors Toney Anaya of New 
Mexico, Ted Schwinden of Montana, and Richard Lamm 
of Colorado are reportedly in favor of delaying the 
leasing program, depending on the conditions of the 
moratorium.

In the preparation of the 1984 fiscal spending bill, the 
House Committee on Interior and Insular Affairs con-
ducted an oversight hearing on the federal coal leasing 
policies. The testimony by several witnesses at the 
hearing are summarized in a third article entitled "DOl 
Defends Coal Leasing Policy" in this issue. 

GAO REPORT CRITICIZES FEDERAL COAL LEASING 

On May 11, 1983 the Government Accounting Office 
(GAO) issued a report entitled "Analysis of the Powder 
River Basin Federal Coal Lease Sale: Economic Valua-
tion Improvements and Legislative Changes Needed." 
GAO's analysis of the Powder River Basin sale was 
requested by Representative Edward J. Markey, Chair-
man of the Subcommitte on Oversight and Investiga-
tions of the House Committee on Interior and Insular 
Affairs, and by Senator Max Baucus. The Congressmen 
requested GAO to analyze the Powder River sales for 
the following 

• Violations of the law stemming from the 
release of proprietary data. 

• Basis for changing the bidding system 
used at the April28, 1982 coal lease 
sale. 

• Lease valuation methods used by the 
Department of Interior (DOI). 

• New coal leasing regulations issued by 
DOl on July 30, 1982. 

• Fair market value for leases sold at the 
April 28 sale and the follow-up sale held 
on October 15, 1982. 

Release of Proprietary Coal Data 

Shortly after the April 1982 coal lease sale, a great 
deal of controversy arose over allegations that proprie-
tary data concerning coal lease valuations were leaked 
to industry. The primary evidence of the alleged 
disclosures was one memo on March 26, 1982 from the 
Regional Manager of 001's Minerals Management Ser-
vice (MMS) to MMS headquarters. In analyzing the 
available information, GAO could not confirm that any 
disclosures of proprietary data occurred or that, if 
disclosures did occur, they affected the outcome of the 
coal lease sale. GAO did fault 001 for not investigat-
ing the allegations before the April 1982 sale actually 
occurred. 
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Basis for Changing the Bidding System three factors in the model lead to results that predict 
values for the leases that are too low. 

In early March 1982, DO! decided to investigate the use 
of a new bidding procedure to be potentially used at the 
April 28 sale. The concept was to establish minimum 
entry level bids and allow competition through oral 
bidding at the sale to establish the value of each lease, 
hopefully higher than the minimum entry level bids. In 
previous coal lease sales, DOl established fair market 
values for each lease prior to the sale. The major 
problem with establishing fair market values for the 
tracts prior to the sale was that federal coal had not 
been sold in the region for over 10 years due to a 
federal coal leasing moratorium dating from 1971. 
Hence, the new system was envisioned to establish the 
fair market value of each lease after the sale was 
completed and, thus, would use the most current data 
available (i.e., number of bidders for each lease, bids 
for other leases in the sale, etc.). However, at the 
April 28 lease sale B of the 11 tracts offered for lease 
received only one bid and the other 3 tracts only 
received two bids each. 

At the October followup sale, DO! attempted a second 
system that used a sealed minimum bidding system. 
The new system established minimum acceptable bids 
as in the April sale, but allowed only one sealed bid per 
company (no oral bidding). The premise of this second 
system was that if a company had only one chance to 
bid on a tract, the company would submit its highest bid 
to acquire the lease. However, only one bid each was 
received for the two coal leases offered at the October 
sale. 

Hence, GAO concluded that the systems did not work as 
designed because very little competition existed for the 
leases. GAO also faulted DOl for implementing a new 
system so close to the actual date of the sale (approxi-
mately six weeks before the April sale). However, GAO 
found that despite the problems, the accepted bids for 
the two sales totalled $67.2 million compared to DOPs 
original minimum bid estimates of $70.7 million. 

Lease Valuation Methods 

Perhaps the most controversial portion of the GAO 
report concerns their analysis of the value of the leases 
issued from the Powder River sales. GAO estimates 
that the leases were sold for approximately $100 mil-
lion less than fair market value. As described in the 
following article in this issue of the Pace Synthetic 
Fuels Report,

sm
 DOl officials have responded to this and 

other criticis. However, GAO's analysis is sum-
marized in the following information. 

Due to the lack of recent coal sales data in the region, 
DO! used a model of Powder River mining operations to 
evaluate the value of coal leases. The model simulates 
the effect of the physical mine characteristics and coal 
quality to establish a value for each lease. GAO found 
that "the approach used by the evaluation team, al-
though imperfect and in need of some adjustment, was 
reasonable under the circumstances and provided a 
technically sound basis for estimating the fair market 
value of Powder River tracts." However, GAO believes

In the model, DO! provides for a factor that accounts 
for a production rate adjustment for a lease. This 
adjustment requires the evaluation team to predict 
items affecting production rate such as: 

• Companies that will obtain the leases. 

• Purchasers of the coal. 

• Timing, terms, and conditions of the coal 
supply contracts entered into by the 
lessees with prospective buyers. 

• Production scale-up rates. 

• Impact of the changing coal market and 
general economic conditions on the 
above and other factors. 

GAO believes that because this adjustment involves 
many uncertainties, it should be eliminated. If this 
production rate adjustment factor is removed, GAO 
found that the leases would be valued at $73.0 million 
more than the DO! figures. 

A second factor in DOPs model that GAO takes excep- 
tion with is the small business tax adjustment. This 
factor attempts to account for the possibility that 
certain tracts will be leased to small businesses with 
weaker capital structures. When GAO removed this 
second factor from DOI's model, they found the small 
business tax adjustment reduced the total value of five 
Powder River tracts by $23.8 million. 

Lastly, GAO questioned the DO! policy of reducing the 
value of certain small tracts by 50 percent. The DOI 
logic is that these tracts can be easily by-passed during 
mining and are, therefore, of lesser value than large 
tracts. GAO found that this third factor resulted in the 
devaluation of three tracts totalling $24.9 million. 

In summary, GAO believes that the three adjustment 
factors are not warranted in the DO! model. Because 
the adjustments recommended by DOI must be done in 
the proper order, the three devaluation values of 
$73.0 million, $23.8 million, and $24.9 million are not 
cumulative. In their calculation, GAO determined that 
the tracts were undervalued by DO! by approximately 
$100 million. 

Fair Market Value Determination 

The DO! method of determining fair market value relies 
heavily on data from the sale itself. GAO found that 
this method might be acceptable if enough competition 
existed for the tracts. However, very little competi-
tion occurred at the two Powder River sales. Hence, 
GAO compared their values for the tracts to the bids 
that were actually received. Based on this technique 
and GAO's tract values, GAO found that only one tract 
(Cook Mountain) was sold for an acceptble value and 
that two others (Spring Draw and Rocky Butte) may 
have been acceptable under the circumstances. In 
GAO's opinion all other bids should have been rejected. 
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GAO Recommendations 

GAO concludes that DO! is charged with a very diffi-
cult task of trying to competitively lease coal in a 
market that is non-competitive in many cases. There-
fore, GAO believes certain changes are needed in the 
Minerals Lands Leasing Act of 1920. They recommend 
to Congress two changes: 

• Authorize DOl to negotiate captive 
leases for tracts for which there is no 
competition. 

• Require DO! to publish information it 
acquires during the lease negotiation 
process. 

Leases for new production tracts will continue to be 
offered on a competitive bid basis. 

GAO also has several recommendations for DO! includ-
ing:

• Reconsider the leases that were awarded 
from the Powder River sales and cancel 
the leases that were sold for less than 
fair market value. 

• Postpone further federal coal leasing 
until DO! has developed; 

- A detailed analysis of the econo-
mic and geologic variables affect-
ing the value of a federal coal 
lease, including how changes iii one 
variable affect others. 

- New internal procedures for con-
ducting coal lease valuations, in-
cluding criteria for comparable 
sales analyses. 

- New guidelines for using untried or 
experimental bidding systems at 
regional coal lease sales, including 
limits on the percentage of the 
leasing target permitted under 
such experimentation. 

- Minimum regulatory selling prices 
for coal leases in each Federal coal 
region on a cents per ton basis. 

- Revised fair market value deter-
mination procedures that include 
specific quantitative tests applic-
able whether or not adequate bidd-
ing competition is present and 
placing greater reliance on prior 
comparable sales and recent arm's 
length sales in the absence of bidd-
ing competition at the actual sale. 

• Develop procedures to safeguard pro-
prietary data.

DO! DEFENDS COAL LEASING POLICY 

As described in preceding articles in this issue of the 
Pace Synthetic Fuels Report, the federal coal leasing 
program has been criticized lately. The United States 
House of Representatives has twice tried to suspend 
federal coal leasing by withholding appropriations for 
the program. To study the problems associated with 
the leasing program the House conducted an oversight 
hearing on June 7, 1983. The hearing was held by the 
House Subcommittee on Mining, Forest Management, 
and Bonneville Power Administration of the Committee 
on Interior and Insular Affairs. A great deal of 
testimony was presented at the hearing by witnesses 
who were both in favor of the program and those who 
were opposed to it. Witnesses at the hearing are listed 
in Table 1. 

The first two witnesses summarized the results of 
recent studies of the leasing program. Karen Larsen 
discussed and updated an Office of Technology Assess-
ment report issued in December 1981 entitled "An 
Assessment of Development and Production Potential 
of Federal Coal Leases" that found that more coal 
could be produced from federal leases and existing 
mines than is forecast to be needed. Next, Dexter 
Peach presented the results of the General Accounting 
Office's (GAO) recent study of the federal lease sales in 
the Powder River Basin (see the preceding article in 
this issue). 

The next set of witnesses represented western ranchers 
and surface owners who were generally critical of the 
federal coal leasing program. Their general complaint 
was that many concerns of ranchers in the western coal 
leasing regions do not receive enough attention during 
the lease planning process. 

Perhaps the most informative testimony was presented 
by Garrey Carruthers, Assistant Secretary, Land and 
Water Resources of the United States Department of 
the Interior (DO!). Mr. Carruthers first presented an 
overview of the federal coal management program. He 
explained that only 18 billion tons of federal coal have 
been leased out of federal lands containing 200 billion 
tons. In his explanation of the federal coal leasing 
policy, Mr. Carruthers highlighted DOl's efforts at as-
suringsound economies, environmental safeguards, pub-
lic participation, consumer interests, national security, 
and an improved national economy. 

In the next portion of his testimony, Mr. Carruthers 
attempted to respond to many of the recent criticisms 
of the coal leasing program. He first pointed out that 
the Reagan Administration has leased federal tracts 
containing 2.3 billion tons, which is only 1 percent of 
the Powder River Basin's coal reserves. Additionally, 
he testified that much of the 18 billion tons of coal that 
is already leased may never be developed for a number 
of reasons. 

As to the question of a leak of confidential information 
prior to the Powder River Basin lease sale, Mr. Carru-
thers explained that the memo expressing concern 
about a possible leak was dated one day after the 
information was released to the public. His contention 
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TABLE 1 

WITNESSES AT THE JUNE 7, 1983 OVERSIGHT HEARING 
ON FEDERAL COAL LEASING POLICIES 

Investigations 

Ms. Karen Larsen, Senior Analyst 
Office of Technology Assessment 

Mr. J. Dexter Peach, Director 
Resources, Community and Economic Develop-
ment Division, General Accounting Office 

Ranchers, Surface Owners 

Helen Wailer, Northern Plains Resource Council 
Circle, Montana 

Randolph Nodland, Dakota Resource Council 
Dunn Center, Dakota 

Ed Schwartz, Powder River Basin Resource Council 
Gillette, Wyoming 

Department of the Interior 

Honorable Garrey E. Carruthers, 
Assistant Secretary for Land and Water Resources 

James E. Fassett, Deputy Minerals Manager 
Resource Evaluation, South Central Region Min-
erals Management Service, Albuquerque, New 
Mexico 

Local and Tribal Officials 

Alan Rowland, Chairman, Northern Cheyenne 

Rodger J. Boyd, Director, Representing Navajo Nation 

Lyle Quick, Commissioner-McCoe County, Montana 

Industry Officials 

On Behalf of the National Coal Association and the 
American Mining Congress: 

R. E. Gene Samples, President and CEO, 
Arch Mineral Corporation 

Richard M. Holsten, President 
Pittsburg and Midway Coal Mining Company 

Leo C. Smith, President 
Coast State Energy Company 

On Behalf of Mining and Reclamation Council of 
America: 

Thomas Hoffman, Director, 
Federal Government Affairs, Respresentative, 
Considation Coal Company 

Environmental Organizations 

Karl Gawell, Legislative Representative
National Wildlife Federation 

Brooks Yeager, Washington Representative 
The Sierra Club

Johanna Wald, Senior Attorney 
Natural Resource Defense Council 

Geoff Webb, Legislative Representative 
Friends of the Earth 

Ed Grandis, Director of Citizens Mining Project 
Environmental Policy Center 

Outside Experts 

James Cannon, Independent Analyst 

David Gulley, Columbia University 

was that DO! field personnel simply were not aware 
that the information had been officially released by 
headquarters personnel in Washington, D. C. 

Mr. Carruthers next responded to the two reports that 
criticized the Powder River Basin lease sales. He 
stated that the report by the House Appropriation 
Committee is 'replete with factual errors and is also 
filled with inconsistent economic and other arguments." 
A copy of DOPs response to the Committee report 
listing errors and inadequacies was submitted at the 
hearing. On the other hand, Mr. Carruthers called the 
GAO report much more objective and professional. 
DOPs principal objection to the study is the determina-
tion that the leases were sold for $100 million less than 
fair market value. His response is that both DOI and 
GAO used the same calculations and computer model, 
but used different assumptions. Mr. Carruthers be-
lieves the assumptions used by DOFs career professional 
staff of expert geologists, economists, and mining engi-
neers are the correct assumptions. 

Lastly, Mr. Carruthers addressed the question of a 
moratorium on federal coal leasing. He testified that a 
moratorium would produce the following consequences: 

• Fewer leases with the new environmen-
tal safeguards and stringent diligent 
development requirements would be 
available. New leasing allows environ-- 
mentally preferable coal leases to com-
pete with older leases which did not 
receive the careful planning now re-- 
quired for coal leases. Consequently, 
the costs associated with environmental 
damage would likely be increased by a 
moratorium. 

• Coal reserves in old leases with higher 
mining costs would be forced into pro-
duction instead of lower cost coal poten-
tially available in new leases. 

• Competition among coal suppliers would 
be reduced. Existing levels of industry 
concentration of coal ownership would 
be perpetuated. 

• Windfall profits on old leases would like-- 
ly be increased because of the reduced 
availability of new leases. Past specula-
tors in old leases would reap larger gains 
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via lease reassignments because industry 
would not be able to shop as competi-
tively in the marketplace for new leases 
and reserves. 

• Federal monopoly powers would create a 
risk that a shortage of desirable federal 
coal would drive up coal prices in the 
market segment served by western coal 
and, indirectly, the prices of electricity 
and manufactured goods to American 
consumers. 

• Substantial federal leasing revenues 
would be lost. The coal leasing program 
provided $123 million in bonus revenues 
from January 1981 to October 1982 and 
$101 million in royalty revenues in fiscal 
1981 and 1982. It is estimated that 
$24.6 million and $251.83 in fiscal 1983 
and 1984, respectively, would be lost if a 
total moratorium is imposed. These re-
venues are shared 50/50 with the states. 

• Displacement of imported fuels current-
ly used for power plants or other heat 
processes would be reduced, thereby 
harming national economic strength by 
increasing imports. 

• America's ability to compete in foreign 
markets and with foreign manufacturers 
in American markets would be reduced 
because of less competitive coal prices. 

During questioning by the Congressmen, Mr. Carruthers 
was asked if DOl will implement all the recommenda-
tions in the GAO report. His reply was that DOI is 
willing to accommodate some, but that studies on the 
recommendations will not be complete until July 1983. 
If DOl disagrees with the GAO recommendations, DOl 
will continue the present leasing policy. 

Other testimony at the House hearing was presented by 
the Navajo Tribal Council who are afraid that the 
Indians' concerns about the San Juan coal lease sale 
have been disregarded. Coal industry representatives 
were in favor of the present leasing program. Several 
environmental organizations were very much opposed to 
the program. 

As can be seen from the testimony at this hearing, the 
federal coal leasing program is very controversial. Any 
changes to the program will likely take time and will 
certainly make some affected parties unhappy. 

NOON

FORT UNION COAL LEASE SALE IS POSTPONED 

The Fort Union federal coal lease sale originally sche-
duled for July 28, 1983 has been temporarily postponed. 
Secretary of the Interior James Watt must approve the 
leases to be offered and the date of the sale at least 30 
days before the sale occurs. However, as of the end of 
June, Bureau of Land Management (BLM) personnel in 
Billings, Montana who were to conduct the sale had not 
received the Secretary's approval. Hence, ELM was 
forced to delay the sale until an as yet undetermined 
future date.

#0*0 

HISTORY OF FEDERAL COAL SALES IN THE 
ALABAMA SUB-REGION 

Three sales have been conducted in the first round of 
offerings for federal coal leases in the Alabama sub-
region. The coal lease sales were conducted in June 
1981, December 1981, and September 1982. In the 
three sales, 74.4 million tons of federal coal were 
offered for lease in 17 separate leases. Of these 17 
leases, 13 were sold containing 42.0 million tons. The 
tracts offered in the sales varied in size with the 
smallest containing 46,000 tons of federal coal and the 
largest containing 30.9 million tons of federal coal. 
The status of all 26 tracts delineated in the Alabama 
sub-region is summarized in Table 1. As described on 
page 4-63 of the March 1983 Pace Synthetic Fuels 
Report, a second round of sales in the areas is tenta- 
tively scheduled in 1984.

TABLE 1 

FEDERAL COAL TRACTS DELINEATED IN THE 
ALABAMA SUB-REGION 

Offered Tom of 
Tract Names for Sale sold Federal Coal 

North River 6/81 Yes 5.9 MM 
Windham Springs 12181&9/82 No 22.9 MM 
Wiley I2181&9/82 No 8.8 MM 
Howard 12/81 Yes 911 M 
Brannon Creek 9/82 Yes 274 M 
Rook Spring, Church 6/8I Yes 30.9 MM 
Piney Woods Church 12/81 Yes 55 M 
Dry Creek North 
Yellow Creek East - 
Bagwell Road - 
Upper North River 8/81 Yes 338 M 
Flatwoocb 9/82 Yes 557 M 
Poplar Hollow 
Goodwin Creek 6/81 Yes 465 M 
Upper sulfur Springs Church 8/81 Yes 49 M 
Crabbe Road 
Harris Cemetery - 
North Rock Sprinp Church 9/82 No 768 M 
less Creek 12/81 Yes 1.15 MM 
Dividing Ridge 12/81 Yes 1.16 MM 
Willis Chapel - 
Elm Grove tisi Yes 89 M 
PemSey Number One - 
Dry Creek South 9/82 No 46 H 
Boxes Creek West 
Little Tyro Creek 9/82 Yes 217 M
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KUWAIT DECLARED TO BE 
A NON-RECIPROCAL NATION 

On March 10, 1983, Secretary of the Interior James 
Watt announced that he had .determined that Kuwait is 
a non-reciprocal nation as defined by the Mineral 
Leasing Act of 1920. Watt announced that the United 
States Department of the Interior (DOl) found that 
Kuwait is discrimnating against United States citizens 
and corporations. The Mineral Leasing Act allows 
citizens of foreign countries to invest in onshore 
mineral leases through ownership in United States cor-
porations. However, the Act limits these privileges as 
follows: 

"Citizens of another country, the laws, customs or 
regulations of which deny similar or like privileges to 
citizens or corporations of this country, shall not by 
stock ownership, stock holding, or stock control, own 
any interest in any lease acquired under the provisions 
of this Act." 

During the 1970s, the Kuwait government nationalized 
most petroleum development in that country, buying 
out and forcing the buy-out of American companies' 
concessions. Interior Department records indicate that 
by the end of 1977 no United States company held a 
petroleum concession in Kuwait. However, concessions 
held by companies of Japanese, British-Dutch, and 
Spanish ownership were not nationalized, and the 
Japanese-owned company continues to operate in 
Kuwait under its concession. 

Watt's decision directly affects Santa Fe International 
which is owned by Kuwait Petroleum, a government 
controlled company. Santa Fe has large holdings in 
United States mineral leases including coal and is also a 
major participant in the North Alabama Coal Gasifica-
tion consortium. The project sponsors originally applied 
to the United States Synthetic Fuels Corporation (SFC) 
under the first solicitation. However, the SFC dropped 
the project from further consideration because it failed 
the SFC's "credit elsewhere" test due to Santa Fe's 
involvement in the project. In June 1982, the consor-
tium reapplied to the SFC for assistance under the 
second solicitation, but the application was rewritten so 
that Santa Fe will fund its share of the project and only 
the other consortium members are requesting SFC aid. 
The project was later moved from the second to the 
third solicitation. 

The North Alabama (Murphy Hill) project is still nego-
tiating with the SFC under the third solicitation. The 
effects, if any, on the project due to Kuwait's non-
reciprocal status have not yet been determined. Simi-
larly, the status of Santa Fe's existing mineral leasing 
has not been resolved. 

SEVEN DOMESTIC COAL 
SUPPLY MODELS REVIEWED 

The United States Department of Energy has released a 
report evaluating seven domestic coal supply models. 
The report concentrates on the methodologies used

within the coal supply and transportation components of 
the models. The report, titled "A Review of Coal 
Supply Models," DEO/FE-0031, October 1982, was pre-
pared by Resource Dynamics Corporation for the DOE's 
Division of Planning and Environment. 

The seven models were selected from a large number of 
models considered for review. The focus of the review 
is on the ability of each model to be realistically 
sensitive to the factors which Influence the broad range 
of coal industry conditions affecting the need for 
long-range research and development. The models 
reviewed are: 

• National Coal Model 

• ICF Coal and Electric Utilities Model 

• Los Alamos Coal and Utility Modeling Sys-
tem 

• Argonne Coal Market Model 

• DRI-Zimmerman Coal Model 

• Newcomb-Quadratic Programming Model 

• Utility Simulation Model. 

Supply Factors 

Several factors have a significant impact on the deter-
mination, of coal price, production, and related mea-
sures of Industry activity. Coal supply models must 
explicitly or implicitly account for all of these. The 
factors are: 

• Coal market segmentation by coal qua-
lity, geography, type of customer, and 
type of sale 

• Coal demand 

• Coal production, which depends on the 
available resources, and the costs of 
mining and preparation 

• Regulation 

• Transportation costs 

• Economic rents 

• Inflation and resource depletion 

• Prevailing pricing mechanisms. 

Tables 1 and 2 present a list of factors which the study 
determined affect coal supply and demand and sum-
marize how each of the models reviewed addresses the 
Impacts of each factor. Several models have a large 
number of exogenous input parameters which can be 
modified to perform sensitivity analyses. Other models 
do not explicitly represent some coal industry charact-
eristics. These tables also show the way in which 
factors must be specified by the model users for the 
model to be useful. If a model user wanted the effects 
of a key factor, Tables 1 and 2 summarize whether the 
model modification is a structural change (S), an inter-
nal parameter change (I) or an endogenous calculation 
(E). If the required modification is an endogenous 
calculation, it may not be possible to "control" the 
parameter for analysis purposes.

- 

- 
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TABLE I 

FACTORS AFFECTING COAl. SUPPLY 

Market 
Conditions Affected 

Availability of coal 

Production coats 

Distribution Costs

Factors Which Came Change 

Improved resource knowledge 

Depletion 

Resource accessibility 

Mining recoverability 

Federal leasing policies 

Mining Productivity 

Wages 

Coal producer real return on 
Nulty 

Mine lift 

Tax law (nc, income tax rate; 
depreciation) 

Reclamation fees 

Federal/state tsxes, royalties 

Mine size distribution 

Bounde on changes in productIon 
levels 

Cleaning Costs 

Mix of mining technologies 

Black lung Irsuranca tax 

UMW welfare fund 

Transportstlon coats 

intermodal competition 

Capacity constraints on 
specific routes

NCM/CEUM/LACU Ms/ACM 

I - revised reserves Eta 

K 

I-revise regional estimates 

I-revise national recover-
ability factors for deep 
and surface mines 

I-revise national recover-
ability factors for deep 
end surface mines - 

NCM/LACUMS/ACM; S-labor is 
no fixed and t a variable 

new cosi estimates for model 
mines would be derived. 
CEUM; l-reviaa regional 
productivity factors by mine 
type 

NCM/LACUMS/ACM; S-labor is 
no fixed and t a varlable new 

cost estImates for model mines 
would need to be derived 

CEUM; I-revise national wage 
rates for deep versus surface 
mines 

I-IS percent nominal; 
percent real 

NCM/CEUM/LACUM& Annual 
Production rate and annualized 
costss 1-30 years; ACM. Annual 
production rates 1-20 years 

I-revise capital recovery 
fectors 

I-revise national estimates 

I-revise regional estimates 

I-revise regional estimates 
(deep versia surface) 

I-sod constraints 

I-revise estimates 

CEUM/ACM: S-fixed, not a 
model parameter, NCM/LACUMSu 
I-revise assignment of model 
mines to nine types by region 

I-revise estimates 

I-revise estimates 

S-currently exogano.m, one 
mode per link is Input (e.g., 
unit train or barge) only 
one route In input for each 
petr of coal supply/demand 
regions LACUMS; S-allows 
rail/barge competition 

i-add constraints on coal 
flows between supply/demand 
regieem

Dm1/Zimmerman 

- revise reserves date 

K 

l-resisa regional recover-
ability factors for deep 
and surface mines 
I-revise regional recover-
ability factors for deep 
and surface mines 

I-revise regional recover-
ability factors for deep 
and surface mines 

K-function of seam thick-
m of overburden ratio 

Productivity annual rates 
or changes I-by supply region 
and deep versun surface 

S-base year labor rates 
are fixei new coat estim-
mates for model mines would 
need to be derived 

Annual rates of change It 
wages. I-revise national 
estimate 

I-ID percent real 

Annual production rates 
K levelized capital costs, 
1-5, 10, or 20 years depending 
on expected equipment lives 

I-revise capital recovery 
factors 

i-revise regional estimates 

1-revise regional estimates 

S-Minimum efficient mine size" 

I-revise regional estimates 

3-mat a current model feature 

9-fixed, not a model parameter 

I-revise estimates 

I-revise estimates 

I-revise estimates 

S-currently ezcgenecla, one 
mode per link is input (e.g., 
unit train or barge); only 
one route Is Input for each 
Mir of cod supply/demand 
regions 

Add constraints on coal flows 
between supply/demand regions

Newcomb lndex/QP 

- revise reserve data 

K 

I-revise national recover-
ability factors for deep 
and surface mines 
I-revise national recover-
ability rectors for deep 
and eurfece mines 

I-revise national recover-
ability factors for deep 
and surface mines 

Surface mines; S-not a 
model parameter, deep 
mines; I-revise estimates 

S-note model parameter 

S-not a model Parameter 

Annual production rate, 
1-30 years; annualized 
costs, 5-mat a model 
parameter 

S-not a model parameter 

S-esoi a model parameter 

I-revise regional estimates 

S-not a model parameter 

I-add constraints 

Surface mines; S-not model 
parameters deep mines; 
I-revise index 

5-not a model parameter 

S-note model parameter 

I-revise estimates 

rrflnflnfllT 

S-currently exogenom one 
mode per link is input (e.g., 
unit train); only one route 
Is Input for each pair of coal 
supply/demand regions 

Add constraints on coal flows 
between etpply/demand re-
gions 

- Structural Change 	 I - Internal Change	 E - Endogamous Calculation 
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TABLE 2

FACTORS AFFECTING COAL DEMAND 

Market Factor 
Condition Affected Which Cause Change NCM/CEUM/LACUMS ACM Din/Zimmerman Newcomb lndex/QP USM 

Total Coat Demand Electricity demand i-revise regional S-not a model 5-not a model S-not a model ]-revise regional 
estimates; parameter parameter parameter estimates 

Utility coal demand E 1-revise regional I-revise regional I-revise regional E 
estimate estimates estimates 

-changing load factors I-revise estimates 5-not a modal 5-not a modal S-not a modal ]-revise estimate, 
factors parameter parameter parameter 

-new nuclear capacity I-revise estimates S-not a modal S-not a model S-not a modal I-revise estimates 
constraints parameter parameter parameter 

-changing relative I-revise estimates 5-not a model S-not a model 9-not a model I-revise estimates 
generation costs parameter parameter parameter 

-oil/gas prices I-revise regional 9-not a model S-not a modal 8-not a model i-revise estimates 
estimates parameter parameter parameter 

-fuel use regulations i-revise estimates S-not a model S-not a model S-not a model i-revise estimates 
- parameter parameter parameter 

Industrial steam coal i-revise regional I-revise regional i-revise regional S-not a model S-not a model 
demand estImates parameter estimates parameter parameter 

Metallurgical coal I-revise regional S-not a model I-revise regional 9-not a model S-not a model 
demand estimates parameter estimates parameter parameter 

Coal export demand I-revise regional I-revise regional l-revise regional S-not a model S-not a model 
estimates estimates estimates parameter parameter 

Synthetic fuelplant I-revise regional i-revisa regional I-revise regional 5-not a model S-not a model 
coal demand estimates estimates estimates parameter parameter 

Coal Type Sulfur dioxide emIssion i-revise regional I-revise regional I-revise regional 5-not a model I-revise regional 
regulations estimates estimates estimates parameter estimates 

LACUMSI E-PSD ambient 
concentrations 

Pollution control coats I-revise aorubbar and I-revise scrubber I-revise scrubber S-not a model S-revise scrubber 
cleaning cost esti- coat estimates cleaning costs esti- parameter and cleaning cost 
mates mates estimates 

S - Structural change I - Internal change E- Endogamous calculation
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Modeling Techniques 

Model builders have a choice of several techniques. 
These include: econometric approaches, which apply 
statistical techniques and use large amounts of data; 
structural techniques, whiêh develop relationships 
through engineering and economic Judgment; simulation 
techniques which use judgment to develop feedback 
relationships; and simple accounting models, which 
manipulate assumptions external to the model. All of 
these techniques, individually and in combination, have 
been used in various coal supply models. 

Structural Models 

Four structural models were reviewed in the report. 
All share a common origin in the Project Independence 
Evaluation System (PIES) coal supply component. 
Structural models use explicit geological, engineering, 
and accounting relationships to develop "building 
blocks" describing the coal industry. Typically, struc-
tural coal supply models are based on partial equili-
brium algorithms which may require user specification 
of all or some of the projected level of coal demand. 
These models forecast the "optimal" mix of coal pro-
duction by supply region and coal type, the transporta-
tion patterns and marginal mine-mouth and delivered 
coal prices. The four models all utilize incremental 
supply curves. 

National Coal Mode! (NCM). The current National Coal 
Model (NCM) is derived from a 1978 version of ICF's 
Coal and Electric Utilities Model (see below). NCM is 
currently being operated and regularly enhanced by the 
Energy Information Administration of the United States 
Department of Energy. 

NCM is a linear programming model that minimizes the 
costs of coal mining, cleaning, and transportation and 
the costs of electricity generation and transmission in 
five year periods (e.g., 1985, 1990, and 1995). Utility 
coal demand is projected endogenously based on an 
exogenous forecast of electricity demand. Non-utility 
coal demand is an exogenous input. There are forty-
four coal demand regions in NCM. 

Coal resources and prices are represented by multi-step 
supply curves. There are thirty-one coal supply regions 
and forty distinct coal types in NCM. 

Coal and Electric Utilities Model (CEUM). The Coal 
and Electric Utilities Model (CEUM) was developed by 
ICF, Inc. to analyze coal-related policy issues, it is a 
successor to the original National Coal Model developed 
by ICF, Inc. for the Federal Energy Administration in 
1976. 

CEUM is a linear programming model. The objective 
function minimizes costs for the sum of utility plus 
non-utility coal demands. For the utility sector these 
costs are the sum of coal mining, cleaning and transpor-
tation costs and electric generation and transmission 
costs. For non-utility sectors, total delivered costs are 
minimized. The linear program is generally solved for 
five-year increments (e.g., 1985, 1990, 1995). Multi-

step coal supply curves characterize mine-mouth prices 
and reserves for fifty distinct coal types (including 
lignite and anthracite) in forty supply regions. CEUM 
forecasts utility coal demand endogenously from an 
exogenous projection of electricity demand. Non-uti-
lity coal demand is an exogenous input. There are 
forty-seven coal demand regions in CEUM. 

Los Memos Coal and Utility Modeling System 
(LACUMS). The Los Alamos Coal and Utility Modeling 
System (LACUMS) was developed by the Los Alamos 
Scientific Laboratory to evaluate the effects of govern-
ment regulations on coal-related industries. LACUMS 
is a linear programming model with multiple data bases 
and a 1985-2005 time horizon. The model also has a 
non-linear programming option intended to aid in the 
modeling of utility dispatch on the demand side. 

Utility coal demand is estimated endogenously. Non- 
utility coal demand is an exogenous input. Coal sup- 
plies are represented by multi-step supply curves. 
LACUMS is a derivative of the National Coal Model 
with more flexible input data base options, as well as 
water supply curves and explicit treatment of ambient 
air quality regulations. 

Argonne Coal Market Model (ACM). The Argonne Coal 
Market Model was developed by the Argonne National 
Laboratory to forecast long-term regional coal pro-
duction in five year intervals. It is a quadratic pro-
gramming model which minimizes the total cost of 
delivered steam coal (including environmental control 
costs). All coal demand is an exogenous input. There 
are fifty-two demand regions in ACM. The coal supply 
curves are linear approximations of multi-step func-
tions developed in 1976 for the Project Independence 
Evaluation System (PIES) Model. There are nine coal 
supply regions with fourteen total coal types. 

In regard to the four structural models, the report 
concludes that they have diverged significantly since 
their common origin in the PIES coal supply curves. 
NCM and CEUM provide the greatest flexibility to 
handle alternative coal production scenario assumptions 
because their operators have full control over the 
generation of supply curves. The addition of water 
supply and PSD increments to LACUMS allows the 
flexibility to address some demand side issues which 
may be important in the West. LACUMS may also be 
somewhat more flexible in treating demand side scen-
arios because of the ease with which alternate data 
bases may be defined. The study concludes that ACM's 
reliance on the old PIES supply curves makes this model 
obsolete. The linear approximation of non-linear supply 
curves, the limited number of supply curves, and the 
lack of a coal demand sector reduce the sensitivity of 
ACM when compared to the other models. 

Econometric Models 

Two models were reviewed in the report. These models' 
parameters are estimated using primarily econometric 
estimation techniques. These two models, however, are 
quite different in approach. 
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DRI/Zimmerman Coal Model. The DRI/Zimmerman 
Coal Model forecasts coal production and prices annual-
ly to 2010 and is maintained by Data Resources, Inc. 
(OR!) as part of the DRI Coal Service. The model 
incorporates cumulative coal supply curves for six 
major coal supply regions and six sulfur content catego-
ries. Coal supplies are allocated by a linear program-
ming technique to meet an exogenous forecast of coal 
demand. The model can be run Iteratively with the DRI 
Energy Model such that coal demand from the DRI 
Energy Model in one year is a function of coal prices in 
the previous year from the Coal Model. There are 
thirteen demand regions in the Coal Model. 

The report discusses a number of weaknesses in the 
DRI-Zimmerman Coal Model. Among these are the 
following: 

• The model uses a cumulative supply 
curve, which means that, for a specific 
coal, all reserves with the same costs 
(including minimum producer's return) 
are produced simultaneously. Full costs 
equal marginal price for all production. 

S Coal demand is an endogenous input. 

• The use of a lognormal statistical distri-
bution to categorize coal reserves, al-
though not necessarily a weakness, is 
controversial. 

• The DRI/Zimmerman Coal Model projec-
tions of coal prices are not comparable 
with any historical coal price series. 
They do not represent average long-term 
contract prices or an average of con-
tract and spot market coal prices over 
the entire coal market. Zimmerman 
states that the price represents that of a 
"Variable-length contract." 

• The investment lifetime is undefined re-
lative to production lifetime. 

Newcomb Coal Price Index-Quadratic Programming 
Model. The cornerstone of this model is an index which 
ranks major Appalachian coal seams which are current-
ly mined underground. This index is a weighted average 
of coal characteristics. The index is transformed into a 
cost (mine-mouth supply price) and is used to create 
part of a long-run piecewise linear supply curve. New-
comb, now at the University of Arizona, is extending 
the index to midwestern and western coal fields. 

Newcomb's index combines elements of structural and 
econometric approaches in an attempt to Incorporate 
more information than other models on mining and 
cleaning costs. This approach was developed as a 
means of addressing problems perceived by Newcomb in 
prior models. Newcomb, for example, criticizes the use 
of point estimates of mining costs in the model mines 
of structural coal supply models because clearly defined 
statistical relations were not demonstrated between 
seam thickness and depth and mining and cleaning 
costs. Calculation of the error of estimation Is thus 
impossible.

The two primary weaknesses reported for the Newcomb 
Model are: 

• Long-term contracts are not modeled. 
The approach used represents the utility 
sector as purchasing all coal demand in a 
balanced spot market. 

• The amount of coal required to be scrub-
bed is also not determined. Coal is 
distributed on the basis of least case 
without respect to the applicable sulfur 
emissions standard. 

Simple Accounting Model 

One simple accounting model is reviewed in the report: 

Utility Simulation Model. The Utility Simulation Model 
(USM) is used for some of the same applications as the 
coal supply models. However, USM is not really a coal 
supply model. !JSM forecasts coal prices using exoge-
nous growth rates and does not characterize coal re-
serves with a supply curve. 

USM projects investment and operating decisions made 
by electric utilities in each year over a 1976-2010 time 
horizon. The model projects the utility industry's 
response to energy and environmental policies, techno-
logy choices, projected electricity demand levels and 
economic conditions. The model outputs include fore-
casts of capacity expansion, electricity generation, fuel 
consumption and pollutant production for individual 
steam generating units or county, state, regional, and 
national aggregations. In addition, various measures of 
financial costs and statistics at the state level are 
projected. 

General Conclusions 

The report concludes that the state-of-the-art of coal 
supply modeling has advanced considerably over the last 
ten years and is continuing to evolve. A number of very 
different models have been developed to address coal 
supply issues. The diversity among the models reflects 
the varied objectives, backgrounds, and analytical re-
sources of the different modeling organizations as well 
as differing views about the characteristics and beha-
vior of the coal industry. The researchers believe there 
are also significant problems related to data quality and 
modeling techniques which constrain the ability of the 
models to address coal supply issues. Approaches to 
overcoming these problems differ. 

The report states that, in general, considerable uncer-
tainty must be inputed to the numerical results of all of 
these models. All results—coal price, production, dis-
tribution, environmental residuals---are the end product 
of numerous modeling assumptions and decisions based, 
In large part, on judgment. However, the value of coal 
supply models lies not in the absolute values of the 
forecasts but in the differences among alternatives and 
In future changes from the present. The issue is not 
which model is "right" or "wrong," but whether any 
model is explanatory. Models should be regarded as 
tools for conceptualization and analysis rather than as a 
principle yielding the "correct" solution. Knowing why 
a model reaches its results is crucial to providing 
insights into the coal industry.

- 

-

- 
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STATUS OF SYNFUELS PROJECTS (Underline Denotes Changes Since March 1983) 

SYNTHETIC FUELS FROM COAL 

COAL CONVERSION PROJECTS 

A-C VALLEY CORPORATION PROJECT - A-C Valley Corporation (C-la) 
The A-C Valley Corporation, a privately funded development company, proposes to construct and operate a 
10,485 barrel per thy coal liquefaction project in Northwestern Pennsylvania. GKT gasification, IC! methanol 
synthesis, and Mobil methanol-to-gasoline processes will convert 6,250 tons per day of high sulfur coal to 
gasoline. On January 20, 1983 the A-C Valley project passed maturity test under the SFC's third solicitation, 
but did not pass the project strength test and was dropped from consideration on May 26, 1983. Estimated 

Project Cost:	 $800 million (1981) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and U.S. 
Department of Energy (DOE) (C-lS) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had 
been initiated by Southern Company and the Edison Electric Institute in 1972. Department of Energy began 
cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has 
evolved over the years in terms of technology and product slate objectives. Kerr-McGee Critical Solvent 
Deashing was identified as a replacement for filtration which was utilized initially in the plant and a Kerr-
McGee owned unit was installed in 1979. The technology development at Wilsonville continued with the 
installation andoperation 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. 
More recently, the Wilsonville Pilot Plant has been used to test the Integrated Two- Stage Liquefaction (FFSL) 
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. Separating 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. 
Preliminary research indicates that 30 percent less hydrogen may be needed to turn raw coal into a clean-
burning fuel that can be used for generating electricity in combustion turbines and boilers. Tests at the 
center indicate nearly 15 pounds of high quality distillate fuel oil can be obtained for every pound of hydrogen 
consumed in the process. This represents substantial improvement over the current generation of coal 
liquefaction processes. Current tests at Wilsonville are concentrating on Illinois bituminous coal that is 
considered typical of much of the high sulfur coal found in the midwestern and eastern United States. (Also 
refer to the Solvent Refined Coal Demonstration Plant (SRC-1) and the Integrated Two Stage Liquefaction 
projects.) 

Project Cost:	 Construction and operation to date = $60 million 

• AECI LTD. AMMONIA METHANOL OPERATIONS - Modderfontein, South Africa (C-17) 
AECI operates a 100 ton per day methanol facility and a 1,000 ton per thy ammonia plant at its 
Modderfontein works near Johannesburg. The plant was six Koppers-Totzek two-headed gasifiers operating 
at 1,600°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 ICFs low pressure process, has been 
running since 1976. Process problems related to coal-based operations have been studied and generally 
resolved, including refractory failures In the gasifiers and formation of catalyst poisons (carbonyl compounds, 
cyanide, etc.) which require special care to remove. Consideration has been given in the methanol plant to 
use of ICI's dual-cycle process employing a shift converter in the synthesis loop to avoid the more severe 
conditions in a shift conversion process based on high temperature gasification as well as to obtain other 
advantges (e.g., reduced energy requirements) claimed for more conventional plants. 

A fluidized bed combustion system is being added to the plant to overcome problems of ash disposal. The 
proposed system will generate additional steam, lower utility coal consumption, and reduce requirements for 
land for ash handling and burial.
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STATUS OF SYNFUELS (Underline Denotes Changes Since March 1983) 

COAL CONVERSION PROJECTS (Continued) 

AECI has also pursued development programs to promote methanolts use as a transportation fuel. Test 
programs include operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, 
operation of other test cars on neat methanol, and operation of modified diesel trucks on methanol containing 
Ignition promoters. A pilot plant has been built to produce additional diesel-fuel quality methanol for more 
extensive testing. 

•AECI LTD. METHANOL TO OLEFINS PILOT PLANT - Modderfontein, South Africa (C-18) 

AECI is also operating pilot plant facilities to convert methanol to hydrocarbons. In a co-operative 
development program with Mobil, AECI has obtained a license for a methanol-to-chemicals process using 
Mobil zeolite catalyst. The pilot operations produce a mixture of C2 to C4 olefins with a high selectivity 
reported. The pilot plant was commissioned in 1982. A commercial scale plant is slated for 1987. 

ALABAMA SYNTHETIC FUELS PROJECT - AMTAR, Inc., and Applied Energetics, Inc. (C-20) 

The site of the proposed project Is in Greene County, Alabama, on the Tombigbee River near the small town 
of Boligee. The project proposes the use of indirect liquefaction technology to produce gasoline (GIlT 
gasification, ia conversion to methanol, and Mobil-M conversion to gasoline). Initial production from one 
module would be 8,230 barrels per day of lead free gasoline, 1,700 barrels per day of liquefied petroleum gas, 
and 100 tons per day of sulfur.Four additional modules are planned for a later date. Plant start-up is 
scheduled for early 1987, with full production expected in late 1989. A loan guarantee and a price guarantee 
were requested from the SFC under the second solicitation that ended June 1, 1982. However, the project 
failed to pass the SFC's maturity tests. Engineering will be performed by Burns and Roe-Humphreys & 
Glasgow Synthetic Fuels, Inc. 

Project Cost:	 Not disclosed 

BEACH-WIBAUX PROJECT - (See Tenneco SNG from Coal Project) 

BEACON PROCESS - TRW, Inc. and Standard Oil Company of Ohio (C-40) 

The Beacon Process, invented by TRW, is a joint development project with Standard Oil Company of Ohio to 
convert low BTU gas from air blown coal gasifiers or underground coal gasification to SNG and electricity. A 
modeling study of fixed and fluid-bed reactors for the process has been completed. A cooperative agreement 
provides for DOE cost sharing during a thirty month development period. Preliminary design and planning for 
a two-reactor integrated test facility has been completed. However, construction will be deferred due to the 
lack of related development of pressurized air-blown gasifiers and uncertainties about the market price for 
SNO. Research on other applications of the basic technology Is continuing. The catalyst can be modified to 
produce hydrogen and cogenerated power from low BTU gas streams. A Department of Energy contract 
modification has extended the period of performance to May 31, 1983. 

Project Cost:	 Over $16 million to date. 

BELUGA METHANOL PROJECT - Cook Inlet Region, Inc. and Placer Amex Inc. (C-50) 

The above firms have conducted a feasibility study for a 7,500 TPD methanol plant using Alaskan 
subbituminous coal. Winkler 4 atm. gasifiers will be used for gasification. ICI process will be used for 
methanol synthesis. Production would be 54,000 barrels per day of fuel grade methanol. 

The project sponsors applied for a loan guarantee and a price guarantee under the SFC's second solicitation 
ending June 1, 1982. The project passed SFC project maturity tests but failed to pass Its project strength 
tests. A state industrial site has been applied for. Plant site is on state land and private land owned by Cook 
Inlet Region, Inc., approximately 60 miles west of Anchorage. Construction has not been scheduled. 
Operation would begin in 1989. A loan guarantee and a price guarantee were requested from the United 
States Synthetic Fuels Corporation under the third solicitation, but the sponsors withdrew the project on 
March 18, 1983. 

Cost of Study	 Over $4 million 
Cost of Project: $2.3 billion (1981) 

BI-GAS PROJECT - DOE, and Stearns-Roger, Inc. (C-SO) 

A 120 TPD pilot plant, based on the Bituminous Coal Research, Inc. entrained bed, slagging-ash, coal 
gasification process is located at Homer City, Pennsylvania. it was designed, built, and has been operated by 
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STATUS OF SYNFUELS (Underline Denotes Changes Since March 1983) 

COAL CONVERSION PROJECTS (Continued) 

Stearns-Roger Incorporated. Initially, program management functions were provided by the Phillips 
Petroleum Company for BCR, the prime contractor. Both functions, in addition to operation, were assigned 
to Stearns-Roger in November of 1979. 
Char, steam, and oxygen react at high temperature in the first stage of the gasifier. The hot gases 
devolatilize coal in the second stage to produce the required char and a product gas of high methane content. 
The pilot plant, which includes shift and methanation units, will produce 3.4 MM SCFD of SNG. Efforts were 
initially directed toward collection of operating data and the improvement of operability on both 
subbituminous and bituminous coals. Slag tapping problems were solved for Rosebud coal. Progress has been 
made in solving important problems in control and monitoring of coal and char fees and in measurement of 
Stage I temperatures. The feeding of supplemental fuel gas into Stage I as a safety precaution has been 
discontinued. Attainment of this, safely, was a major goal of the FY 1981 program. The plant has had 
continuous runs of 170, 120 and 100 hours on Rosebud coal with all systems operating satisfactorily and 
reliably. Major thrust of the remaining FY 1981 program was to achieve further safe operating experience on 
an Eastern bituminous coal. The Program includes development of a mathematical model of the BI-GAS 
process, as well as establishing a data base for the process. Operation on Pittsburgh coal was accomplished. 
Project is inactive until May or June 1983 when testing of Illinois No. 8 coal will commence for three months. 

Pilot Plant cost: $79 million. 
Testing Costs: Not Available. 

BRECKINRIDGE PROJECT - Bechtel Petroleum, Inc. (C-70) 

Under the Synthetic Fuels Corporation's first solicitation, the project sponsor (Ashland Synthetic Fuels and 
Bechtel) requested loan guarantees for a facility to utilize the H-Coal direct liquefaction process. The 
project met the SFC's project strength criteria and progressed to Phase II evaluation. As originally 
envisioned, the plant was to convert high sulfur Illinois Basin coal into a slate of products including 46,500 
barrels per day of liquid distillate, propane and butane, and 20 million standard cubic feet per day of 
synthetic natural gas (total production equivalent to 47,500 barrels per thy). 

The original estimate for the plant investment was $2.7 billion (1981 dollars). However, when adjusted for 
inflation and interest during construction, the as-spent cost was projected to be $5.5 billion. Therefore, 
project sponsors decided to reduce the initial plant throughput by one-half (9,000 tons per day). One factor in 
the decision was the limit of $3 billion that the SYC can award to one project. Estimated completion is mid-
1988. 

In addition to the original loan guarantee, the sponsors also requested a price guarantee from the SFC under 
the first solicitation. On November 22, 1982, Ashland announced they were withdrawing from the project due 
to many factors including uncertainty about future crude oil prices, the large investment involved, possible 
cost overruns, and recent tax-law changes that reduced potential tax benefits. 
Bechtel reapplied to the SFC under the third solicitation, butt he project was 'topped from further 
consideration on May 26, 1983. Bechtel is seeking other equity partners in the project. 

Project Cost:	 $2.5 billion for 12,000 TPD facility 

BURNHAM COAL GASIFICATION PROJECT - El Paso Natural Gas Co. (C-Ba) 

Proposed commercial Lurgi plant for pipeline gas in Four Corners area has been placed on indefinite hold. 

Estimated Cost: Unavailable 

• BYRNE CREEK POWER PROJECT - (See Underground Coal Gasification - World Energy, Inc. Project) 

CAN-DO PROJECT - CAN-DO, Incorporated (C-85) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN-DO, Incorporated) operates an 
existing facility that produces low BTU gas from anthracite. Under the third solicitation, CAN-DO requested 
financial assistance from the United States Synthetic Fuels Corporation (SYC) to enhance the facility. Both 
price and loan guarantees were requested. However, the SFC determined that although the project met the 
maturity criteria, it lacked sufficient programmatic strength to justify any ultimate award of assistance. 
Department of Energy is stopping support as of April 30, 1983, and the plant will be shut-down. 
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STATUS OF SYNFUELS (Underline Denotes Changes Since March 1983) 

COAL CONVERSION PROJECTS (Continued) 

Project Cost:	 $5.5 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Co. (C-aG) 

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 
SCFD 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 1990. 
Tests have been run on existing radiant tubes using producer gas with no adverse effect. The system operated 
from February 1981, until the July vacation shut-down. After vacation, the system was started up but later 
shut down in September 1992 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:	 $5-10 million. 

CENTRAL ARKANSAS ENERGY PROJECT - Arkansas Power & Light Company (C-120) 
Arkansas Power & Light Company is sponsoring a combined cycle cogeneration process using the Texaco coal 
gasification process. Loan guarantees were requested from the SFC, but the project was not selected by the 
SFC. 

The project would be located at the White Bluff steam electric station, five miles from Redfield, Arkansas. 
The project will be designed to produce 120 billion BTU per thy of medium BTU gas. When pipelined to 
industrial steam user(s) located remote from the gasifier and burned in one or more combined cycle 
cogeneration plants, approximately 430 megawatts of electrical energy and 1.8 million Pounds of process 
steam will be produced from the gas. Project sponsors are also considering producing ammonia or methanol 
from the coal-derived gas. Status because potential steam users are unable to make any long-term 
commitments, the project has been put on hold pending improvement of the economic conditions of the 
Nation. 

Project Cost:	 Undetermined 

CENTRAL MAINE POWER CO.'s SEARS ISLAND PROJECT - Central Maine Power Co., Texaco Inc., General 
Electric Co., and Stone & Webster Engineering Corp. (C-130) 

A feasibility study for a commercial-scale coal gasification combined cycle power plant to be located on 
Sean Island, Maine was initiated in October 1980, with DOE funding. The study's objectives include: (1) 
develop process design including equipment and process selection; (2) determine capital costs and construc-
tion timetable; (3) evaluate operating and maintenance costs, reliability, and operating characteristics; (4) 
compare the cost of energy from the IGCC plant to a coal-fired plant and identify benefits and risks; and (5) 
prepare plans for final design and financial arrangements. 

Texaco provides design of coal grinding and gasification using the Texaco Coal Gasification Process. GE 
provides the design of the combined cycle part of the plant, including turbines, electrical and steam systems. 
SWEC provides design of coal receiving, handling and storage, plant layout, oxygen plant and balance of plant. 
Preliminary engineering and the heat and material balances are virtually complete. The preliminary plant 
capacity is 520 MW net at 5,120 tons per day coal. The heat rate is currently calculated at approximately 
9,500 BTU per KWH. The equipment includes 4 gasifiers plus 1 spare, 2 sulfur removal trains, 4 gas turbines 
and heat recovery steam generators, and 1 steam turbine. The design coal is Kentucky No. 9 (11,800 BTU per 
pound, 3.9 percent sulfur, 15 percent ash) and performance will also be calculated based on Illinois No. 6 coal. 

Project Cost:	 $3,560,773 (DOE Contract). 

CHEMICALLY ACTIVE FLUID BED PROJECT - Central and Southwest Corporation (Central Power and Light Co., 
Public Service Co. of Oklahoma, Southwestern Electric Power Co., and West Texas Utilities Co.), Foster Wheeler 
Energy Corporation and the Environmental Protection Agency (C-140) 

CP&L has constructed a 210 MM BTU per hour coal gasification pilot plant to demonstrate the Chemically 
Active Fluid Bed (CAFE) gasification process developed by Esso Research Centre Abingdon (ERCA), United 
Kingdom. The design and engineering, completed by Foster Wheeler Energy Corporation, was funded by the 
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EPA. EPA also provided fuels, feedstocks and the environmental assessment. The 1600°F circulating 
limestone in the process removes sulfur (as CaS) from the fuel producing a relatively sulfur-free low BTU gas. 
This fuel gas was fired directly in an existing 20 MW natural gas-fired boiler which was retrofitted to accept 
the low-BTU fuel. The plant Is located at CP&L's La Palma Station, San Benito, Texas. The three other 
utilities shared construction and operating expenses with CP&L. The plant is designed to use lignite or heavy 
high sulfur fuel oil as primary fuel. The unit gasified No. 6 fuel oil in five separate runs. The generator has 
produced up to 22 MW power with the boiler firing product gas from the gasifier. No. 6 fuel oil input was 
approximately 17,000 lb./tr. at the 22 MW load. During the periods of operation, the product gas from the 
gasifier produced 4.4 x 10 KWH electricity. Measured stack emissions within NSPS limits. In addition, trials 
with Texas lignite and Eastern bituminous coal produced 110,000 KWH of electricity. Project is now 
complete. 

Project Cost:	 $13.5 million 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-iso) 

In a privately funded project, Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals 
Division of Eastman Kodak Company, is constructing a multi-million dollar project to produce industrial 
chemicals from coal. Texaco's coal gasification process will be used to produce the synthesis gas for 
manufacture of acetic anhydride. Methyl alcohol and methyl acetate are produced as intermediate chemicals 
and sulfur will be recovered. Bechtel Petroleum Inc., is In charge of the process design, engineering, 
procurement, and construction management. Construction began late in 1980 in Kingsport, Tennessee, with 
start-up planned in mid-1983. Locally mined coal will be used. Status: Daniel International unit of Fluor 
Corporation is the general construction contractor. The project is in the latter stages of construction, with 
several plants mechanically complete. 

Project Cost:	 Unavailable 

CHOKECHERRY PROJECT - Energy Transition Corporation (C-160) 

Project sponsors are continuing their study of the feasibility of building a coal gasification plant to produce 
hydrogen using coal reserves in Moffat County, Colorado. Energy Transition Corporation (ETCO), as the 
prime contractor to W.R. Grace In 1980 and 1981, prepared an economic feasiblity report on a nominal 5000 
ton of. methanol per day plant using the KBW Gasification Systems, Inc. (Koppers/Babeock& Wilcox) 
technology for gasifying coal. Included in the ETCO feasibility report is a market study for fuel grade 
methanol in dedicated fleets in the "local" area (Colorado, Utah and Wyoming). W.R. Grace also conducted 
an "environmental and regulatory" feasibility study under a DOE grant of $769,714 in 1981. The project was 
accepted into the Colorado Joint Review Process (JRP) in December 1980 and the JRP team of local, state 
and federal agency representatives, and the project sponsor, held four public meetings in 1981 to review the 
project. In March 1981, an application was filed with the U.S. Synthetic Fuels Corporation for a price 
guarantee of 75 cents/gallon (January 1981 dollars) escalated quarterly at the inflation rate plus 1/2 percent. 
The project sponsors transferred the Project to the SFC Second Solicitation in December 1981. Project 
sponsorship was transferred from Grace to EFCO in January 1982 and ETCO reapplied for price and loan 
guarantees under the SEC's second solicitation ending June 1, 1982. However, on June 18, 1982, the SEC 
announced that the project had failed to pass their project maturity test and had been dropped from further 
consideration under the second solicitation. The project feasibility study (Grace funded), and the 
environmental and regulatory feasibility study (DOE funded), have been completed. Current estimates are 
that an 18 to 24 month preconstruction (final design, permit applications, etc.) period will be required. ETCO 
is proposing a sealed-down version of the project which will produce 60 million SCF per thy of hydrogen from 
one KBW gasifier. The hydrogen would be pipelined to oil shale upgrading facilities in either the Piceance 
Basin or in Eastern Utah. The plan calls for expansion to a 10 gasifier plant capable of producing 600 million 
SCF per day of hydrogen. The project is presently inactive. 

Project Cost:	 $400 million (est.) 

CIRCLE WEST PROJECT - Burlington Northern Inc. (C-170) 

Burlington Northern Inc. (ONI) has studied the feasibility of locating a proposed commercial plant for 
fertilizer and liquid fuels from coal on BN-owned Dreyer Brothers ranch near Circle, McCone County, 
Montana. BN filed for 67,000 AFY from Fort Peck Reservoir. Koppers and Kellogg presented a preliminary 
engineering study to the Montana Department of Natural Resources and Conservation in February 1976 for a 
plant to produce 2,300 tons per thy fertilizer grade liquid anhydrous ammonia, or 2,174 tons per thy fuel-
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grade methanol, or about the same quantity of synthetic diesel fuel oil, or perhaps some combination of these 
possible products. 

Basin Electric Power Cooperative joined BN-Dreyer Bros. in September 1977, to evaluate the feasibility of a 
power plant having common coal mining facilities with EN plant. Lignite would be used in synthetic fuels or 
fertilizer plant or for Basin Electric plant. 

The project is now the responsibility of Meridian Land & Mineral Company, a wholly-owned subsidiary of 
Burlington Northern Inc. Some environmental work Is currently ongoing. Main effort of ML&M was to 
complete a land exchange with the Department of Interior. The exchange was approved by DOI In late April 
1983. 

Project Cost:	 Undetermined 

CITIES SERVICE/ROCKWELL PROCESS DEVELOPMENT - DOE and Rockwell International (Energy Systems 
Group) (C-180) 

The CS/R (Cities Service and Rockwell) process is based on flash hydropyrolysis (FliP) of finely pulverized 
materials (e.g., coal, peat, or oil shale) in single-stage, short-residence-time, entrained-flow reactors. The 
slate of synthetic fuels produced from coals depends on the severity of the PUP reactor operating conditions 
and the reactor residence time. Low seventies and very short times favor yielding an essentially liquid 
syncrude, along with modest yields of gases (e.g., CO, CU 4, C21s, C31s, etc.). High seventies and long 
residence times favor production of all gaseous products, predominantly CR4. At intermediate seventies and 
times, the heavy syncrude components are hydrocracked to light, predominantly aromatic liquids. Under 
certain conditions, there is a substantial yield of high-purity benzene as the sole by-product, and it can be 
upgraded readily to chemical-grade quality. 

Rockwell has studied coal hydroliquefaction and hydrogasificatlon In 1/4- and 1-ton per hour engineering-
scale reactor and process development systems under several DOE contracts. The liquefaction work, 
performed in four discrete phases beginning in 1975, was brought to a close in 1982 with the publication of 
two comprehensive final reports. These summary reports include a preliminary design study for a commercial 
CS/ft hydropyrolysis coal liquefaction plant performed by Scientific Design Co., Inc., and significant work by 
Cities Service in characterizing FHP coal liquids. 

For high-BTU coal gasification, DOE awarded Rockwell an $18 million contract in 1978 to design, construct, 
and operate an 18-ton/day integrated hydrogasification PDU at Rockwell's Santa Susana Field Laboratory 
new Canoga Park, California. Construction of the IPDU was interrupted in FY 1982 when the facility was 
about 60 percent completed. Rockwell has restructured the project into a proposed joint DOE/private 
industry program, with Rockwell heading a consortium of private sector participants. Current discussions 
among Rockwell, DOE, and the industry participants are directed toward finalizing the work scope and 
participation agreements. It is anticipated that the project will be resumed in the second quarter of F? 1983 
and that long-duration tests (up to 30 days) will be achieved during F? 1985. 

In May 1981, the C-E Lummus Company, under subcontract to Rockwell, completed the preliminary 
conceptual design of a 250-billion BTU per day, high-BTU coal gasification plant based upon the CS/ft 
Hydrogasification Process. In addition to synthetic natural gas, the plant was designed to produce 5,310 
barrels per day of chemical-grade benzene. Lummus estimated the capital and operating costs for the 
commercial plant, and the resulting 20-year average cost of gas was $3.68 per million BTU in mid-1979 
dollars (C.F. Braun gas cost guidelines, utility financing). Subsequent process modifications have reduced the 
COG to $3.38 per million BTU. 

In October 1982, DOE awarded Rockwell a $0.6 million contract for experimental evaluation of hydroretort-
ing of eastern oil shale in a CS/ft hydropyrolysis reactor. Reactor tests are scheduled to be made before mid-
FY 1983, with variations among reactor temperature, pressure, and residence time. Testing will be followed 
by a preliminary process study to determine whether this approach to recovery of shale oils may have 
significant advantages in either liquid yields or processing costs. 

Project Cost:	 $3.2 million (PDU Studies) 
$18 million pilot plant 

COALPLEx PROJECT - AECI & Sentrachem, Johannesburg, South Africa (C-190) 

The Coalplex Project is a joint-venture operation of AECI and Sentrachem. The plant manufactures PVC and 
caustic soda from anthracite, lime, and salt. The plant was intended to be fully independent of imported oil. 
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Because ethylene was also unavailable 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 a lime-water slurry; 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 and acetylene plants represent the main 
differences between coal-based and conventional PVC technology. Development work has focused most 
heavily on the carbide furnace design to increase reliability and reduce electrical energy requirements. 

CONVENT, LA., PROJECT - (see Medium BTU Gasification Project.) 

COOL WATER COAL GASIFICATION PROJECT - Participants: Southern California Edison, Texaco Inc., Electric 
Power Research Institute, Bechtel Corporation, General Electric Company, Japan Cool Water Program (JCWP) 
Partnership; Contributor: Empire State Electric Energy Research Corporation (ESEERCO) (C-220) 

Sponsors are building a 1,000 tons coal per day demonstration plant using oxygen-blown Texaco Coal 
Gasification Process. The gasification system will be integrated with a new combined cycle unit to produce 
approximately 100 megawatts of net power. The California Energy Commission approved the state 
environmental permit in December 1979. Final engineering design began In February 1980, and construction 
commenced in December 1981. Start-up and operation of the integrated facility is planned for mid-1984. The 
design coal is to be Western (Utah), but a variety of coals, both Eastern and Western, are to be tested. 
Texaco and SCE, who are contributing 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 $105 
million. Bechtel Power Corporation has been selected as the prime engineering and construction contractor 
and also executed a participation agreement in September 1980. They are contributing $30 million to the 
project. General Electric signed a participation agreement in September 1980. In addition to contributing 
$30 million to the Project, GE will be the supplier for the combined cycle equipment. The JCWP Partnership, 
comprised of the Tokyo Electric Power Company, Central Research Institute of the Electric Power Industry, 
Toshiba CGP Corporation and IHI Coal Gasification Project Corp. signed a participation agreement on 
February 24 1982 to commit $30 million to the Project. ESEERCO executed a contributor agreement on 
January 20, 1982, committing $5 million to the Project. A $24 million Project loan guaranteed by SCE, 
Texaco and EPRI together with a $6 million in-kind contribution by SCE of facilities at SCE's existing 
generating station completes the $300 million funding. A supply agreement was executed with Airco, Inc. on 
February 24, 1982 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 U.S. Synthetic Fuels Corp. for 
financial assistance in the form of a price guarantee up to a maximum of $63 million. This was designed to 
reduce the risks of the existing Participants during the seven year operating 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 orovide a maximum of t120 millinn in nrif'p ciinnnrtq Tn.. the n..na..t n+h	 ..-.. 

permits for the Project have been obtained, final 
approximately 85% and 20% complete, respectively on 
awarded to Combustion Engineering to fabricate the 
steam drums.

ling by EPRI and the Project loan. Status: All key 
ngineering design and construction by Bechtel are 
December 1, 1982. A $15 million contract has been 

gasifier, radiant cooler, convection cooler, and two 

Project Cost:	 $300 million 

CROW INDIAN COAL GASIFICATION PROJECT - Crow Indian Tribe, DOE (C-230) 

The Crow Indians were awarded $2.7 minion by the DOE to study the feasibility of building a major 
commercial coal gasification facility on their reservation in Montana. 

The conceptual plan developed by the Crow Indians would use Lurgi technology to convert reservation coal 
reserves into synthetic natural gas at the rate of 125 million standard cubic feet per thy. 

Two mining areas on the reservation containing more than one billion tons of surface-mineable coal are 
potential supply sources for the project.
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The feasibility study is being conducted by a Crow-assembled team that includes Council of Energy Resource 
Tribes (CERT), Fluor Engineers and Constructors, Inc. as builder, and Pacific Coal Gasification Company (a 
subsidiary of Pacific Lighting Corporation) as operator. Westmoreland Resources, Inc., and Shell Mining 
Ventures, Inc., both of whom hold coal leases on the reservation, are assisting in the evaluation of alternative 
mine sites. The coal gasification facility may require approximately 100 MW of power for its own Internal 
use. 

Other factors have led the Tribe to conduct an Independent feasibility study to evaluate a coal-fired electric 
power generating station on the Crow Reservation, consisting of two 500 MW units. The proposed station 
would utilize coal and water supplies located on the reservation. 

Cost: $2.7 million (study) 
$3 to $4 billion Project 

DOW COAL LIQUEFACTION PROCESS DEVELOPMENT - Dow Chemical Company (C-240) 

Dow has developed a coal liquefaction process in a 200 pound per day laboratory pilot plant. The process uses 
an expendable molybdenum based catalyst. A solution of a water soluble molybdenum compound is emulsified 
in recycle solvent and the resultant emulsion is dispersed in the slurry of pulverized coal and recycle solvent 
prior to liquefaction. Hydroclones are used to achieve a partial solids removal from the reactor product and 
to provide a partial recycle of catalyst to the reactor. Hydroclone underflow is extracted with paraffinic 
solvent in a countercurrent liquid-liquid extractor to produce solids-free, low sulfur deasphalted oil and a 
high solids residue which is suitable as a gasifier feedstock. The recycle solvent for the process comprises 3 
parts of hydroclone overhead to 1 part of deasphalted oil. Dow has constructed a 200 pound per day mini-
plant. The skid-mounted mini-plant will offer support services for a planned 6 to 10 ton per thy pilot plant. 
Dow is hoping to integrate the pilot plant with an existing hydrocarbon plant in order to use existing support 
facilities, and has explored this possibility with a number of oil companies. 

Project Cost:	 Undetermined 

DOWSYN PROJECT - Dow Chemical Company (C-245) 

The Dow Chemical Company is proposing a project to produce medium-BTU gas from lignite and other lower 
rank coals using its own technology. The proposed plant has a nameplate capacity of 30 billion BTU of 
synthetic gas per day. Full commercial operation is scheduled for January 1987. Both price and loan 
guarantees are requested as well as a construction loan from the United States Synthetic Fuels Corporation 
under the third solicitation. On March 24, 1983 the SFC announced that the project had passed both the 
maturity and strength evaluations and had progressed to Phase II negotiations for assistance. 

Project Cost:	 Not disclosed 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Dunn-Nokota Methanol Project is a mine-mouth, coal-to-methanol complex that would produce 86,940 
barrels per stream thy (BPSD) of methanol from 43,150 net short tons per stream thy (SF/SD) of run-of-mine 
(ROM) lignite coal. As an alternative, Nokota is considering co-production of substitute natural gas (SNCI) 
and methanol. The proposed plant and mine site area is located approximately five miles southeast of Dunn 
Center, North Dakota. 

Dunn-Nokota is one of several projects to which the Department of Energy made an award in late 1980 under 
its Alternative Fuels Program. Nokota is conducting a number of technical, environmental, marketing, and 
financial reviews of the Project with the assistance of this grant. Firms participating in the DOE financed 
study include Dames & Moore, project manager and environmental consultant; Fluor Engineers and 
Constructors, Inc., for design engineering; Purvin & Gertz, Inc., for marketing and transportation planning; 
Williams Brothers Engineering Company, for pipeline transportation design and routing; John T. Boyd 
Company, for mine planning; Dillon, Read & Co. Inc., financial and economic analyses; and legal counsel in 
Bismarck, North Dakota, Atkinson & Dwyer, and in Washington, D.C., Hamel, Park, McCabe & Saunders. 

The feasibility studies have been completed and the results indicate that the project is economically and 
financially viable for the base case process producing methanol and carbon dioxide for enhanced oil recovery. 
The economic returns are also favorable for alternative cases in which the project would coproduce methanol 
and SNG, produce gasoline from methanol, or where the carbon dioxide is not sold as a by-product. 

4-86	 SYNTHETIC FUELS REPORT, JUNE 1983



STATUS OF SYNFUELS (Underline Denotes Changes Since March 1983) 

COAL CONVERSION PROJECTS (Continued) 

Nokota's schedule for the Project calls for phased construction and operation, with initial construction 
beginning in 1985 on a facility producing at one-half the full capacity. Commercial operation of this phase of 
the Project is scheduled for 1989. Construction of the remainder of the facility is scheduled to begin in 1988 
and to be in commercial operation in 1991. 
The major processes planned for converting coal to methanol are coal gasification using the Lurgi dry bottom 
gasification process, gas cooling, gas purification using the nonselective Rectisol process, methanol synthesis, 
methanol purification, CO2 removal, and methane reforming. Methanol synthesis will require four parallel 
trains, each designed to produce approximately 22,000 BPSD or 3,100 SF/SD of methanol. 
Nokota has completed essentially all drilling required to define the lignite resource of the mine site and has 
allocated sufficient reserves to meet the coal requirements of the plant over its expected life. At full 
capacity, the mining operation will use the coal under approximately 390 acres of land (14.7 million tons) 
each year. To achieve this delivery schedule, Nokota plans to operate three large walking draglines in 
separate mine areas. 

The site of the Dunn-Nokota Methanol Project is the same as that selected by the Natural Gas Pipeline 
Company of America (NGPL) in the mid-1970s for its proposed 275-MMSCFD coal gasification facility. 
Numerous studies by state universities, federal and state agencies, and private firms involving resource 
assessment and environmental evaluation have been conducted on this site. Since mid-1979, Dames & Moore 
has performed extensive environmental studies, has updated previous baseline data, where appropriate, and is 
assessing impacts of the Project. Essentially all of the baseline data required to evaluate the environmental 
effects of construction and operation of the Project has been compiled. 
Nokota's application for a PSD permit to construct with respect to this Project was deemed complete by the 
North Dakota State Health Department, effective June 30, 1980, and is currently under review. As required 
under the North Dakota Energy Conversion and Transmission Facility Siting Act, Nokota filed its letter of 
intent to construct an energy conversion facility with the North Dakota Public Service Commission on May 1, 
1981, and its ten-year plan on July 1, 1981. During July 1981, the Bureau of Reclamation was designated as 
lead agency within the Department of Interior for the purpose of preparing the Environmental Impact 
Statement (EIS) on the Dunn-Nokota Methanol Project. In November 1981, Nokota filed a water permit 
application with the North Dakota State Water Commission for 16,800 acre-feet of water annually for water 
make-up requirements of the facility. On March 15, 1983, the North Dakota State Water Commission 

to Construct" for the project. 

Project Cost:	 Estimated at $2.8 billion (in 1981 dollars) for the coal-to-methanol plant ($2.3 billion in the 
alternative where SNG Is co-produced) and $310 million (1981 dollars) for the mine. 

EMERY COAL CONVERSION PROJECT - Emery Synfuels Associates (Mountain Fuel Resources, Inc. and Mono 
Power Company) (C-260) 

Emery Synfuels Associates proposes to build a gasification plant at a site near the town of Emery, Utah. 
Preliminary approval of the site has been secured from the Utah Interagency Task Force on Power Plant 
Siting. Mountain Fuel Resources, Inc., has signed an option agreement to acquire water rights from the 
Muddy Creek Irrigation Company. Initial plant designs are being prepared based on the Lurgi process. The 
projected plant would produce commercial quantities of substitute natural gas and methanol. Mountain Fuel 
Resources, Inc., and Mono Power Company, a subsidiary of Southern California Edison Company, are 
conducting a feasibility study of the technical, economic, regulatory, and business aspects of the project. A 
decision to proceed with the project has been postponed until markets for large amounts of methanol become 
more established. The project is presently inactive. 

Project Cost:	 Undetermined 

ENRECON COAL GASIFIER - Enrecon, Inc. (C-270) 

Enrecon was developing a fluidized bed, medium-BTU coal gasification process in Golden, Colorado. The 60 
TPD Phase I pilot plant began operation in December 1979, and was operated until August 1980. Kinetic and 
equilibrium models predict system performance for different feed materials for SNG, hydrogen and synthesis 
gas production. Enrecon predicts over 75 percent cold gas efficiency at over 400 Btu/SCF using either 
western sub-bituminous or eastern bituminous coals.
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C.F. Braun & Co., a subsidiary of Santa Fe International, has completed an evaluation of how the ENRECON 
process compares technologically and economically with other known processes for SNO production. Costs 
range from $4.10 per million Btu to $4.50 using a Pittsburgh No. 8 coal at $27/ton, 1979 dollars, utility 
financing. 

Enrecon was seeking investors for the $25 million test program to complete its pilot plant studies of coal 
gasification. However, the fund raising effort proved unsuccessful and was terminated in August 1982. 

Enrecon has been moved to Pittsburgh, Pa. where the technology will be held pending some future interest. 
Enrecon holds a minority Interest in Encotec. Based on this experience, the new process is deslzned to retain 
the oDeratin cost advantages of the Enreenn S,ntpm while paa,,nli,n non14.1 .wfo . ..,.l, g 

Energy Conversion Technology, Ltd. (Encotec) has been formed to develop an innovative new fluidized bed 
process for the thermal and catalytic production of oil and gas from tar sands, oil shale and coal. Actively 
seeking project sponsors for 2 year project in shale, tar sands, and coal. Installment purchase of equity and 
consortium participation offered. Preliminary estimate Is $875,000, including new particulate removal unit. 
Estimated completion is 24 months from project start. 
The Encotec process can be used In conjunction with existing fixed-bed processes, since it can convert the 
fine materials produced by normal mining, crushing and grinding and which are not normally converted by 
these processes. Biomass may be converted to high quality gas (800 BTU per standard cubic feet) and oil by 
the use of the Encotec process and a proprietary catalyst. Liquid effluents are eliminated in a partial 
oxidizer and in a fluid bed combustor which are part of the Encotec oroeess. As an exemnie of nrnieeted 

Commercialization of this technology is planned in two steps to minimize technical risk while enhancing 
return on investment. First is the construction and°Tperation of a 6 to 8 inch Process Develoment Unit 
(PDU), followed by a demonstration program. 

Estimated Cost: $875,000 over two years 

EXXON CATALYTIC GASIFICATION PROCESS DEVELOPMENT - Exxon (C-280) 

Exxon Research and Engineering Company has completed a $16.8 million contract awarded by DOE in 
September 1978, for a Catalytic Coal Gasification (CCG) process development program continuing through 
March 1981. The Gas Research Institute (Gal) also participated in the project funding. The development 
program included operation of a one TPD Process Development Unit (PDU) which was constructed with Exxon 
funding, as well as bench-scale research and engineering support. The gasifier was started up in 1979 on 
Illinois No. 6 coal. 

The process uses a potassium catalyst (K2CO3) which promotes both the steam-carbon gasification and 
methanation reactions when added to the feed coal. The production of methane is thermodynamically 
favored at low temperatures. Due to the promotion of the K2 CO3 catalyst, the temperature is low enough 
(1300°F) to yield a high CH4 concentration. Since the amount of CO and H2 recycled back to the gasifier 
balances the amount of CO and H 2 leaving the gasifier, the net products of gasification are mainly CH4 and 
CO2, with lesser amounts of H2S and NH3. Because methane is produced directly in the gasifier, there is no 
need for water gas shift and methanation reactors. An oxygen plant is not required for carbon combustion 
since the heat required for gasification is essentially provided by the heat from the exothermic water gas 
shift and methanation reactions. One of Exxon Corporation's Dutch affiliates, Esso Steenkool Technology, 
plans to construct and operate a 100 ton-per-day pilot plant at Rotterdam, Europort, Holland. Operation of 
the unit is expected to begin in 1986. The new plant is part of an 8-year development effort which is 
expected to cost more than $500 million. 

Project Cost:	 $500+ million (Exxon Funded) 

EXXON DONOR SOLVENT PROCESS DEVELOPMENT - DOE, Exxon Company, USA, Electric Power Research 
Institute, Japan Coal Liquefaction Development Co., Phillips Coal Company, Arco Coal Co., Ruhrkohle A.G., and 
ENI (C-290) 

Exxon Research and Engineering Company and DOE entered into a Cooperative Agreement in July 1971 for 
an integrated coal liquefaction development program to develop the EDS coal liquefaction process, funded by 
DOE and seven private sector participants. A central feature of the research and development project is the 
operation of a 250 ton-per-thy coal liquefaction pilot plant which started up in 1980 in Baytown, Texas. First 
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operations were on Illinois No. 6 coal in the once-through mode between June 1980 and June 1981 with a total 
of 3,903 hours on coal. All subsequent operations were in the bottoms recycle mode, as follows: 
Wyoming coal July 1981-Oct. 1981	 1,842 hrs. on coal 
Illinois No. 6 coal Nov. 1981-Feb. 1982 	 2,024 hrs. on coal 
Wyoming coal Feb. 1982-May 1982	 1,080 his. Oil coal 
Lignite coal May 1982-Ongoing

The results of these tests indicate that the liquefaction section of a commercial-size plant operating on 
Illinois No. 6 could be designed when commercially justified. The final government co-sponsored test was 
concluded in mid-May 1982. Private sponsors continued testing Texas lignite until late summer 1982. 
Development of the hybrid boiler which combusts liquefaction bottoms to provide process heat and steam will 
continue into 1983. A toxicology program will also continue into 1985. Costs for the program are 
proportioned among the sponsors as follows: DOE-48%, Exxon Co., USA-24%, EPRI-12%, JCLD-8%, Phillips-
-2% Arco Coal-2%, Ruhrkohle-2%, and ENI-2%. 

Project Cost:	 $340.8 Million 

EXXON EAST TEXAS PROJECT - Exxon Coal, USA (C-300) 

Exxon was studying the possibility of constructing a 42,000 ton/thy coal gasification plant. The project was 
to be located at a mine to be constructed in the East Texas counties of Cherokee, Rusk and Smith. The plant 
was to produce 800 MMCFD of 400 BTU per SCF gas and 10,000 barrels per thy of liquids. The products could 
be used for industrial fuel or chemical raw materials. SASOL has tested a 16,000 ton sample of the coal to 
determine the technical feasibility of the Lurgi process for gasifying this lignite. Exxon signed a licensing 
agreement with Lurgi Kohlc and Mineraloltechnik of West Germany for the preliminary design phase. In early 
1982, Exxon decided it will not proceed with the project at this time. 
The Region VI Environmental Protection Agency held an £15 scoping meeting for the project late in 1980 in 
Jacksonville, Texas. EPA terminated the EIS after cancellation of the project. 

Project Cost:	 $20-i million for detailed design 
$4+ billion for commercial plant 

EXXON WYOMING PROJECT, COAL GASIFICATION - Exxon Coal, USA (C-310) 

Exxon is studying the possibility of constructing a coal gasification plant in northern Wyoming. Gas from the 
plant could be processed to produce SNG, methanol or some other form of liquid product. Exxon has state 
and federal leases in both Sheridan and Campbell counties; however, the probable location of the plant would 
be near Gillette, Wyoming, in Campbell County. Exxon has maintained its option with the Powder River 
Irrigation District, for 25,000 AFY from the proposed Middle Fork of the Powder River reservoir project. 
Exxon has optioned to ARCO one half of this volume. Status -planning. 

Project Cost:	 Undetermined 

FIAT/ANSALDO PROJECT - Westinghouse Electric Corporation, Fiat VFG, Ansaldo, European Economic Com-
munity, ENEL (Italian State Utility) (C-330) 

The Fiat/Ansaldo project, to be located in Sicily, will utilize the Westinghouse pressurized fluidized-bed coal 
gasification system in a power generation application. Low BTU coal gas will fuel a single gas turbine which 
will be one of two turbines in a 300 MW combined cycle plant. A 15 month feasibility study, funded by Fiat 
PIG and Ansaldo in cooperation with the European Economic Community and ENEL is to be completed during 
the first quarter of 1983. A follow on to the design study could lead to the construction of a coal gas 
combined cycle plant in Sicily which could be in operation as early as 1986. 

Project Cost: not available 

FIRST COLONY PROJECT - (see Peat Methanol Associates Project.) 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE GASES - DOE and Brookhaven National 
Laboratory (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 
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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 is being performed in an entrained tubular 
reactor. The independent variables to be investigated are type of coal, process gas, pressure, temperature 
and residence time. Other dependent variables include coal particle size and gas-to-solid feed ratio. The 
non-reactive gases being investigated include the inert gases, He, N2 and Ar chosen for their wide range of 
physical properties. The reactive gases include 112, CO, H2O and CH4 chosen because they are usually 
produced when coal is pyrolyzed. The light gas and liquid analyses are performed 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 to be reduced, correlated, and applied to a kinetic model. 

Project Cost:	 $250,000 

FLORIDA POWER COMBINED CYCLE PROJECT - Florida Power Corporation, DOE (C-360) 

The DOE awarded Florida Power Corporation $1,380,796 for a feasibility study for a medium BTU combined-
cycle repowering project to be located in Pinellas County, Florida. The project would use British Gas 
Corporation's slagging Lurgi gasifiers to supply medium-BTU gas to four General Electric combustion 
turbines. 

The Higgins Coal Gasification/Repowering Feasibility Study is complete and the final report has been 
submitted to the DOE. The study results indicate the project is technologically feasible. However, the 
capital cost estimate of $485 million is higher. than expected. The project is presently inactive. 

Study Cost:	 $1,380,798 
Project Cost: 	 $485 million 

FOREST CITY COAL GASIFICATION PROJECT - Billings Energy Corp; Forest City, Iowa; State of Iowa (C-370) 
Billings Energy Corporation proposes to build a hydrogen-from-coal plant in Forest City, Iowa. Plant would 
use entrained or fluidized bed gasifiers to produce low-BTU gas from 300 TPD of coal. Gas quality upgraded 
by shift conversion, acid-gas scrubbing, and pressure swing adsorption process to produce 4.1 billion BTU per 
day of hydrogen. Hydrogen to be used for power generation and to supply fuel to an industrial complex. 
Project funded $100,000 by Iowa State appropriation, and $65,000 contribution from Forest City. Additional 
funding requested through the Department of Energy. Schedule calls for groundbreaking by January 1, 1983. 
The application to the SFC under the first solicitation cited plans to use the Texaco gasifier for the project. 

Project Cost:	 Phase I - Economic Analysis, technical viability-$165,000 
Patents and Impact Statements - 24 months 
Phase 2 - Engineering, contract issuance (12 months) 
Phase 3 - Construction - $50 million (24 months) 

GAS TURBINE SYSTEMS DEVELOPMENT —DOE, General Electric Co., and Curtiss-Wright Corporation (C-380) 
General Electric and Curtiss-Wright were participating in a three-phase DOE sponsored program, the High 
Temperature Turbine Technology (HTVF) Program. Project objective was to develop, the technologies for a 
high temperature gas turbine which can be operated in a combined cycle facility. The turbine would burn 
coal-derived fuel at a firing temperature of 2,600°F, with a growth capability of extending the firing 
temperature to 3,000°F. Phases I and II have been completed, and the third phase was cancelled. No further 
work onHTTT is planned. 
Project Cost:	 Phase I - $ 9 million 

Phase H - $58 million 
Phase III - Cancelled 

GASIFICATION ENVIRONMENTAL STUDIES - University of North Dakota Research Center (C-390) 
The University of North Dakota Research Center (UNDRC) has the only oxygen-blown fixed-bed gasifier in 
the United States that is capable of operating on lignite. As such, the slagging fixed-bed gasifier (SFBG) pilot 
plant provides the only large-scale source of lignite-derived effluents for subsequent characterization and 
treatment studies. Theability to produce "representative samples" for treatment testing from lignite is 
critical, since lignite will be the feedstock for a number of the first-generation synfuels plants. 

The goals of work at UNDRC 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. This view is shared by American Natural Resources, sponsor of the Great 
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Plains Coal Gasification Project. The extent of wastewater treatment needed to produce a satisfactory feed 
to the cooling tower is unknown, and the environmental and economic risks are substantial. The most cost-
effective approach is to feed water directly from the extraction/stripping units to the cooling tower, without 
intermediate biological treatment. This wastewater, however, contains several thousand mg/i of COD - 
after phenolics and other organics are reduced to low levels. The behavior of these previously uncharac- 
terized 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, UNDRC has installed wastewater treatment 
process development units which simulate commercially available technology. During the first phase of the 
program, wastewater will be processed by solvent extraction and ammonia stripping before being fed to a 
cooling tower to simulate the processes to be employed at the Great Plains plant. A goal of the test, using 
wastewater derived from the same lignite tobe used by GPGA will be to characterize the nature of the drift 
and evaporate from the cooling tower as well as to assess the potential fouling of heat exchange surfaces. In 
the second phase, wastewater pretreatment will be enhanced by the inclusion of activated sludge processing, 
in addition to extraction and stripping, before feeding the cooling tower. 
In the interim, Iignitic wastewater will be tested in improved or alternative treatment processes. An area of 
treatment currently under investigation is the use of anaerobic degradation of wastewater contaminants, 
which offers the potential for reduced energy consumption. 
Estimated completion dates: Phase i - 10/01/83, Phase II - 01/01/84. 

Hydantoins, which are a class of cyclic organic compounds, have been identified in process gasification 
wastewater. They are not readily removed from wastewater by chemical or biological processes and have 
properties that could affect the reuse of treated wastewater in a cooling tower. 
A contract has been awarded to Radian Corporation to assist in the Phase I cooling tower assessment. They 
will assist in the interpretation of results using the EPRI cooling tower model to predict the fouling 
characteristics of process wastewater. The Department of Energy facilities, projects, and research personnel 
have been transferred to the University of North Dakota as the North Dakota Energy Research Center. 
Gasification research on low-rank coal is expected to continue at about the same funding level under the 
3-year cooperative agreement between University of North Dakota and Department of Energy. 
(NOTE: This project has appeared in previous issues under the title "Slagging Fixed-Bed Gasification"). 

Project Cost: $2.7 million per year 

GEGAS-D PROJECT - (See IGCC Simulation) 

GRAND FORKS LIQUEFACTION PROCESS FOR LOW-RANK COALS - (See Low-Rank Coal Liquefaction 
Research) 

GRANTS COAL TO METHANOL PROJECT - Energy Transition Corporation (C-410) 
Energy Transition Corporation proposed to build a 67 million gallon per year coal-to-methanol plant using the 
KBW gasifier. Ultimate production would be 500 million gallons per year. Price guarantees of 75 cents per 
gallon (January 1981 dollars escalated quarterly at the inflation rate plus 0.5 percent) were requested from 
the SPC. The Project was withdrawn from SPC consideration in December 1981. Plant location is the Lee 
Ranch, 32 miles northeast of Grants, New Mexico. The project is presently inactive. 

Project Cost:	 $350 million 

GREAT PLAINS GASIFICATION PROJECT - Great Plains Gasification Associates, (Composed of ANR Gasification 
Properties Company, Tenneco SNG Inc., Transco Coal Gas Company, MCN Coal Gasification Company, and Pacific 
Synthetic Fuel Company) (C-420) 

Initial design work on a coal gasification plant to be located near Beulah in Mercer County, North Dakota 
commenced in 1973. Michigan Wisconsin Pipe Line retained such companies as C-E Lummus, Raymond Kaiser 
Engineers and Lurgi Kohle and Mineraloltechnik GmbH to perform major engineering work. 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 PERC). 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. Peoples Gas Company (now MidCon Corporation) was added as an equal 
partner in 1977. Financing problems still continued and in 1978, at the recommendation of the Department of 
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Energy (DOE), three additional partners were added to the project and a partnership named Great Plains 
Gasification Associates was formed by affiliates of American Natural Resources, Peooles Gas, 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: Also in this time frame, ANG and DOE entered 
into a $25 million cooperative agreement that would be repaid once financing was in place. 

In late March 1980, General Motors, the State of Michigan, the New York Public Utilities Commission and the 
Ohio Consumer's Counsel filed to have the FERC order overturned on the ground the FERC had overstepped 
its authority in granting the tariff provisions that would allow the project to be financed. This effectively 
put a temporary hold on the construction of Great Plains, which had been expected to begin in April. In order 
to keep the project alive, Great Plains requested and received a $250 million loan guarantee to cover costs 
during the first year of construction. Site grading and preliminary construction activities began in late July 
1980. In November 1980, DOE announced the new conditional approval of up to $1.5 billion of the project 
cost. However, before this agreement could be finalized, the U.S. 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. After months of negotiations among the sponsors, the FERC staff and the intervenors, in 
April 1981, an agreement was reached whereby the gas would be sold under a formula which escalates 
quarterly according to increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits 
placed on the formula by the price of other competing fuels. During these negotiations, Columbia Gas 
withdrew from the project. 

However, full scale construction could 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 is sufficient 
to cover the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the 
plant, a SNG pipeline to connect the plant to the interstate natural gas system, and a contingency for 
overruns. 

Finally, approval of the loan guarantee was received on January 29, 1982. The debt secured by the loan 
guarantee will be received through weekly drawdowns from the Federal Financing Bank, a corporate 
instrumentality of the United States of America. The project sponsors are 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. 

On May 13, 1982, it was announced that a subsidiary of Pacific Lighting Corporation would acquire a 10% 
interest in the partnership; 7.5% from ANR's interest and 2.5% from Transco. The consortium is as follows 
after the transfer which was approved by the DOE in November: 
•	 American Natural Resources - Detroit, Michigan 

Partner - ANR Gasification Properties Company 	 25.0% 
Purchaser - Michigan Wisconsin Pipe Line Company 25.0% 

•	 Tenneco Inc. - Houston, Texas 
Partner - Tenneco SNG Inc. 30.0% 
Purchaser - Tennessee Gas Pipeline 30.0% 

•	 Transco Companies, Inc. - Houston, Texas 
Partner —Transco COal Company 20.0% 
Purchaser - Transcontinental Pipe Line Corp. 25.0% 

•	 Mid-Con Corporation - Chicago, fllinios 
Partner - MCN Coal Gasification Company 15.0% 
Purchaser - Natural Gas Pipeline Co. of America 20.0% 

•	 -Pacific Lighting Corporation - Los Angeles 
Partner - Pacific Synthetic Fuel Company 10.0% 
Purchaser - (none)

The project, when completed in late 1984 will produce 125 million cubic feet per day of high BTU pipeline 
quality synthetic natural gas, 93 TPD of ammonia, 85 TPD of sulfur, 200 MMcfd of CO2, and other 
miscellaneous by-products. Estimated costs to completion is approximately $2.1 billion (excluding any 
pipeline costs but including $155 million of mine costs). 
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Contracts that have been awarded for major portions of the facility include: 
two air separation plants - Lotepro, a subsidiary of Linde AG, West Germany; 
three steam boilers tired by waste gas and liquid by-products - Riley Stoker Corporation, Worcester, 
Mass.; and 

•	 Stretford H 2 5 removal unit - Ralph M. Parsons Company. 
As of the end of AeEg 1983, construction was approximately 58%complete, engineering was about 99% 
complete, and procurement of all materials was 100% complete. All 14 Lurgi gasifiers had been installed by 
early November. 
Spending for the project through 	 1983 was approximately $1.00? billion. 

Project Cost:	 $2.1 billion 

GREFCO LOW-BTU PROJECT - DOE, General Refractories Company (GREFCO) (C-430) 

DOE awarded General Refractories Company approximately $1 million to perform an engineering feasibility 
study for a low BTU facility. The 3.5 billion BTU per day of industrial fuel gas produced would be used for 
drying of building products and also for fuel in perlite-expanding furnaces. The feasibility study conducted by 
Dravo Corp. is complete. 

The primary purpose of the study was to provide General Refractories with sufficient engineering and 
financial information to determine the viability of a gasification facility at their Florence, Kentucky, plant. 
Five Wellman-Galusha gasifiers would be required to produce 6 billion per day. The study also investigated a 
two-gasifier facility that could be expanded by the addition of three more gasifiers. The two-gasifier facility 
would not become competitive with natural gas until after 1990 if at all whereas the five-gasifier facility 
would break even somewhere between 1984 and 1989. General Refractories has decided to wait until more 
substantiating evidence is available that natural gas prices will rise as is now being predicted. 

Project cost:	 five gasifiers - $33 million 
two gasifiers - $24 million 

GULF STATES UTILITIES PROJECT - Westinghouse Electric Corporation (sponsor), Gulf States Utilities Co. 
(partner), Dravo Corporation, Stone & Webster Inc., Energy Impact Associates (environmental assessment), Arthur 
Anderson (financial assessment), DOE (C-440) 

The proposed Gulf States Utilities project, to be located at the Gulf States Utilities Roy S. Nelson Station in 
Louisiana, will utilize the Westinghouse pressurized fluidized-bed coal gasification system in a power 
generation application. Wyoming sub-bituminous coal will be gasified to fuel a 100 MW Westinghouse W501D 
combustion turbine in a repowering combined cycle system. A $1.4 million DOE funded feasibility study will 
be completed during the last quarter of 1982. The coal gasification system could be operational at the site by 
the last quarter of 1985. 

Project Cost:	 Not disclosed 

HAMPSHIRE GASOLINE PROJECT - Hampshire Energy Group, Northwestern Mutual Life Insurance, Metropolitan 
Life Insurance Company, Hoppers Co., and Kaneb Services) and DOE (C-450) 

In response to DOE's initial solicitation under Public Law 96-126, Hampshire was awarded $4,000,000 for a 
feasibility study of a coal-to-gasoline facility. Price and loan guarantees for the project were requested from 
the Synthetic Fuels Corporation. The project passed the SFC's strength criteria and progressed to the second 
phase of negotiations for assistance. 

In September 1981, Hampshire Energy submitted an application for a permit to build the facility at a site 10 
miles southeast of Gillette, Wyoming in Campbell County. The plant will convert 15,400 TPD of purchased 
coal into approximately 19,000 BPD of gasoline, 914 BPD of propane LPG, and 1618 BPD of mixed butanes. 
Fourteen Lurgi pressure gasifiers (427 PSI) will gasify 11,000 TPD of coal, while 4,400 TPD will be gasified in 
three parallel Hoppers-Babcock and Wilcox (KBW) atmospheric gasification units. The KBW gasifiers will use 
the fines (under 1/4 inch) from the coal preparation operation, leaving the larger size coal (4 inch x 1/4 inch) 
available for Lurgi feed. 

Following removal of by-products, the Lurgi crude gas will be mixed with a portion of the HEW gas and 
processed by shift conversion to produce hydrogen to maintain the proper hydrogen-to-carbon monoxide ratio 
in the methanol synthesis feed gas. The gas stream from shift conversion will be cooled before entering the 
Rectisol Unit.
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Naphtha, carbon dioxide and sulfur compounds will be removed from the gas stream. The naphtha will be 
hydrotreated to remove sulfur compounds before being blended with the main gasoline product. The carbon 
dioxide by-product from shift conversion will be used in oil fields for enhanced oil recovery (ROR) operations. 
The sulfur compounds will be converted to elemental sulfur. Purified synthesis gas from Rectisol Unit will be 
mixed with a recycled hydrogen stream, compressed, and fed to the methanol synthesis loop. The crude 
methanol product will be converted to high quality gasoline, liquefied petroleum gas (LPG), and isobutane via 
the Mobil IMT? process and associated process units. 

The methanol-to-gasoline conversion will occur in two trains of process units designed to process the total 
methanol production. A dimethyl-ether (DME) reactor and five parallel conversion reactors in each train will 
convert the methanol produced to a marketable grade of gasoline. 

Gasoline will be transported to market by rail. The potential of gasoline transport by pipeline is being 
evaluated. Carbon dioxide will be delivered to market by a separate pipeline. Ammonia, propane, butane and 
sulfur will be delivered to their market destination by rail and/or truck. 

Initial construction activities were planned for April 1982, contingent upon receipt of applicable permits. 
However, the Wyoming Department of Environmental Quality requested further information from the project 
sponsors. The state delayed action on permits for air quality, water quality and solid waste management. 
Following several weeks of testimony, the Wyoming Industrial Siting Council unanimously approved the 
project on November 20, 1982. The permit to build the plant was a major hurdle for the project. 

The sponsors have conducted expanded studies of the water supplies needed for the project. These studies 
indicate the project's use of the Lance/Fox Hill aquifer will not affect other water users. 

A 44-month construction period is planned, with mechanical completion originally scheduled by the end of 
1985. Estimated construction cost in 1981 dollars is $1.3 billion. 

On October 19, 1982, Standard Oil of Ohio announced it was withdrawing from the project. Although the 
remaining four participants expressed confidence in the project, on December 2 they announced they were 
indefinitely postponing the start of construction. 

The project sponsors reapplied for loan and price guarantees from the SFC under the third solicitation, but 
the project was dropped from consideration on May 26, 1983.	 - 

Project Cost:	 $2 billion 

H-COAL PILOT PLANT - DOE, Ashland Synthetic Fuels, Inc., Conoco Coal Development Co., Mobil Oil Corp., 
Standard Oil Co. (Indiana), Commonwealth of Kentucky, Electric Power Research Institute, Ruhrkohle AG (West 
Germany), Hydrocarbon Research Inc. (subsidiary of Dynalectron Corporation) (C-460) 

The H-Coal R Pilot plant, located adjacent to Ashland's Catlettsburg, Kentucky refinery, has completed its 
successful two and one-half year demonstration program. With completion of the program, the H-Coal 
process (developed and licensed by Hydrocarbon Research, Inc., HRI) has demonstrated all of the components 
required for commercial application of the technology. 

The H-Coal Pilot Plant is sized to process 200 to 600 tons per day of coal, depending on the process severity 
selected. Initial coal operations began in May 1980 and were completed in December 1982. About 7,000 
hours of an on-coal operating experience was accumulated with over 56,000 tons of coal processed. Four coal 
types were processed including Illinois No. 6, Kentucky 9, and Kentucky 11 bituminous coals, and Wyodak sub-
bituminous coal. Some significant operating highlights include: Coal Run No. 6, with 46 days of continuous 
operation on Illinois No. 6 coal; Coal Run No. 8, with 131 days of continous operation on oil or Illinois No. 6 
coal plus oil; and Coal Run No. 10, with 34 days of continuous operation on Wyodak coal. 

The H-Coal Pilot Plant operations have registered some important accomplishments regarding the commer-
cial viability of the H-Coal Process. Long coal runs (Coal Run No. 8) have established the mechanical 
operability and reliability of the process in commercial-scale equipment. These runs have also provided 
engineering design and operating data on critical pieces of equipment, including slurry preheaters, slurry 
letdown valves, slurry pumps, H-Coal reactor, and reactor internals. In addition, appropriate materials of 
construction and maintenance requirements for key items of equipment have been identified. Finally, 
material balances performed have confirmed the scale-up of the H-Coal Process chemistry in the large 
reactor (5 foot diameter). 

In the H-coal process dried and ground bituminous, sub-bituminous, or lignite coal is slurried with process 
derived oil then pumped and heated to reactor conditions. The coal is reacted with hydrogen in an upflowing 
ebullated catalyst bed. Reactor effluent is depressurized and hydroeloned into a low ash recycle and a high 
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ash stream which is fractionated to final products. In a commercial plant, the solids-bearing vacuum tower 
underfiow could be gasified for hydrogen production. 11111 is conducting a continuing program of R & D for 
H-Coal process improvement. 

Project Cost:	 $320 million (Design-$14.7 million, Construction-$157.3 million, operation for 
two and one-half years-$148 million) 

Project Funding:	 Department of Energy - 80% 
Industrial Participants - 20% 

(NOTE: also see Breckinrie Project) 

HOWMET ALUMINUM PROJECT - Howmet Aluminum Corporation, Lancaster, Pennsylvania (C-470) 

A ten-foot diameter single stage Wellman-Galusha gasifier was installed to produce low-BTU gas equivalent 
to 500 million BTU per day for use in aluminum melting furnaces. The low BTU gas from the gasifier was 
mixed with a small amount of fuel oil or natural gas and the mixture was successfully used in an aluminum 
melting furnace for several months. The unit is presently off-stream because a sufficient amount of natural 
gas is available. 

Project Cost:	 $700,000 

IGCC EXPERIMENTAL SIMULATION - General Electric Company (C-480) 

GE is using a 24 TPD, 23 atmosphere coal gasification facility to provide an accurate simulation of an 
integrated gasification, combined cycle (1GCC) power generation system. The plant, located at GE's 
Research and Development Center at Schenectady, New York, was first operated in 1976. The facility 
incorporates a fixed bed gasifier developed by GE, to study the gasification of highly caking fuels at reduced 
steam/air ratios under clinkering conditions. In addition complete fuel gas physical and chemical clean-up 
equipment is included, and a turbine simulator is used to evaluate combustion characteristics. Estimated 
completion date is September 1983. The entire system is fully operational and has been evaluated over a 
wide spectrum of operating conditions and with a range of coal types. A test series was completed in which 
the gasification and cleanup system supplied clean coal-derived fuel to a turbine simulator operating at 
advanced gas turbine firing conditions of 2,600°F turbine inlet temperature and a pressure ratio 12 to 1. A 
$9.3 million DOE program is currently underway to develop the technology base needed to ensure 
compatibility with the constraints imposed by end-use applications. These constraints include dynamic load 
response to variations in end-use demand, and compliance with environmental regulations. The first two 
years of this program have resulted in significant achievements in these areas. Operation with sulfur capture 
in excess of 90% was maintained throughout a wide range of system conditions, and during major component 
and system steady state and transient tests. System liquid effluent was characterized, and the parametric 
influence of operating conditions on effluent flow rate and composition was examined. Concepts for further 
improvement in emissions performance were evaluated at a laboratory scale and facility based experiments 
were planned. Verification of the component models by means of realistic tests on representative hardward 

Project Cost:	 $7.8 million 

INTEGRATED TWO-STAGE LIQUEFACTION - DOE and Cities Service/Lummus (C-490) 

A program has been initiated between DOE and Cities Service/Lummus for study on the chemistry, 
mechanisms, and process conditions for the expanded bed upgrading of coal extracts. This study will be 
combined with the exploratory development of an Integrated Two-Stage Liquefaction (ITSL) process. No 
effect of solvent boiling range (500 - 850°F to 740 - 850 0F) was noted for 850°Ff conversion at a 780°F 
operatinF, temperature. The denitrogenation was improved with a heavier boiling solvent. The thermal effect 
upon 850"F+ SRC-I coal extract conversion using a calcined extrudate (no metals loading) is less than would 
have been expected from petroleum residuum considerations. A substantial portion of the 850°F+ conversion 
of coal extracts is catalytic in nature. The first phase of a parametric study on total reactor pressure, space 
velocity, and temperature has been completed. The high chloride content of SRC-I coal extracts obtained 
from the Pyro and Lafayette mines has essentially no effect on the LC-Fining hydroprocessing. The influence 
of diffusion on catalyst performance is being measured by comparing the results from three different sized 
extrudates. 

In the Integrated Two-Stage Liquefaction process, the non-catalytic short contact time (SCT) coal dissolution 
and C-E Lummus antisolvent deashing have been successfully combined. 

4-95	 SYNTHETIC FUELS REPORT, JUNE 1983



STATUS OF SYNPUELS (Underline Denotes Changes Since March 1983) 

COAL CONVERSION PROJECTS (Continued) 

Using Indiana V coal, this portion of the program has demonstrated the following results: the distillate (C5-
850°F) product contains less than 0.2% nitrogen and 0.2% sulfur overall distillate yield is 3 barrels per ton of 
moisture tree coal; the LC-Finer catalyst activity has been maintained for over 1300 pounds of 850°F+ feed 
per pound of catalyst with a maximum reactor temperature of 780°F; the SCT reaction is in solvent balance 
and achieves over 90 percent conversion of MAP coal with a chemical hydrogen consumption of less than one 
percent; the heavy oil product from LC-Fining is an excellent hydrogen donor for the SCT reaction. 
C-E Lummus and DOE have signed a $10.31 million contract to extend the work on ITSL for an additional two 
years beginning July 1, 1982. Cities Service will assume an expanded role for data analysis, correlations and 
report writing from the I'l'SL pilot unit. The new contract will allow additional coals (including Western coals 
and cleaned Eastern coals) to be tested in the 1/3 tpd PDU. 
Recycling hydrogenated solvent from the upgrading unit together with liquefying coal at soot and 1 to 
5 minutes in the first stage results in essentially no hydrogen being injected into the liquefier when processing 
Illinois No. 6 coal. The solvent is hydrogenated while the syncrude is being upgraded in the second stage. As 
with Indiana No. 5 coal, about 3.2 barrels of naphtha and middle distillate are produced per ton of MAP coal 
containing less than 0.2 percent nitrogen, 0.1 percent sulfur, and 0.5 percent oxygen. 
A year-long run in the P013 processing Illinois No. 6 coal has clearly demonstrated that the catalyst will be an 
insignificant part of the cost of producing coal liquids. Each pound of catalyst had been exposed to 2,000 
pounds of coal extract. Catalyst deactivation is circumvented by lower temperatures and higher solvent 
quality. 
A Wyodak sub-bituminous coal is now being processed in the PDU at C-E Lummus, New Brunswick, New 
Jersey. 

Project Cost:	 $17.6 million 

IRON CITY PROJECT - Iron City Fuels, Inc. (C-496) 
Project has been cancelled 

Project Cost:	 $140 million 

KEN-TEX PROJECT - Texas Gas Transmission Corporation (C-500) 
Texas Gas acquired from Consolidated Coal Company a half interest in an extensive block of coal reserves in 
the Illinois basin area. The reserves are in two parcels. Approximately 3.5 trillion SCP of SNG are 
recoverable from the reserve. Texas Gas and the Commonwealth of Kentucky proposed a two-phase program 
to develop a coal gasification complex to be located on the Ohio River in western Kentucky. HYGAS Process 
would be used to produce pipeline quality high-BTU gas of 975 BTU per cubic feet heating value. Phase 1-80 
MMSCPD demonstration plant. Phase 11-250 MMSCFD commercial facility. 
The project is dormant. 

Project Cost:	 $750 million for Phase I - 80 MMSCFD 

KEYSTONE PROJECT - Westinghouse Electric Corporation, Fluor Engeen Incorporated (C-Sb) 
The proposed Keystone Project will utilize domestic coal resources to produce medium BTU fuel gas using the 
Westinghouse pressurized, fluidized-bed coal gasification system. The output of the initial two-gasifier 
module operating at 2,000 tons per day coal throughput will be used for supplemental firing of existing steam 
boilers or for firing a combined-cycle power generation facility to produce a net electrical output on the 
order of 150 MW. Subsequent modules will consume up to 8,000 TPD additional coal for producing additional 
fuel gas and methanol for power generation and transportation fuel. 
The plant will be located in Cairnbrooke, Somerset County, Pennsylvania adjacent to large existing coal 
resources and near markets for utility power and methanol. A feasibility study funded in part by the 
Department of Energy was completed in December 1982 and the project submitted a proposal for price 
supports and loan guarantees to the United States Synthetic Fuels Corporation in January 1983 as part of its 
third round solicitation. The maturity test was passed in March 1983 and strength test was passed May 1983. 
The project advanced to Phase II negotiations with the SFC on May 26, 1983. A letter of intent from the SFC 
is expected by September 1983. The project will achieve level II/III engineering and cost estimate 
requirements by August 1983 and has over 60 percent of the required equity to proceed. The planned 
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schedule is to begin detailed engineering in January 1983, begin construction in March 1985, and initiate 
commercial operations in January 1988. 

Project Cost: $425 million 

KILnGAS PROJECT - Allis-Chalmers, State of Illinois, Electric Utility participants are: Baltimore Gas and 
Electric Co., Central Illinois Light Company, Consumers Power Co., Illinois Power Co., Iowa Power & Light Co., 
Monongahela Power Co., Ohio Edison Co., The Potomac Edison Co., Public Service Indiana, Public Service Co. of 
Oklahoma, Union Electric Co., West Penn Power Co., Electric Power Research Institute (C-520) 

The KILnGAS process is based on Alis-Chalmer's extensive commercial experience in rotary kiln, high 
temperature minerals processing. A pilot plant in Oak Creek, Wisconsin has operated at 60 TPD throughput. 
Groundbreaking for a 600 TPD Commercial Module plant occurred on October 31, 1980. Detailed engineering 
design and procurement of long-lead equipment are more than 60% complete. Foundations for the major 
equipment are now in place. Fabrication of the 190' long x 13' diameter ported rotary kiln gasifier shell was 
completed at the West Allis plant of the Allis-Chalmers and was installed at the plant site. Pressure tests of 
the gasifier were performed at the end of May 1982. In addition, equipment for the auxiliaries are now on 
order with about 80% already at the site. The plant will provide low-BTU (160 BTU per SCF) gas to the Wood 
River Station of the Illinois Power Company at East Alton, Illinois. Mechanical completion is scheduled for 
late 1982. Gilbert/Commonwealth Associates, Inc., is the architect-engineer. J.A. Jones Construction of 
Charlotte, N.C. is the construction manager for the plant. State of Illinois has allocated $18 million in Coal 
Development Bond Act funds to assist in construction of the plant. EPRI joined the project in March 1982 
and will provide funding of two additional tests of high sulfur caking coals (Illinois No. 6 and Pittsburgh No. 
8). The objectives of the KILnGAS Demonstration Program are the following: (1) Demonstrate technical 
performance in a utility environment; (2) obtain operating data for forecasts of commercial production costs; 
(3) obtain data to confirm process design; and (4) establish the design basis for proceeding with 4,000 to 
5,000-TPD units. With the successful operation of the Commercial Module plant in 1983, Allis-Chalmers 
plans to offer these larger plants on a turnkey basis with normal commercial warrantees. The plant is 
scheduled to start-up in June 1983. A price guarantee was requested from the United States Synthetic Fuel 
Corporation under the third solicitation. The project passed the SFC's project maturity test, but did not pass 

Project Cost:	 Estimated at $137 million, which includes two years of operation. 

Committed Funding Sources: 

Electrical Utility Participants $ 34	 million 
State of Illinois $ 18	 million 
Allis-Chalmers $ 79.5 million 
EPRI (testing only) $	 5.75 million 
TOTAL $137.25 million

KING-WILKINSON/HOFFMAN PROJECT - King-Wilkinson, Inc. and E. J. Hoffman (C-530) 

Project sponsors are developing a packaged, skid-mounted unit with a throughput of 100 to 200 TPD of coal to 
utilize the Hoffman coal gasification process. In addition to synthetic fuels from coal, the process produces 
carbon dioxide that can be used for enhanced oil recovery. The process is a direct catalytic gasification 
technology utilizing an ebullating bed reactor. Pulverized coal and alkali (sodium or potassium carbonate) are 
fed into the catalyst bed. Alkali-nickel catalysts can be used to produce methane whereas alkali-iron 
catalyst can be used to product liquids. Project sponsors are seeking additional equity sponsors to test a pilot 
scale unit. 

Project Cost: not specified 

LAKE DESMET SNG FROM COAL PROJECT - Texaco Inc. and Transwestern Coal Gasification Company (C-540) 

Project has been cancelled. 

LC-FINING PROCESSING OF SRC EXTRACT - DOE and Cities Service (C-550) 

Pilot plant studies were made to demonstrate the use of Lummus/Cities-Fining (LC-Fining) technology to 
upgrade solvent refined coal extract (SRC-1). SRC-I, which initially contains 0.8 percent sulfur and 2.0 wt. 
percent nitrogen, has been upgraded to distillate products which contain F 100 ppm sulfur and 0.3 wt. percent 
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nitrogen using NiMo catalysts. Ninety percent conversion of SRC-I to distillates has been obtained in recycle 
operation. Additional work has been undertaken to investigate the effects of processing with a 680°F plus 
solvent. Both 50/50 and 70/30 SRC-1 solvent feed blend ratios have been run. SRC-I from Western coal, and 
short residence time (SCT) coal extract prepared at Wilsonville (both deashed and non-deashed) have been 
tested. The process parameters of hydrogen pressure and space velocity have been examined with both SRC-I 
and SCT. Higher pressure operation tenth toward a decrease in the catalyst deactivation rate for conversion. 
Expanded bed processing in the various modes desdribed above has been demonstrated to be completely 
feasible and desirable to produce low nitrogen distillates (390-850 0F). The technical information derived from 
this work is being used in support of the current DOE-sponsored two-stage liquefaction program. Hydro-
cracking of the SR-I/SCT coal extracts in the presence of selective catalyst and under optimum conditions 
of temperature and space velocity, enhanced the production of middle distillate liquid fuels, minimized the 
formation of light hydrocarbon gases, and optimized the overall utilization of hydrogen. SCT coal extracts 
show a greater percentage denitrogenation in the total liquid product than SRC-I coal extract. Also SCT coal 
extracts show a lower C1-c4 gas yield. PDU operations under this contract have been completed and a final 
report has been issued by NTIS (DOE/ET/10135-TI. "Ex panded Bed Hvdrowae psqinw nf Snlvnt Pnfinnil ('nal 

Project Cost:	 $2.8 million 

LIGNITE BRIQUETTE GASIFICATION PLANT - Black, Sivalls & Bryson, Incorporated, Texas Energy and Natural 
Resources Advisory Council, Elgin-Butler Brick Company (C-560) 

A feasibility study jointly conducted by Black, Sivalls & Bryson, Incorporated (BS&B), and Texas A & M, 
showed that briquetted lignite is usable as a gasifier feed stock. BS&B was awarded a contract to provide 
engineering design and economic analysis for the construction of a commercial lignite briquette gasification 
plant. Texas Energy and Natural Resources Advisory Council provided $100,000 of the contract and under the 
terms of a cooperative agreement, BS&B and Elgin-Butler Brick will contribute the equivalent of $100,000 
and $50,000 respectively. The plant will be designed to produce fuel gas for the brick and ceramic kilns of 
Elgin-Butler who recovers 140,000 tons of lignite annually in the process of clay mining in central Texas. 
The project is nearly complete with start up scheduled for April 1983. The process has successfully 
demonstrated thermal cracking of tars and oil to produce a clean gas. Three other gasifiers have been sold to 
the Ministry of Energy in Ontario, Canada (5 million BTU per hour), Delta Brick and Tile (70 million BTU per 
hour) and Taylor Clay Products (20 million BTU per hour). 

Project Cost: 	 $250,000 engineering design and economic analysis 
$1.5 million for 35 million BTU per hour gasifier, coal storage, and plant retrofits 

LOW-RANK COAL LIQUEFACTION RESEARCH - University of North Dakota Research Center (C-Sb) 

University of North Dakota Research Center (UNDRC) are engaged in research aimed specifically toward 
advancing the technology of low-rank coal (LRC) liquefaction. Liquefaction research facilities include: 1) a 
10-lb/hr continuous process unit; 2) a batch reactor that can be charged hot and sampled during testing; and 
3) highly sophisticated analytical equipment including NMR, GCMS and X-ray spectrometry. UNDRC has 
both hot- and cold-charged batch reactors and extensive equipment and laboratory facilities for low-rank coal 
liquefaction research. Program objectives have included work with both lignite and sub-bituminous coals, and 
recent efforts have focussed on process adaptation, disposable catalysts including hydrogen sulfide, product 
characterization, kinetic model development, and tracer studies using deuterium and '3C0. 

Process adaptation studies have included parameteric investigations of reaction variables to identify the 
necessary changes in design and operating conditions required to adapt the major developing processes of 
SRC-I, SRC-11, H-coal, and Exxon Donor Solvent for use with low-rank coals while effectively utilizing the 
unique properties of these coals. These properties include high moisture, high reactivity associated with 
oxygen functionality and alkaline mineral matter content, which is largely inherent rather than extraneous. 
The results of these studies indicate that product yield and process operability are improved by inclusion of at 
least some of the inherent moisture in low-rank coals and by the use of some carbon monoxide in the reducing 
gas, rather than pure hydrogen. Tests with bottoms recycle to simulate SRC-II showed that lignite could 
produce distillate oil yields comparable to those from bituminous coals and that this mode of operation 
resulted in about a 50-percent increase in oil yields over those obtained in the SRC-1 simulation without 
bottoms recycle. Coal variability studies established a base from which the liquefaction behavior of Gulf 
Coast and Northern Great Plains lignite could be compared. Aside from geographic location, one obvious 
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difference between the northern and southern lignites was found in sodium content, with the northern lignites 
having appreciably higher sodium concentrations than the Texas lignites. Batch and continuous liquefaction 
tests using hydrogen or a mixture of hydrogen and carbon monoxide indicated that the liquid yields and 
conversions obtained from these lignites were nearly identical and generally less than from bituminous coals 
when processed in the Sac-I mode. 
Disposable catalyst studies using hydrogen or syngas and with both hydrogenated and unhydrogenated solvents 
were performed with eight lignites and three sub-bituminous coals chosen for their wide diversity of mineral 
matter. In the batch tests, both hot- and cold-charged which represent "coal only" non-recycle tests, it was 
not possible to discern any catalytic effects associated with inherent mineral matter. Experiments in which 
portions of the THF soluble matter (inorganics and unreacted coal) from previous tests were added back to a 
fresh coal slurry proved inconclusive. Continuous tests with other disposable additives, such as iron pyrite 
and magnetite, showed the presence of iron to be beneficial in promoting hydrogenation of the product. 

The most significant breakthrough for direct LRC liquefaction has been in the area of homogeneous catalysis. 
Research performed by the Department of Chemistry at UND indicates that the active catalyst in some 
disposable catalyst systems may not be the metal but rather the sulfur or hydrogen sulfide, a component 
generally found only in low concentrations in LRC. 
Continuous tests employing slurry recycle and using added hydrogen sulfide in catalytic quantities have 
indicated that a significant reduction in processing temperature is possible while maintaining a relatively high 
yield of distillable oil. Recycle tests made with a low-sulfur Texas lignite and with the addition of hydrogen 
sulfide showed that nearly equal yields of total oil were obtained at 400 9C when compared to the yields 
obtained at the non-catalyzed optimum temperature of 460 9C. At the lower temperature, slightly less 
distillate and slightly greater solvent-refined lignite yields were obtained; however, the hydrogen consump-
tion at 400°C was less than a third of that at the non-catalyzed optimum. Thus hydrogen sulfide appears to 
be an inexpensive, disposable liquefaction catalyst which allows liquefaction to occur at reduced tempera-
tures with excellent distillate oil yields and with significant reductions in hydrogen consumption. 

The thrust of analytical research in product characterization is to better understand the chemistry of coal 
liquefaction and relate it to coal structure and process parameters. Work has included development of 
advanced techniques for characterizing the aliphatic, aromatic, and phenolic fractions of liquefaction 
products. Recent research efforts have shown that: 1) the concentration of normal alkanes in the distillable 
oils when syngas was used for processing was about twice that obtained when hydrogen was used; 2) the use of 
added hydrogen sulfide during liquefaction resulted in higher concentrations of hydroaromatics in the recycle 
solvent; and 3) sulfur was not incorporated to any appreciable extent in the distillable products during 
liquefaction with added hydrogen sulfide. 

(NOTE: This project has appeared in previous issues under the title "Grand Forks Liquefaction Process for 
Low-Rank Coals"). 

Project Cost: $1.2 million, FY 1983 

LOW/MEDIUM BTU GAS FOR MULTI-COMPANY STEEL COMPLEX - DOE, Northern Indiana Public Service 
Company, Bethlehem Steel Co., Inland Steel Co., Jones and Laughlin Steel Co., National Steel Co., and Union 
Carbide Corporation (C-580) 

DOE funded a study to determine the feasibility of constructing a commercial coal gasification facility to 
supply low/medium BTU gas to the six participating firms. The study determined the usability of low-medium 
BTU gas by the steel companies and other industries in northern Indiana, established a conceptual design and 
economics for the initial commercial plant, analyzed the commercial and financial feasibility of the project 
and recommended the approach to organize and implement the project. A proposal for a second phase 
feasibility study was submitted to DOE in April 1981, but was turned down. The project has been shelved and 
the sponsors do not intend to revive it in the foreseeable future. 

Project Cost:	 $922,000 

MARCO COAL-TO-METHANOL PROJECT - Mapco Synfuels (C-590) 

MAPCO proposes to use the Texaco gasification process and the low pressure ICI methanol synthesis process 
for a methyl fuel project. The mine-mouth site is located near the White County Coal Company, Carmi, 
Illinois. As presently designed, the plant will convert 4,400 TPD of Illinois No. 6 coal into 2700 TPD of fuel 
grade methanol, with an option for chemical grade product. The Phase I conceptual engineering and cost 
estimate was completed in July 1982 by Kellogg/Rust Synfuels of Houston. 
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The project was under active consideration by the SFC under their solicitation, but to allow for more orderly 
project development, MAPCO requested that the project be removed from consideration. Planning efforts 
are focusing on definition of Phase II work scope and recruitment of additional sponsors. 
Price supports and a loan guarantee were requested from the United States Synthetic Fuels Corporation under 
the third solicitation. However, the project did not pass the SFC's maturity evaluation. 

Project Cost:	 Not disclosed 

MEDIUM BTU GASIFICATION PROJECT - Houston Natural Gas Corporation, Texaco Inc. (C-coo) 
The feasibility of building a medium-BTU coal gasification plant using the Texaco coal gasification process to 
produce 260-BTU per SCF synthesis gas has been under study by Houston Natural Gas Corporation (HNG) and 
Texaco Inc. since late 1979. A preliminary engineering study was completed by Ebasco Services in January 
1980. Texaco and HNG received a DOE grant in August 1980, based on a $3.6 million request to study the 
feasibility of a 6,000 ton/day facility to be located adjacent to Texaco's oil refinery on the Mississippi River 
at Convent, LA. The facility would utilize synthesis gas to manufacture 26,000 barrels a thy of methanol. 
Status: The study was completed February 1982. The study results indicate the technologies chosen have 
been individually demonstrated on a commercial basis and operating results of the Texaco Gasification 
Process to date, and expected operation of commercial sized units under construction support the commercial 
technical viability. Environmentally, the results of monitoring, modeling, and assessment indicate that 
licensing is feasible through the me of conventional control equipment. Commercial evaluations resulted in a 
constructed project cost of approximately $1.1 billion (1981 dollars). The resulting methanol price indicates a 
modest return on investment for the project. The project is considered feasible, but market considerations of 
price and product utilization must be monitored closely before a decision to proceed can be reached. 

Project Cost: 	 $1.1 billion (1981) 

MEDIUM BTU SYNTHESIS GAS STUDY - Bechtel, Inc., Conoco, Inc., PPG Industries, AIRCO, Inc., and United 
Energy Resources, Inc. (C-cia) 

A feasibility study for a medium-BTU coal gasification plant to be located in Louisiana has been completed. 
Initial output of the plant was to be 125 billion BTU daily for a variety of purposes, such as expansion of 
operations, sales to other industrial customers, and feedstocks for products such as methanol. However, 
sponsors concluded that the project should be terminated, and the group has disbanded. This conclusion was 
reached because the economics of the project are marginal and natural gas is expected to be in ample supply 
for the rest of this decade. 

Estimated Cost: $1.5 million for the study. 

MEMPHIS INDUSTRIAL FUEL GAS DEMONSTRATION PLANT - DOE: Mid-South Synfuels, Inc. (Memphis Light, 
Gas and Water Division; Foster Wheeler Energy Corp.) (C-620) 

The Department of Energy awarded Memphis Light, Gas and Water (MLGW) a contract to design and 
construct a medium-BTU gasification plant converting 3,158 tons of coal into 175 MMSCFD of 300 BTU per 
SCF fuel gas. IGT's U_GasR Gasifier will be used to produce fuel gas for industrial customers in Shelby 
County, Tennessee. Foster Wheeler Energy Corporation was chosen to provide architect, engineering, and 
construction management for the project. Delta Refining Company will provide operation experience in the 
proposed plant. Kentucky No. 9 coal is the proposed feedstock. Phase I (Preliminary Engineering and Design) 
was submitted to DOE on December 1, 1979 for evaluation, and a contract to proceed into Phase II was signed 
in May 1980. 
During Phase II Memphis Light, Gas and Water continued as prime contractor. Foster Wheeler Energy 
Corporation provided the final design work. Technical support provided by IGT included pilot operations at 
its Chicago Energy Development Center where the U_GasR Gasifier was developed. 
The final Environmental Impact Statement was issued in May 1981. 
On September 25, 1981, the DOE published a record of decision concerning the MLGW plant, announcing plans 
to terminate future funding support of the project. DOE will continue to provide available prior year funds to 
the project, with the provision that these funds will be utilized only for the final design and associated 
technical support pilot plant tests, and necessary vendor engineering. No site work or construction work is 
included. The project applied to the SFC for loan guarantees and was selected to advance to Phase II 
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negotiations. The project was later moved to the SFC's second solicitation and then voluntarily moved to the 
third solicitation at the sponsors' request. On April 13, 1983 the project was advanced into Phase II 
negotiations with the SFC under the third solicitation. As was suggested by the SFC, the utility (MLGW) 
requested private company participation in the project to allow investors to take advantage of tax credits (a 
municipal utility cannot take advantage of such credits). MLGW and Foster Wheeler subsequently formed 
Mid-South Synfuels Inc. to oversee the project. DOE involvement in the project will be terminated when the 
SFC acts on the loan guarantee and price support request. Construction of the facility, located adjacent to 
the Mississippi River in Shelby County, Tennessee, could start in 1983 and will take four years to complete. 
Mechanical completion is scheduled for March 1987. 

Project Cost:	 Phase I - $11 million (DOE) 
Phase!! - $1.1 billion 

MINING AND INDUSTRIAL FUEL GAS GROUP (MIFGA) GASIFIER - U.S.B.M. - Twin Cities Metallurgical 
Research Center; DOE; American Natural Service Company; Amerigas; Bechtel Incorporated; Black, Sivalls, Bryson; 
Burlington Northern; Cleveland-Cliffs Iron Company; Davy McKee Corporation; Dravo Corporation; The Hanna 
Mining Company; Inter-City Gas Corporation; Mansfield Carbon Products; Minnesota Department of Natural 
Resources; Peoples Natural Gas Company; Pickands Mather & Co.; Reserve Mining Company; Riley Stoker 
Corporation; Stone and Webster U.S. Steel Corporation; Western Energy Company; Weyerhaeuser; Rocky Mountain 
Energy; and EPRI (C-630) 

The U.S. Bureau of Mines announced plans to install a 36 TPD Wellman-Galusha coal gasifier at the Twin 
Cities Metallurgical Research Laboratory (Minn.) in March 1977. The 6' 6" diameter gasifier, supplied by 
Hanna Mining Co., provides low-BTU fuel gas for a 12 TPD pilot grate-kiln taconite pellet induration furnace 
presently operating at the Center. The Bureau of Mines' goal is to determine whether iron ore pellet firing 
with raw, low-BTU coal gas is technically feasible and practical, while DOE is interested in gasifier 
operations and technology. 
First shake-down test of gasifier was undertaken on November 13, 1978. Four 120-hour tests were completed 
in November and December 1978 with Kentucky bituminous, Western sub-bituminous and North Dakota lignite 
coals. A 10-day test with a Montana sub-bituminous coal and North Dakota lignite was completed in 
September-October 1979. A test with "briquetted" sub-bituminous coal fines was started October 1979, but 
was aborted after 10 hours. 
Modifications to the gasifier facility were completed and testing began in October 1980. A 30 day continuous 
operation with North Dakota "Indian Head' lignite was completed in November 1980. The test used 
approximately 1000 tons of lignite, and included pellet testing. Ten day around-the-clock tests completed in 
mid-1981 included tests with North Dakota "Indian Head" lignite fines (3/4" x 1/4"), Texas lignite, and 
Colorado sub-bituminous coal. "Simplex" Briquettes testing was performed in October 1981. 
In May 1982, Black, Sivalls & Bryson, Incorporated (BS&B) was awarded the operational contract to plan, 
execute, and report gasification test performance data from this small industrial fixed-bed gasification test 
facility. BS&B has teamed with the Particle Technology Laboratory of the University of Minnesota who is 
primarily responsible for gas sampling including the data acquisition and analysis. BS&B is responsible for 
program administration, text planning, text execution, and all documentation of program activities and test 
reports. 
BS&B has initiated an effort to identify and contact every State Agency associated with the promotion of 
coal utilization within the continental United States. The objective is to solicit the widest variety of coals 
which are potential feedstock for industrial fixed-bed gasifiers applied within and beyond metallurgy 
processing throughout the United States. 
Testing of Western Kentucky bituminous (Jetson) coal began on August 19, 1982. Continuation of these tests 
began on October 24, 1982. Texas lignite gasification testingwill occur in October 1983. 
Major advancements have been made with the gas sampling and analysis system. Quality of the data derived 
from testing has significantly improved. 

Project Cost:	 $2.5 million 

MINNEGASCO PEAT GASIFICATION PROJECT - DOE, Gas Research Institute, Minnesota Gas Company, and 
Northern Natural Gas Company (Institute of Gas Technology, Subcontractor) (C-650) 

Mitmegasco began evaluation of peat gasification in conjunction with laboratory and PDU-scale gasification 
of peat. The work is being conducted at lOT for conversion of peat to SNG. Current work being conducted 
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on the program includes PDU work on wet carbonization, gasification of Florida peat and gasification tests on 
peat after dewatering by various methods. 
Peat gasification has advanced to pilot plhnt status at the modified HYGAS facility in Chicago. IGT is 
negotiating a take-over of the pilot plant from DOE when funding runs out in 1982. 

Project Cost:	 $1.2 million for 1976-1978 project 
Minnegasco awarded additions totaling $3.9 million, to the DOE contract to extend work 
until January 31, 1983. Final report due June 1983. 

MOLTEN SALT PROCESS DEVELOPMENT - DOE and Rockwell International (C-660) 
Rockwell has designed, built and operated a 1 TPH PDU to test a molten salt coal gasification process for 
low-Btu gas production. The gasifier is designed to operate at 1,800°F and 20 ATM. Reference feedstock is 
Illinois No. 6 coal. Sulfur and ash from coal are trapped by molten sodium carbonate. Melt is quenched and 
dissolved in water to allow ash removal by filtration. H 9s is stripped from the solution, and dry sodium 
carbonate is produced for recycle by precipitating and calining sodium bicarbonate crystals. The PDU is 
located at Rockwell International's field laboratory at Santa Susana, California. The Phase I program, 
covering the design, construction and initial operation of the PDU, was completed in June 1980. Four 
successful runs were made, varying in length from 112 to 385 hours. Gasifier pressures up to 10.5 ATM were 
tested. The process performed as predicted, producing clean, low-BTU gas from high-sulfur caking coal at 
feed rates up to 1500 lb/hr. A Phase II program was conducted aimed at completing the development of the 
low-BTU (airblown) Molten Salt Coal Gasification Process. All major operational objectives were met 
including gasification at the design feed rate (1 ton of coal per. hour), design pressure (20 ATM), and design 
concentration of ash in the melt (20%). The Phase H work has been completed and the Final Report accepted 
by DOE. The molten salt gasifier has been mothballed. 

Project Cost: $12.6 million (Phase I) 
$4.4 million (Phase II) 
$17.0 million (Total) 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Mountain Fuel Resources, Inc.; Ford, Bacon & Davis; 
Department of Energy (C-670) 

The sponsors are constructing a process development unit for research and development on components of a 
high temperature, oxygen blown, entrained now gasifier. The gasifier operates at slagging temperatures 
(about 2,8000F), and 300 psig. The heating value of the product gas is about 300 BTU per SCF. Both radiant 
and convective heat exchangers are used to recover heat from the process. Detailed engineering has been 
completed for the 30 TPD process development unit which will also be used to fire an existing brick kiln at 
Salt Lake City. 

A $6.0 million, 30-month contract has been awarded. DOE will fund 80% of the project costs. Mountain Fuel 
Resources, the primary contractor, and Ford, Bacon & Davis, the major subcontractor, will share the 
remaining 20% of the costs. Construction was completed in October.and start-up tests started in November 
1982. 

Project Cost: $6.0 million 

MURPHY HILL - (see North Alabama Coal Gasification) 

NASA LEWIS RESEARCH CENTER COAL-TO-GAS POLYGENERATION POWER PLANT - NASA Lewis Research 
Center (C-680) 

Lewis Research Center conducted a feasibility study to assess the technical, environmental, and economic 
factors for a gasification combined cycle cogeneration power plant concept to be sited at the Lewis Research 
Center in Cleveland, Ohio. A six month conceptual design completed by Davy McKee Corporation in July 
1980 verified technical and environmental benefits of the concept. The reference system selected for the 
conceptual design included two air-blown Westinghouse pressurized fluidized bed gasifiers using Eastern U.S. 
high sulfur coal, a Holmes-Stretford acid gas removal system, and a 20 MW combined cycle electric 
generation power plant utilizing an extraction steam turbine to provide up to 90,000 pounds per hour lb/hr of 
low pressure steam for heating. A capital cost of $58 million (1980 dollars) was estimated for the complete 
power plant which included site development, design services, construction management and contingencies 
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for this first-of-a-kind plant. A final report, NASA TM-81687, has been completed and an independent 
environmental assessment has been prepared. The NASA Lewis Research Center has, in addition, completed 
a technical and economic evaluation of a coal-to-gas Polygeneration power plant for the NASA Kennedy 
Space Center in August 1981. This plant, based on the cogeneration plant designed for Lewis, would generate 
14.5 MW electricity, 10 MW (thermal) for heating, and 10 'FF0 of liquid hydrogen for Space Shuttle 
operations. Economic assumption of 70/30 debt-equity ratio, 15% after tax return on investment, and 10 year 
accelerated cost recovery allows generation of electricity, steam and hydrogen at a cost 35% lower than 
estimated market prices in the first year of operation (1987). Cleveland Electric illuminating Company (CEI) 
has withdrawn from the project. This project is not being pursued further because funding for further 
considerations is not available. 

Project Cost:	 $58 million 

NATIONAL COAL BOARD LIQUID SOLVENT EXTRACTION PROJECT - National Coal Board, British Department 
of Energy (C-690) 

The British Department of Energy is co-sponsoring pilot plant evaluation of the Liquid Solvent Extraction 
Process developed in a small pilot plant capable of producing 0.2 TPD 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 300t as a precursor for transport fuels and chemical 
feedstocks. Economic studies, supported by Badger, Ltd. have confirmed that the process can produce 
maximum yields of gasoline and diesel very efficiently. Work on world-wide coals has shown that it will 
liquefy economically most coals and lignite and can handle high ash feed stocks. Following failure to get 
sufficient support to proceed with a 25 ton per day pilot plant, the National Coal Board has now agreed to a 
U.K. government proposal to build a 2.5 ton per day plant at the Point of Ayr site. 

Project Cost:	 15 million British pounds (1983 prices) construction cost plus 15 million British pounds (1983 
prices) operating costs 

NATIONAL COAL BOARD LOW BTU GASIFICATION PROJECT - National Coal Board, British Department of 
Energy (C-700) 

The National Coal Board is developing a fluidized bed gasifier combined with fluidized bed combustor to 
produce a low-BTU gas, primarily intended for firing a gas turbine for power generation, but also with 
applications in industry. Small pilot-plant studies leading to the design of a pilot/demonstration plant of a 
capacity of 5 ton per hour of coal are in hand. A joint study with the Central Electricity Generating Board 
led to recommendations to proceed but it is likely that work on this application will be limited to design 
studies over the next few years. Work is being concentrated by the NCB on developing the gasifier for the 
industrial market, where the system has been demonstrated at the 0.5 ton per hour scale. 

Project Cost:	 Feasibility study and associated experiments - 2 million British pounds 

NEW ENGLAND ENERGY PARK - EG&G, Brooklyn Union Gas Company, Eastern Gas and Fuel Associates, 
Westinghouse, and Bechtel Power Corporation (C-710) 

A feasibility study has been completed for a New England Energy Park. EG&G received a $4 million 
feasibility study loan from the DOE. A 4,500 acre site near Fall River, Massachusetts is under contract with 
approximately 1,900 acres allocated for the development of the park. Approximately 3 000 TPD of coal will 
be transported from the eastern Appalachian area of northern West Virginia and Pennsy vania and gasified to 
a medium BTU gas which will, in turn, fire a 170 MW combined cycle power plant and be used to produce 
1 200 TPD of methanol or 50 MM SCFD of methane. EG&G requested a loan guarantee of approximately $2 

and price supports from the SFC. Project sponsors reapplied for a loan guarantee under the SFC's 
second solicitation ending June 1, 1982. The project passed the SFC's project strength and maturity tests and 
was advanced into Phase II negotiations for financial assistance. The Westinghouse gasification process has 
been selected. Discussions with potential equity partners and product purchasers are continuing. Brooklyn 
Union Gas Company, Eastern Gas and Fuel Associates, Westinghouse Electric Corporation, and Bechtel Power 
Corporation have joined EG&G as participants in the project. An environmental program is nearly complete 
to ascertain siting feasibility and provide the environmental baseline data required to support permitting 
requirements. Potential coal suppliers have expressed willingness to supply the needed coal, and the coal 
transportation scheme has been developed. Bechtel is providing the technical support for the project and 
Lehman Brothers Kuhn Loeb, Inc., is providing investment banking services. Construction would begin in the 
fourth quarter of 1984 and production is estimated to start in the second quarter of 1989. 
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In view of the change from the Texaco to the Westinghouse gasification process, the project was moved from 
the SFC's second to third solicitation and subsequently was one of the first projects to pass the maturity test 
under that solicitation. However, the project did not pass the SFC's project strength evaluation. 

Plant Cost:	 $0.9 billion in 1983 dollars 

NEW MEXICO LURGI COAL-TO-GAS/METHANOL PLANT - Texas Eastern Corp. and Utah International, Inc. 
(C-720) 

In January 1980, Texas Eastern and Utah International announced a joint feasibility study toward the 
construction of a coal-based synthetic fuels plant in northwest New Mexico. The plant would utilize the 
Lurgi gasification process to produce a synthesis gas which would then be converted to liquids, such as 
methanol, using other commercially available processes. In July 1980, the project was selected by DOE for 
feasibility study funding under the synthetic fuels commercialization program. Negotiations with the DOE 
were concluded in July 1981 and $3.1 million was provided for a feasibility study to determine the project's 
technical, economic and environmental viability. The feasibility study was completed. The study included 
preliminary plant design, construction schedules, capital and operating cost estimates, evaluation of plant 
site alternatives, further studies on the characteristics of local coals, evaluation of product transportation 
alternatives and environmental and socioeconomic impact studies. The project is presently inactive. 

Project Cost:	 Not disclosed 

NICES PROJECT - Northwest Pipeline Corporation (C-730) 

Northwest requested loan guarantees from the SFC for a coal gasification project located near Boardman, 
Oregon. However, the project was not selected by the SFC for further consideration. The plant would 
produce the equivalent of 250 million cubic feet per day of high BTU gas in the form of high BTU pipeline 
quality gas, medium BTU gas, and methanol. The medium BTU gas would be consumed in nearby combined 
cycle electrical power generating plants. 

Coal for the gasification plant would be transported from the Powder River Basin in northeastern Wyoming by 
a coal slurry pipeline designed to move from 25 to 35 million tons of coal annually. The slurry pipeline would 
also supply coal to the electric utility industry, industrial customers, and to overseas markets. 

The project has been deferred by the project sponsors until the 1990s. 

Project Cost:	 Undetermined 

NORTH ALABAMA COAL GASIFICATION CONSORTIUM PROJECT - North Alabama Coal Gasification Consor-
tium (C. F. Braun; Air Products and Chemicals Co.; Kidder, Peabody & Co.; Raymond International Inc., Peabody 
Coal Company, and Houston Natural Gas); in conjunction with the Tennessee Valley Authority (C-740) 

In October 1979, the Tennessee Valley Authority (TVA) requested proposals for Phase I, the conceptual design 
of a coal gasification plant capable of processing up to 20,000 tons of coal feedstock per day. Initially, the 
project intended to serve existing north Alabama industries with medium-BTU gas via pipeline, but now the 
consortium plans to produce methanol for use in the motor fuel and chemical markets. Initially the methanol 
will be blended with gasoline to improve its octane and extend its use. Eventually, neat (pure) methanol will 
be substituted for gasoline in vehicles designed to use it. On February 28, 1983, TVA signed a cooperative 
agreement with ARCO for a fleet test using advanced methanol fuel blends in selected TVA vehicles. 

The Project will use the Koppers-Totzek (K-T) technology licensed by GET Gesellschaft fur Kohle-
Technologie (GKT) together with required gas cleanup, shift, compression, and methanol synthesis equipment 
to process approximately 5,000 tons per day of Eastern bituminous coal into about one million gallons of 
methanol per thy. When justified by market conditions, the facility could be expanded by installing additional 
capacity. 

Site preparation began in the fall of 1981 and was completed in late 1982. The plant is scheduled to be 
completed in late 1987. Bechtel National, Inc., C.F. Braun Co., and Poster Wheeler Energy Corporation were 
awarded a total of $2.7 million for conceptual design studies incorporating five different coal gasification 
processes for obtaining the medium BTU-gas. The five processes were: Texaco, Koppers-Totzek, Lurgi, the 
British Gas Corporation's Slagging Lurgi, and Babcock and Wilcox. Each contractor evaluated at least three 
of the five processes for a total of eleven conceptual designs. 
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Ultimately C. F. Braun was chosen to do the detailed engineering. On June 22, 1982, Kaiser Engineering was 
chosen as construction manager. TVA has completed the site preparation work at the Murphy Hill site in 
northern Alabama. The Draft Environmental Impact Statement (EIS) for the project was released on August 
1, 1980. It was prepared in parallel with the conceptual design effort. A supplement to the draft was Sued 
on June 1, 1981, primarily to provide information concerning proposed methods of financing the projects. The 
final EIS was issued in July 1981. 
A portion of the Congressional appropriations for the project was rescinded in March 1981 to the current 
level of $125 million and the project was restructured. The North Alabama Coal Gasification Consortium is 
being formed to continue the project under private financing arrangements. 
The consortium will consist of several private firms, which will own and operate the plant on a commercial 
basis. To date C. F. Braun; Air Products and Chemicals, Inc.; Kidder, Peabody, & Co.; Raymond 
International; Peabody Coal Company; and Houston Natural Gas have agreed to join the consortium. 
TVA, under contractual arrangements with the consortium, will sell the Government's interest in the project 
to the consortium. The consortium will assume legal ownership of the plant, all obligations for completing 
and operating the facility, and the project. TVA will make available to the consortium the project site and 
TVA's project management, engineering design, construction, coal procurement, purchasing, and environmen-
tal analyses capability. TVA could also assume the role of program manager during the design, permitting, 
and construction of the plant at the request of the private consortium. TVA will spend $125 million in 
appropriated money to get the project started and then transfer the project to the consortium with full 
payment for work and the site. 
Kidder, Peabody, & Co., Incorporated as financial agent submitted an application for financial assistance 
from the United States Synthetic Fuels Corporation for the Consortium on March 31, 1981. On January 4, 
1982, the consortium submitted a supplemental application based on project maturity. The SFC chose the 
project for Phase I consideration for financial assistance on January 18, 1982. However, the project did not 
pass into the SFC's Phase II, which required that the project pass the SFC's strength criteria. The project 
sponsors reapplied to the SFC for loan and price guarantees under the second solicitation ending June 1, 1982. 
The project then passed the strength tests and was advanced into Phase II negotiations for financial 
assistance. On A pril 13. 1983 the SFC moved the project to the third solicitation, and on Ma y 26. 1983 

Project Cost:	 Approximately $1 billion 

NORTH DAKOTA SYNTHETIC FUELS PROJECT - Northern Natural Resources Company (C-mo) 
Northern Natural Resources Company, division of InterNorth, Inc., and a group of eight utility compan-
ies—known as the North Dakota Synthetic Fuels Group—is funding a study of the feasibility of constructing a 
combination synthetic natural gas, methanol, and electric power plant in Oliver County, North Dakota. The 
proposed plant would produce 65 million cubic feet per day of high BTU synthetic natural gas, 21,000 barrels 
per day of fuel grade methanol, or methanol and power. The plant would use local lignite deposits. Besides 
Northern Natural Resources as the lead partner in the enterprise, the group comprises Minnesota Power and 
Light Company; Minnegasco, Inc.; Minnkota Power Cooperative; Montana-Dakota Utilities Company; North-
ern States Power Company; Northwestern Public Service Company; Otter Tail Power Company; and Wisconsin 
Power and Light. 

Project Cost:	 Unavailable 

NORTHERN PEAT ENERGY PROJECT - Wheelabrator-Frye, Inc. (C-753) 
Wheelabrator-Frye, Inc., which recently merged with The Signal Companies, Inc., is proposing a project 
utilizing wet carbonization of peat to produce a "peat-derived fuel" which is a low-sulfur, low-ash solid fuel 
substitutable for oil in existing and new utility, industrial, and residential burning facilities. The project will 
produce 960,000 barrels oil equivalent per year of fuel. Construction will start in early 1984, and production 
would begin in early 1986. Price and loan guarantees are requested from United States Synthetic Fuels 
Corporation under the third solicitation. The project passed the SFC's project maturity and strength 
evaluations and advanced into Phase II negotiations on May 26. 1983. Engineering will be done by Kellogg- 

Project Cost:	 $90 million in late 1982
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OHIO I COAL CONVERSION - North American Coal Corporation, Alberta Gas Chemicals, Inc., and Wentworth 
Brothers (C-756) 

North American Coal Corporation, Alberta Gas Chemicals Incorporated, and Wentworth Brothers are 
proposing a project to convert coal to methyl fuel. Methyl fuel is a blend of methanol, higher alcohols, and a 
small quantity of water. Plant operation is scheduled to begin in mid-1987. One module with a production 
capacity of approximately 35,700 barrels per day is planned. Both price and loan guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. However, the project did not 
pass the SFC's project maturity evaluation. 

Project Cost:	 Not disclosed 

OTT HYDROGENERATION PROCESS PROJECT - Carl A. Ott Engineering Company (C-760) 
Sponsors submitted an application to the Synthetic Fuels Corporation (SFC) under the first solicitation for a 
purchase agreement for a 1,000 BPD facility using the Ott Hydrogeneration coal liquefaction process (closed 
system). However, the project was not selected by the SFC to proceed to Phase II negotiations. The facility 
would be located at the mine mouth at Choose Canyon Ranch in Las Animas Count y, Colorado. Further 

Project Cost: 	 Undetermined 

PEAT METHANOL ASSOCIATES PROJECT - Peat Methanol Associates, (C-770) 
PMA is a joint venture DartnershiD of North Carolina Svnfuels CorDoration (a wholl y owned 

First Colony Project, to the SFC for loan and price guarantees. The plant is a single module }CBW 
gasification train with IC! methanol synthesis which will produce 678 TPD of fuel grade methanol from peat. 
The plant, to be located near Creswell, North Carolina, can be expanded to 5,000 TPD. Estimated completion 
date for the project is December 31, 1985. Commercial production is expected by the first quarter of 1986. 
On March 26, 1982, the United States Synthetic Fuels Corporation announced that this project met the 
Corporation's project strength criteria and was advanced to Phase 11 evaluation in the initial solicitation for 
synthetic fuels projects. Subsequently, the project was moved to Phase II of the SFC's second solicitation on 
June 18, 1982. In Phase U, projects were subjected to independent verification of the data submitted and 
discussions will be held with project sponsors over the amount and kinds of financial assistance. 
The methanol will be sold as an octane enhancer for gasoline in automotive markets along the East Coast. 
Planned production will be 60 million gallons of methanol per year from 500,000 dry tons of peat. At this 
rate, the 15,000 acre site of recoverable peat reserves on which the plant will be located can supply peat for 
30 years. The methanol production facility and peat harvesting operation are expected to cost about $540 
million. December 13, 1982 the SFC signed a letter of intent to supply PMA with loan and price guarantees. 
On December 28, 1982 local and county officials gathered in Creswell, North Carolina for groundbreaking at 
the plant site. 

Project Cost: 	 $540 million (methanol production facility and peat harvesting operation) 

PHILADELPHIA GAS WORKS SYNTHESIS GAS PLANT - DOE, Philadelphia Gas Works (C-780) 
Philadelphia Gas Works (PGW) was selected for a DOE award for a feasibility study for a $200 million medium 
BTU coal gasification plant. The study, conducted by Gilbert Associates, Inc., indicated that long-term 
purchase agreements and SFC incentives are necessary for the project to be economically viable. 
Philadelphia Gas Works applied to the Synthetic Fuels Corporation (SFC) for a loan guarantee and a price 
guarantee under the SFC's second solicitation ending June 1, 1982. However, the project did not pass the 
SFC's project strength test. United Engineers & Constructors, Inc. withdrew as an ejuity sponsor. The first 
facility of a potential series of modular plants would be built in northeast Philadelphia on a 32-acre site and 
would start operation in 1986. The plant would use Kopper-Totzek gasifiers to produce 20 billion BTU per day 
of medium BTU gas (300 BTU per SCF) from 1100 tons per day of Eastern bituminous coal. This gas would 
then be distributed to Philadelphia industries. Project has been postponed indefinitely. 

Project Cost:	 $250 million
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Study: $1.2 million 

PHILLIPS COAL GASIFICATION PROJECT - Phillips Coal Co. (C-790) 

Total Cost: $4 billion 

PURGED CARBONS PROJECT —Integrated Carbons Corporation (C-BOO) 
Integrated Carbons Corporation requested a loan guarantee from the U.S. Synthetic Fuels Corporation (SFC) 
under the SEC's second solicitation. However, on June 18, 1982, the SEC announced that the project had been 
dropped from further consideration on the grounds that it was clearly not mature. 
Under the third solicitation integrated Carbons Corporation proposed a project to be located at an 
unspecified site in Pennsylvania using West Virginia coal to produce the equivalent of 57,300 barrels per day 
of de-ashed solids to be used for several types of alternative fuels. Production would commence five years 
after approval of assistance. Loan and price guarantees and a cost-sharing agreement were requested from 
the SEC. However, the project did not pass the SEC's project maturity evaluation. 

Project Cost: Undetermined 

SAN ARDO COGENERATION PROJECT - Pacific Gas & Electric Co., Texaco Inc. (C-810) 
PG&E and Texaco have been investigating the possibility of using fuels other than heavy oils to generate 
steam for heavy oil recovery at the San Ardo, California heavy oil field. The present thinking is that a 
cogeneration project fueled by natural gas is a more suitable approach than coal gasification for this field. A 
natural gas cogeneration project appears to be more economic because the gas is available and the project 
could be brought into use more quickly than a coal gasification plant. Thus, the sponsors are evaluating this 
approach and are proceeding with making the necessary applications to appropriate authorities to avoid 
possible delays in start-up. The coal gasification related effort has been concluded. 

Project Cost:	 $585 million (1980$) approximate 

SASOL TWO AND SASOL THREE - Sasol Limited (C-820) 

Sasol Two and Three are commercial projects, based on the success of Sasol One, for the manufacture of 
mainly liquid fuels, tar products, ammonia, and sulfur. The plants are situated on the eastern high veld of 
Transvaal. Estimated coal (low grade) consumption at full production will be 30 million tons per year from 
the Secunda Collieries. The facilities include boiler house, Lurgi gasifiers, oxygen plant, Rectisol gas 
purification, synthol reactors, gas reformers, and refineries. The hydrocarbon synthesis uses Sasol's Synthol 
process. Managing contractor was Fluor Engineers. Construction of Sasol Two have been completed and all 
units were commissioned by the end of 1980. Production of first "crude" oil at Sasol Two started on March 
18, 1980. Sasol Three is completed and began producing synthetic oil on May 10, 1982. Refined products 
from this plant have been marketed since the beginning of August 1982. 

Project Cost:	 SASOL Two	 $3.0 Billion 
SASOL Three	 $3.8 Billion 

SESCO PROJECT - Solid Energy Systems Corporation (C-830) 

SESCO has proposed a project to the U.S. Synthetic Fuels Corporation (SFC) under the first, second, and third 
solicitations. However, the project was dropped from further consideration on the grounds that it was not 
mature. The project would produce calcium carbide from coal and limestone. This calcium carbide would 
then be subsequently converted to acetylene. The proposed facility would produce 220,000 tons of calcium 
carbide per year. 

Project Cost:	 Not disclosed
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SHELL COAL GASIFICATION PROCESS - Shell Oil Co. (C-840) 

Shell is developing a pressurized entrained bed, coal gasification process. A 6 tons per day pilot plant has 
been in operation at Shell's Amsterdam laboratory since December 1976. A number of different coals and 
petroleum cokes have been successfully gasified at 300-600 PSI. This pilot plant has now operated for over 
9,000 hours. 

A 150 TPD prototype plant has been constructed at the German Shell Hamburg/Harburg refinery. Since the 
start-up in November 1978, some 5,500 of operation have been logged. The longest run so far lasted for 
over 1,000 hours. The carbon conversion was over 99 percent and a synthesis gas was produced containing, 
before treating, less than 1.5 percent vol. CO2 and 0.1 percent vol. CH4. 

Project Cost:	 Not Disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C-.850) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 
at Westfield, Scotland. (This gasifier has a throughput of 350 TPD.) 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 proportion of fine coal in the teed to the top of the gasifier has been 
demonstrated as well as the injection of further quantities of fine coal through the tuyeres into the base of 
the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. The coal is 
gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. 
Gasification is substantially complete with a high thermal efficiency. A long term proving run on the gasifier 
has been carried out successfully. 

BCG is constructing an 8 foot nominal diameter gasifier which will gasify 600-800 TPD to make SNG. 

SCG is prepared to grant licenses for plants utilizing Slagging Gasifiers of sizes up to 8 feet diameter and 
will provide full commercial guarantees. 

Project Cost:	 Not available 

SOLVENT REFINED COAL DEMONSTRATION PLANT (SRC-1) - DOE, International Coal Refining Company (Air 
Products and Chemicals Inc./Wheelabrator-Frye Inc., partnership), and Commonwealth of Kentucky (C-aGO) 

An SRC pilot plant was operated on the site of Southern Company's E.C. Gaston Steam Plant new Wilsonville, 
Alabama. It was designed, built, and is operated by Catalytic, Inc. under funding 

ence 
of the Electric Power 

Research Institute and DOE. The process dissolves coal under pressure in the pres of hydrogen. The 
products are clean solid and liquid fuels with heating values of approximately 16,000 BTU per pound (150,000 

W
BTU/allon) and gasoline naphtha. The sulfur content is reduced to a maximum of 0.8 percent. Plant 

is 6 tons per thy of coal. Data from the Wilsonville, and Ft. Lewis, Washington, SRC plants have 
been correlated, and eleven coals tested. 

The conceptual design of a 6000 TPD SRC-I demonstration plant was completed July 31, 1979 and submitted 
to DOE. To carry out the project, Air Products and Wheelabrator-Frye established the International Coal 
Refining Company (ICRC). Under terms of a cost sharing agreement, ICRC will invest $90 million in the 
project, the Commonweath of Kentucky will invest $30 million and the Department of Energy will fund the 
balance. A site for the demonstration plant at Newman, Kentucky is under option. Products include clean 
solids and liquids. SRC fuel in the 850°F and lighter fractions will be used to displace No. 6 fuel oil. SRC 
liquids include heavy oil (650'450°F fraction oils), a 400°-600 0P middle distillate that can replace No. 2 fuel 
oil, and naphtha (C5-400°F fraction oils) for reformer feed for high-octane, unleaded gasoline blendstoek or 
BTX chemicals. The Final Environmental Impact Statement was released in July 1981. 

The project baseline was transmitted to Congress in May 1982. The revised cost estimate specified in the 
report indicates project costs to be $2.9 billion (escalated for inflation). Although previous cost estimates 
were approximately $2.0 billion, the project revenues are expected to exceed expenditures by $200 million in 
the first 2 1/2 years of operation. Plant startup is contingent upon future government funding since the DOE 

Commonwealth Electric, Alcoa, Owens-limos, and Florida Power and Light have agreed to purchase 
fuels for testing in boilers and process units originally designed for oil based use. 

Estimated Project Cost:	 $2.9 billion (Demonstration Plant Only) 
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TENNECO SNG FROM COAL - Tenneco, Inc. (C-870) 

Tenneco, through subsidiary companies Intake Water Co. and Tenneco Coal Co., is acquiring and developing 
resources necessary as feedstocks for a coal gasification plant on the state-line near Wibaux, Montana, and 
Beach, North Dakota. Intake holdc water rights to 80,650 AFY from the Yellowstone River with plans for a 
diversion works, aqueduct and off-stream storage system to serve Dawson and Wibaux Counties, Montana, and 
Golden Valley County, North Dakota. Environmental baseline data gathering studies have been underway in 
connection with this project since 1974. Intake conducted geotechnical investigations at three potential 
damsites for the off-stream storage reservoir and is preparing an Environmental Impact Statement for one of 
these sites. Tenneco is conducting an ambient air quality and weather monitoring program in the state-line 
area. The data is to be used in computer modeling studies addressing potential impacts on regional EPA Class 
I areas. Tenneco Coal Gasification Co., a subsidiary of Tenneco, Inc., filed its first annual Long-Range Plan 
under the Montana Major Facility Siting Act in April 1980 for a 280 million standard cubic feet per day coal 
gasification plant to produce pipeline quality gas using Lurgi coal gasification technology. The schedule calls 
for first gas production by 1991. On March 31, 1981 the Company submitted an application for a loan 
guarantee for the project to the United States Synthetic Fuels Corporation. However, the company has not 
yet responded to the more recent solicitations by the SFC. 

Tenneco filed its fourth annual Long-Range Plan in April 1983. A decision whether to proceed with the 
project will be made based in part on the successful operation of the Great Plains Gasification Project in 
which Tenneco is a 30% participant. 

The exact site of the facility is dependent on the outcome of litigation over water supply. intake owns 
sufficient water rights from the Yellowstone River, but movement to the Wibaux site constitutes an 
interbasin transfer of water which is forbidden by Article X of the Yellowstone River Compact. (Project also 
known as Beach-Wibaux project) 

Project Coat:	 $2.8 billion in 1982 dollars. 

TENNESSEE SYNFUELS ASSOCIATES MOBIL-M PLANT - Koppers Co., Inc. (C-880) 

The DOE selected the Tennessee Synfuels Associates project under the interim program established by the 
Energy Security Act for loan guarantees negotiations for a $700 million plant to produce gasoline from coal. 
Ultimately, DOE dropped the project from consideration under the Defense Production Act. The project 
sponsors (then Cities Service and Koppers) applied to the SFC for loan and price guarantees. However, Cities 
Service withdrew from the project in February 1982. On March 26, 1982, the SFC announced that the project 
had not been selected to advance to Phase II negotiations. Koppers reapplied for loan and price guarantees 
under the SFC's second solicitation ending June 1, 1982. However, the sponsors requested to have the project 
voluntarily moved to the SFC's third solicitation. In a letter dated March 4, 1983, the sponsors requested that 
the project be withdrawn from further consideration. 

TSA plans to construct the facility in five modules, each capable of producing approximately 10,000 barrels 
per day of liquid products. The plant would use KBW gasification, M W. Kellogg methanol synthesis, and the 
Mobil-M process to convert 10 million tons per year of coal to gasoline. 
DOE is preparing an EIS to assess the transfer of a 1500-acre tract from the DOE Oak Ridge Reservation to 
the city of Oak Ridge, Tennessee. The city intends to resell the property to TSA to use as the site of the 
project. Additional equity sponsors are being sought. 

Project Cost:	 $1.2 billion 

TEXACO COAL GASIFICATION PROCESS DEVELOPMENT - Texaco Inc. (C-890) 

The Texaco Coal Gasification Process has been operating for several years at Texaco's Montebello Research 
Laboratory in California. The facility has two pilot gasifiers each capable of processing 15-20 TPD of coal. 
The process has been used on a wide variety of coals and, since the 1973 Arab oil embargo, the development 
of the Texaco Coal Gasification process has been greatly accelerated. Operation at pressures ranging from 
300 to 1200 psi have been tested. These pilot units, along with the associated coal grinding and slurry 
preparation equipment, provide design information for a number of commercial projects that are underway. 

A 165 tons coal per day demonstration plant has been in operation since early 1978 in Oberhausen-Holten, 
West Germany. The plant which is jointly funded by Texaco Inc., Ruhrchemie AG, Ruhrkohle AG and the 
Government of the Federal Republic of Germany, has been run on typical coals from the Ruhr region of 
Germany. The product gas is used as a feedstock to a variety of chemical synthesis processes. Several test 
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runs lasting up to 30 days have successfully demonstrated continuous operation of the process. Operation at 
pressures between 300 to 600 psi has been completed. The system is complete with a waste heat boiler 
consisting of a radiant and a convection section. A process optimization program is presently underway. The 
program includes evaluation of alternate equipment components, of alternate heat recovery concepts, and 
gasifying of a wider range of coals. The total program is planned to provide information for the design, with 
ever increasing confidence, of large scale coal gasification plants using the Texaco process. 

The Texaco Coal Gasification Process has also been licensed for use in a plant of a confidential U.S. chemical 
company process to gasify coal to produce fuel gas for electric power generation. In addition, over one-half 
of the coal gasification proposals submitted to the U.S. Synthetic Fuels Corporation on March 31, 1981, 
specified use of the Texaco Coal Gasification Process in production of medium BTU gas, methanol, gasoline, 
hydrogen, and electric power. Other projects that propose using the Texaco Coal Gasification Process are 
described separately under the following headings: Cool Water Coal Gasification Project, Medium BTU 
Gasification Project, Central Maine Power Company's Sears Island Project, TVA Ammonia From Coal 
Project, Chemicals From Coal Project, Grace Coal-to-Methanol-to-Gasoline Plant, Lake DeSmet SNG From 
Coal Project. 

Project Cost:	 West German Demonstration Plant Program: $50 million 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corp. (C-900) 

TOSCO has under development an atmospheric, low-temperature (800-970°F) coal pyrolysis system, named 
the TOSCOAL Process, at their 25 TPD pilot plant facilities, located near Golden, Colorado The TOSCOAL 
Process is an adaptation of the TOSCO IL oil shale retorting process to coal carbonization. The process 
products are dry char, intermediate-to high-ETU gas, and oil. Coals tested in the pilot plant to date are 
Wyodak sub-bituminous, Illinois No. 6 bituminous, and Utah bituminous coal. Pilot plant runs on Western 
bituminous coals were made durin g August-September 1982. Marketin g and coal screenin g activities are 

Project Cost:	 Undetermined 

TRANSCO COAL GAS PLANT - Transco Energy Company, DOE (C-910) 

Transco submitted an application to the SFC for a medium BTU gasification project. However, the project 
did not pass the SFC's project maturity test. Located new Franklin, Robertson County, Texas, the project 
would convert 16,500 TPD of lignite to medium-BTU gas using Lurgi high pressure gasification process and 
transport the gas via a dedicated pipeline to Houston Lighting & Power Company's (HL&P) P.R. Robinson 
Plant in Galveston County, Texas. The DOE-eofunded feasibility study has been completed. The study 
concludes that the plant's process, ancillary, and other components are all commercially proven systems. 
Additionally, the study concludes, "To bring this project to fruition Transco would have to arrive at a pricing 
mechanism with long-term benefits to the customer, a satisfactory rate of return to the equity owners by 
finding a method of raising the debt capital on a project secured basis, and demonstrating with reasonable 
certainty that the economic projections can be achieved or improved." 

Project Cost:	 $1.5 billion 

TRI-STATE PROJECT - Texas Eastern Corporation and Texas Gas Transmission Corporation, Kentucky Department 
of Energy (C-920) 

In July 1980, the project was selected by the DOE for Cooperative Agreement funding under the synthetic 
fuels commercialization program. Under the Agreement signed in February 1981, DOE was to provide a total 
of $22.4 million of an estimated $40.9 million, with the remainder financed by Tri-State. The Kentucky 
Department of Energy was to also provide assistance for the project. 

The agreement authorized commencement of a project work program which included site-specific environ-
mental, health, safety and socio-economic impact studies; capital and operating cost estimates; developing a 
financing plan; engineering studies to determine optimum plant size, a complete process design, and product 
slate; and negotiation of contracts for coal, and other resource requirements and for product sales. Separate 
from the DOE program, 22,000 tons of Peabody Coal's Camp No. 1 coal, Kentucky No. 9 seam, was tested at 
a SASOL plant in South Africa in August, September and November 1981. The test was paid for by the KDOE 
separate from the United States DOE Cooperative Agreement. Construction was to begin in 1984, providing 
jobs for up to 7,500 workers as well as contract work for local shops and businesses. About 1,200 employees 
would be required to operate the plant.
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The project originally proposed a L.urgi gasification/Fischer-Tropsch liquefaction process in a 28,000 ton per 
day coal conversion plant. A wide product slate including gasoline, SNG, diesel fuel, sulfur and some 
chemicals was planned. 
In January 1982 the partnership proposed to the DOE changes in its cooperative agreement work program to 
incorporate design modification and a revised schedule for the project. The changes would include a product 
slate that would combine Lurgi gasification with methanol-to-gasoline conversion and also produce some LP 
gas and small quantities of chemicals. Under the revised plan the plant would be substantially smaller with 
the exact capacity to be determined. Tri-State decided in April 1982 to postpone project activities and to 
terminate their cooperative agreement with United States DOE. The project is presently inactive. 

Projected Cost: not determined, but approximately $3.5 billion 

TRW COAL GASIFICATION PROCESS - TRW, Inc. (C-930) 
TRW is developing a slagging, entrained bed gasification process which is based upon proprietary slagging 
gasification and heat exchanger concepts. The gasifier technology is derived, in part, from advanced 
developments in TRW rocket engine and MUD programs. A 6 atmosphere pressure, 2-ton per hour version of 
this gasifer has been constructed and was tested in 1982 with very encouraging results. Nevertheless, cost 
and market considerations have led to a decision to deactivate this project for the present. 

Project Cost:	 Undetermined 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 
The TVA Is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located 
at Muscle Shoals, Alabama. A Texaco Partial Oxidation Process coal gasifier is being retrofitted to an 
existing 225 TPD ammonia plant. Plant construction was completed in mid-1980. A three-year period of 
demonstration is planned. Capital costs will total $46 million. Brown and Root of Houston held the $25.6 
million contract for the construction of the eight ton per hour coal gasifier. The air separation plant was 
built by Air Products and Chemicals, Inc. at a cost of $5 million. The remainder of the work was done by 
TVA. The coal gasifier will 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 is Illinois No. 6 seam coal. 
The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology 
conference in October 1980. However, actual production of feed gas for ammonia manufacturer was not 
accomplished because of mechanical problems.

continued intermittently through November 1982 and 

Theplant is now being modified to bring it to contract specifications. Subject to availability of funds, plans 
are to restart the plant later this year and operate as part of the test and demonstration program. 

Project Cost:	 $60 million total 

TWO-STAGE ENTRAINED GASIFICATION SYSTEM - DOE, Electric Power Research Institute, and Combustion 
Engineering, Inc. (C-950) 

C-E's gasification process is a two-stage, atmospheric pressure, air-blown, entrained-bed system designed to 
produce a low-BTU gas from coal in an environmentally acceptable manner. 
A 5 tons per hour Process Development Unit (PDU) was in operation at C-E's Power Systems facility in 
Windsor, Connecticut. The two-stage gasifier consistsra "combustor" section in which coal and char are 
burned under slagging conditions, and a "reductor", where the balance of the coal is reacted. A product gas 
with aheating value of 80-100 BTU per SCF is produced. The combustor operates at 3,000°F and the reductor 
outlet temperature is 1,800°F.
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Combustion Engineering was awarded a separate contract for the preliminary design of a demonstration 
plant. This effort studied retrofit of Gulf States Utilities Nelson No. 3 150 MW gas-fired unit located at 

West Lake, Louisiana and has shown that the boiler could achieve full load by integrating the low BTU gas and 
steam into the boiler cycle. 
Process Development Unit - Present Status 

Combustion Engineering's PDU logged over 5000 hours of operation utilizing coal of which approximately 
3750 hours were in the gasmaking mode. During this period of operation, approximately 2.7 billion cubic feet 
of low-BTU gas was produced, a continuous run of two weeks was achieved, and the gasification process was 
verified to the Department of Energy's satisfaction. Total hours of operation approaches 10,000 hours 
representing 40% of the maximum available hours. 

Partial funding for the project has been furnished by DOE; C-E has also contributed financial support. The 
present Administration's policy concerning DOE's function precludes any further support from them and the 
PDU has been deactivated. At present, alternate plans for the P00 are being evaluated while other 
gasification activities are proceeding. 

Demonstration Unit - Present Status 

In September 1980, DOE awarded a contract to C-E for the first phase of a three-phase, six-year project of a 
commercial size demonstration unit incorporating the C-E gasification process. The overall project would, 
upon completion, include the design, construction and operation of a 150 MW gasifier retrofitted to an 
existing natural gas fired boiler at Gulf States Utilities' Nelson Station. The first phase includes the 
preliminary design and cost estimates. 

was reached with DOE to reduce the scooe of work in the initial ohase. This 

Project Cost:	 Not available 

TWO-STAGE LIQUEFACTION - (See Integrated Two-Stage Liquefaction) 

UNION CARBIDE COAL CONVERSION PROJECT - DOE, Union Carbide/Linde Division (C-960) 

In the first round of PL 96-126 solicitations, DOE awarded Union Carbide approximately $4 million for a 
feasibility study for the production of low/medium ETU gas. Each module of the plant which would be 
located in the Houston area would be for 125 billion BTU per day of gas. The feasibility study is completed 
and a draft report has been submitted to the Department of Energy. 

Project Cost:	 $3,945,676 (study) 

WESTINGHOUSE ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION —DOE/GRI, 
Westinghouse Electric Corporation (C-980) 

Since 1975, Westinghouse has operated a coal gasification pilot plant at Waltz Mill, Pennsylvania. The pilot 
plant utilizes a single stage fluidized bed gasifier with dry ash agglomeration and fines recycle. The gasifier 
has operated at temperatures of 1,550°F to 1,990F and pressures between 130 psig and 230 psig. Tests have 
been performed with air feed to the gasifier to produce low-BTU gas and oxygen feed to produce medium-
BTU gas. Pilot plant coal capacity varies from 15 TPD with air feed, up to 35 TPD with oxygen feed. A wide 
range of coals have been successfully processed, from Texas lignite and Wyoming Sub-C sub-bituminous to 
highly caking Pittsburgh seam coal. The pilot plant has recently been integrated with Waltz Mill Test and 
Development Center, to provide the capability for combustion testing using coal gas as fuel. In addition, 
tests are currently planned for evaluation of particulate removal and heat recovery systems. A commercial 
size, 3 meter diameter cold flow fluidized bed scaleup facility has been constructed and began operation in 
1981. The purpose of these facilities is to develop a sufficient data base to minimize the technical risks to 
acceptable levels associated with scaling up to demonstration and commercial size gasification plants. 
Several demonstration and commercial projects are currently in the feasibility study or design stages for 
application of the Westinghouse coal gasification system to various industrial and utility applications, 
including industrial fuel gas, combined cycle power generation and methanol production. These include: the 
Keystone project, Gulf States Utilities project, Fiat/Ansaldo project and the New England Energy Park 
project. Westinghouse has completed an agreement with Sasol to demonstrate the Westinghouse gasification 
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process at the Secunda complex. A 12 to 15 foot diameter gasifier, 80 to 100 feet high is planned with 
construction to be completed in 1985. 

Project Cost:	 $50 million 

WHITETHORNE COAL GASIFICATION PROJECT - United Coal Company and Virginia Fuel Conversion Authority 
(C-990)

A consortium of companies originally composed of Hercules, Inc., Norfolk and Western Railway Company, and 
the United Coal Company submitted an application for loan and price guarantee to the SFC for a coal-to-
methanol-to-gasoline project. Hercules and Norfolk and Western Railway Company subsequently withdrew 
from the project. Located near Longshop and McCoy in Virginia, the project will use the Texaco coal 
gasification process to gasify 10,000 TPD of coal. Lurgi Methanol synthesis and the Mobil-M conversion 
would be used. United Coal is also evaluating other process options including selling the methanol as a 
chemical feedstock or using the methanol to slurry coal for pipeline transportation. The project is scheduled 
to start operation in mid-1988 producing 23,000 BPD of gasoline. United Coal is negotiating with several 
companies to become partners in the project. (Project also known as Virginia Coal Conversion project). 

Project Cost:	 $1.5 billion 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION - World Energy, Inc., Extractive Fuels, Inc. (C-laiD) 

On August 31, 1981, Extractive Fuels executed a 50-50 joint venture agreement with World Energy, Inc. of 
Laramie, Wyoming. Extractive Fuels agreed to put approximately 26,000 acres of its coal property located in 
the Southern Powder River basin into the joint venture and World Energy, Inc. has committed the use of their 
licenses and patents, and technical application ability in the in situ coal gasification technology for the 
express purpose of developing and building the first commercial in situ gasification synfuels plant. The 
companies have further agreed to share the organizational cost on an equal basis. 
World Energy applied to the SFC for loan guarantees and price supports for an underground gasification 
project. According to the original SFC application, the Fischer-Tropsch synthesis would be used for the 
production of refinable liquids. However, they did not meet the SFC deadline for additional information. The 
project sponsors reapplied for a loan guarantee under the SFC's second solicitation ending June 1, 1982. The 
revised project proposed to utilize UCG technology to produce 14 billion BTU of SNG and 436 barrels of light 
oils per thy. The project did not pass the SFC's project maturity test. 

Project Cost:	 $50 million 

UNDERGROUND COAL GASIFICATION - Mitchell Energy, Republic of Texas Coal Company, DOE (C-1020) 
DOE selected Mitchell for the first round PL 96-126 solicitations for a feasibility study of in situ gasification 
of deep Texas lignite. The medium BTU synthesis gas produced would be converted to hydrogen and carbon 
dioxide at a site on the Texas Gulf Coast. A small scale production test at 100 to 400 TPD will be conducted, 
and if successful, commercial production units of 2000 TPD would begin in 1985. 

Project Cost:	 $809,000 

UNDERGROUND COAL GASIFICATION - University of Texas (Austin), Basic Resources, DOE, Texas Energy and 
Natural Resources Advisory Committee, and Texas Mining and Mineral Resources Research Institute (C-1030) 
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Laboratory investigations have been underway since September 1974, to determine technical, environmental, 
and economic feasibility of in situ gasification of large reserves of deep basin Texas lignite. The goal of the 
research is to establish which geological, physical, and chemical conditions are conducive to in situ 
gasification as well as establishing design principles for field tests and ultimate commercialization. 
Laboratory and theoretical studies are being performed by the Departments of Chemical Engineering, 
Petroleum Engineering, Environmental Health Engineering, and the Bureau of Economic Geology. Laboratory 
work is focusing on lignite reaction properties, tar cracking, combustion tube studies, block experiments, 
burning rates, sweep efficiency modeling, rock mechanical properties of the overburden, subsidence modeling, 
and biological characteristics of wastewater (surface and subsurface). 

Project Coat:	 $200,000/Year 

UNDERGROUND COAL GASIFICATION, CANADA - Alberta Research Council, Four government agencies, 11 
industry participants (C-1040) 

The Alberta Research Council began in situ coal gasification tests in July 1976 at a site approximately 90 
miles southeast of Edmonton, Alberta, at the Manalta Coal, Ltd., Vesta mine. The Forestburg project 
involved reverse combustion linkage followed by forward gasification of two pairs of wells at opposite ends of 
a 9 m x 18 m rectangular pattern. After forward gasification between end-wells, a line-drive was attempted 
between the two pair of end wells. The latter step was difficult to control and lack of horizontal 
containment of produced gases led to termination of the gasification test. The gasification site was 
excavated during the fall of 1977 and the affected zone of the first burn dimensioned and documented. The 
project is being held in abeyance pending additional technical feasibility and economic viability studies. 
Work is continuing on the development of a mathematical model for UCG. Recent progress has been the 
completion of a finite element program for predicting heat penetration into the coal strata. Future work will 
be directed toward modeling of cavity growth. This work will be complemented by small scale experiments 
to develop parameters for high temperature pyrolysis associated with UCG. 

Project Coat:	 $10 million for 5-year program 

UNDERGROUND COAL GASIFICATION, HANNA PROJECT - University of Wyoming Research Corporation and 
Rocky Mountain Energy Co. (C-1050) 

The Linked Vertical Well (LVW) process for underground coal gasification has been under development since 
1972 at a site near Hanna, Wyoming. The process is directed at the gasification of coal seams between 15 
and 50 feet thick. This involves the linkage of well bores by reverse combustion, followed by gasification by 
forward combustion. During Hanna II, the maximum gas production achieved was 11.5 MMSCF/day with a 
heating value of 175 BTU per SCF (equivalent to 325 barrels of oil per day). Hanna III, was a two-well 
pattern (60 feet apart) designed to provide environmental information—specifically effects to groundwater. 
Hanna IV is a three-well pattern which began air communication tests September 1977 in preparation for a 
gasification test. Linkage between original wells over-rode the coal seam. Two new offset wells were drilled 
to reestablish linkage at bottom of seam. Subsequent gasification test indicated coal over-ride again. Hanna 
IV was re-injected on April 20, 1979 using a linear pattern of four wells spaced 37.5 feet apart. The reverse 
combustion link moved across the desired pattern for 75 feet during the first nine days, linking two of the 
wells. Problems were encountered in further attempts at linking but, by July 11, the link to the third well 
was complete and at least two links were seen, both low in the coal seam. During the test, gas production of 
4500 SCF per minute was achieved. The test was shut down September 21, 1979 after 37 consecutive days of 
gasification. Under the new DOE Underground Coal Gasification Program, Hanna V has been deferred 
indefinitely. Activities at the site are concerned with environmental monitoring. As part of the permit 
requirements with the Wyoming Department of Environmental Quality, the site hydrology and the effect of 
the burn areas on the hydrology are being determined. Post-burn coring of the Hanna II, phases 2 and 3 site 
began in October 1980. Cores from both Hanna If and Hoe Creek 3 are being analyzed. 

Project Coat: $1.6 million, FY 1976 
$2.3 million, FY 1977 
$3.6 million, FY 1978 
$3.2 million, FY 1979 
$2.4 million, FY 1980
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UNDERGROUND COAL GASIFICATION, HOE CREEK PROJECT - DOE and Lawrence Livermore Laboratory 
(C-1060) 

The project is designed to develop a process for steam-oxygen gasification of underground coal, producing 
medium-BTU gas suitable for conversion to SNG or as a chemical feedstock. Methods for enhancement of 
coal bed permeability are included in the project. A preliminary two-well fracture and air gasification test, 
Hoe Creek No. I, was conducted during October 1976 at a site 25 miles southwest of Gillette, Wyoming. 
Gasification at Hoc Creek No. 2, which utilized reverse combustion to link two process wells, was initiated on 
October 14, 1977 and completed December 25, 1977, primarily using air gasification. Oxygen Injection 
producing 250-300 BTU per SCF gas was carried out for two days during November 1977. Hoe Creek No. 3, 
initiated in August 1979, was the first in-situ experiment to use a horizontal channel to control the 
combustion front as it moves through the coal seam. The experiment was carried out in a 25 foot seam of 
subbituminous coal at a depth of 165 feet from the surface. During the 47 day run with steam and oxygen 
injection over a 100 foot link, 3900 tons of coal were gasified, producing a synthesis gas with an average 
heating value of 218 BTU per SCF. The average coal consumption rate was 80 tons per thy. The average gas 
composition was 37 percent H 2 , 5 percent CH4, 11 percent CO, and 44 percent CO2. Gas recovery was 
approximately 86 percent during the test, and the average thermochemical efficiency was new 65 percent. 
Subsidence between the injection and production wells began three weeks after gasification stopped. A 
crater 60 feet by 30 feet, and 9 feet deep resulted. Efforts in 1980 included analysis of the Hoe Creek No. 3 
experiment, including postburn coring; modeling; laboratory experiments; and environmental R&D. This work 

Project Cost: $3.5 million, FY 1976 
$2.7 million, FY 1977 
$2.7 million, FY 1978 
$5.1 million, FY 1979 
$2.6 million, FY 1980 
$2.7 million, FY 1981 

UNDERGROUND COAL GASIFICATION, PRICETOWN PROJECT - DOE, Morgantown Energy Technology Center, 
Consolidation Coal Company (C-1070) 

The project was designed to assess the potential for underground coal gasification in thin seam, swelling 
bituminous coal. The ultimate gasification process has not been identified, although concepts which utilize 
directional drilling techniques to place long, parallel, horizontal holes in the coal seam have been given prime 
consideration. However, the first field test, Pricetown I, was conducted to determine whether the Linked 
Vertical Well (LVW) technology, can be adapted to recover the unmineable bituminous coal resource. The 
project site is located new Pricetown, West Virginia, and the target zone is high volatile Pittsburgh seam 
bituminous coal. Status - The reverse combustion linkage (RCL) phase of the test was initiated on June 9, 
1979, with the successful ignition of the high ash, high sulfur coal seam. The initial linkage path over the 
forty foot section of the test field was found to be insufficient and a second pass of the flame front through 
the link was completed on July 8, 1979. After successfully relaying the reaction front into the sixty foot 
section of the field, RCL was continued until breakthrough at the injection well on July 23, 1979. The 
gasification phase of the field test was initiated on September 23, 1979, and was continued until October 5, 
1979. During the period, air injection into the 60 foot long coal seam section was maintained at about 1.8 
MMCF/thy at 300 PSIG pressure. Production flow averaged 4.2 MMCP/day at system backpressures up to 120 
PSIG. A relatively clean combustible gas having an average heating value of about 127 BTU per cubic feet 
(527 MM BTU per day) was produced through the gasification phase. During the four month burn, more than 
850 tons of coal was effected with approximately 20-25 tons consumed per day during gasification. Test 
operations were shut down on October 19, 1979, and post-test coal seam and environmental monitoring 
initiated. Post test core drilling (consisting of 4 core wells) was initiated in December 1980, and completed 
in February 1981. Burn analysis was completed and a Report of Investigation (RI) was scheduled for 
completion in July 1982. Post monitoring of deep and shallow well water and surface streams was terminated 
as all data indicate pre-burn conditions. 
A one year effort was completed to inject actual data into a 3-D thermodynamic model to evaluate burn 
predictions and results. 
A contract was awarded to Williams Brothers Engineering Co. to assess the flat and steeply dipping 
bituminous coal beds in the eastern part of the United States The work was completed in January 1982, and 
includes site selection, site availability, resource availability, and linking and gasification technology best 
suited to the resource. Three concepts were developed. 
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The METC/UCG program was terminated as of September 1982. 

Project Cost:	 $1.1 million, FY 1977 
$3.2 million, FY 1978 
$0.9 million, FY 1979 
$0.56 million in FY 1980 
$0392 million in FY 1981 
$0.553 million in FY 1982- revised 

UNDERGROUND COAL GASIFICATION, ROCKY HILL PROJECT - ARGO (C-1080) 

ARCO conducted an in situ coal gasification test new Reno Junction, Wyoming. A linked vertical well 
gasification program using three in-line wells was completed. Target zone was a I foot-thick coal seam at a 
depth of 630 feet. Construction took place in the summer 1978 with operation in August-September. Two 75-
foot reverse combustion links were established at the bottom of the coal seam, and, significantly, the second 
link was a relay of the first. This was followed by 60 days of forward combustion at air flow rates up to 
maximum capacity of 4,000 SCFM. Average gas quality exceeded 200 BTU per SCF. 

No further testing is planned. Site decommissioning and reclamation are underway 

Project Cost:	 $3 million 

UNDERGROUND COAL GASIFICATION, STEEPLY DIPPING BED PROJECT —DOE and Gulf Research & Develop-
ment Company (C-1090) 

Gulf R&D, Harmarville, Pennsylvania, was awarded a cost-sharing contract in September 1977 to develop 
technology for underground gasification of steeply-dipping coal seams (dipping greater than 45°). The project 
includes site evaluation and environmental assessment, followed by two field tests for process evaluation. A 
site was selected eight miles west of Rawlins, Wyoming, in Section 11, T2IN, R89W. The first test was 
completed in December of 1979 and met all of the test objectives. The coal was ignited at a vertical depth 
of 400 ft. utilizing a directionally drilled process well pair with a drilled link between well bases. The 35-thy 
test included both water/air injection and steam/02 injection phases. According to plan, approximately 1200 
tons of coal were utilized. During the air gasification phase, product gas quality initially climbed to 180 BTU 
per SCF and, as expected, gradually declined to the 120-130 BTU range over a 21-day period at production 
rates between 3000 and 4500 SCFM. The five-day steam/02 test yielded 230-280 BTU per SCF gas at rates 
ranging between 2000-4000 SCFM. Post-test characterization has been completed and included drill coring, 
sonar measurements, and TV camera logging of the resultant burn cavity. The results of this work have 
produced a complete model of this cavity, and have contributed appreciably to the understanding of the 
mechanism of gasification. 

In Test 2, at the Rawlins site, the coal was ignited at the base of the injection well on August 23, 1981. 
Operation continued for 40 days with a series of experiments studying the effect of 02 injection rate, 
steam/0 2 ratio, residence time, and reactor pressure. Product heating value ranged 320-400 BTU per SCF 
with 350-400 BTU per SCF maintained over much of the period. Gas quality did not degrade as seen in Test 1 
and at other sites. About 4500 tons of coal were gasified in this period. Wet product gas rates were 5000-
8000 SCF/m with project oxygen ratios of 6-11 observed. Maximum daily coal gasification rates were 210 
TPD. Operation was then switched to the vertical injection well for a 14 thy test. In this mode, heating 
values of 270-340 BTU per SCF were observed. Approximately 2000 tons of coal were gasified during this 
time with product/oxygen ratios of 3-5 obtained. In the final 12 days of operation, both injection wells were 
operated simultaneously producing up to a single product well. Coal gasification rates of 150-200TPD and 
product heating values of 280-350 BTU per SCF were realized. Project completed 9/30/82. 

Project Cost:	 $18.25 million 

UNDERGROUND GASIFICATION OF TEXAS LIGNITE, TENNESSEE COLONY PROJECT - Basic Resources, Inc. 
(C-hOG) 

Basic Resources, Inc., a wholly owned subsidiary of Texas Utilities, has purchased underground gasification 
technology developed in the Soviet Union to determine the feasibility of gasifying deep lignite deposits in 
east Texas. They have prepared an underground gasification experiment in western Anderson County. Permit 
for project was granted by the Texas Railroad Commission. Ignition was achieved on August 9, 1979. Lignite 
was gasified in line drive between two parallel rows of wells spaced 80-100 feet apart. Testing was 
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terminated March 4, 1980. Operation during the last two weeks of the six-month test was with an oxygen 
steam mixture. During the first phase of testing, the heating value of the gas produced averaged 81 Btu/scf 
with an average production rate of 285 MMBtulday. In the second phase utilizing steam-oxygen, the heat 
content of the product gas averaged 230 Btu/scf with the maximum value obtained being 260 Btu/scf. 

Project Cost:	 Undetermined 

UNDERGROUND GASIFICATION OF TEXAS LIGNITE - Texas A&M University (C-lila) 
Texas A&M conducted field tests to develop the Linked Vertical Well process for in situ gasification of Texas 
lignite. The first project site was about three miles southwest of the campus at College Station, Texas. The 
objectives of the field experiment were to test the procedures of ignition, back burn, gasification, and to 
gather environmental data. Water intrusion from an overlying aquifer prevented sustained combustion at this 
site. A second gasification test site was selected in Milam County, Texas on lands owned by Alcoa. 

Project Cost:	 $250,000/year 

UNDERGROUND COAL GASIFICATION, TONG PROJECT - DOE, Washington Irrigation and Development 
Company (WIDCO), Pacific Power and Light, Lawrence Livermore National Laboratory (LLNL), and the State of 
Washington (C-1120) 

In 1979, Congress appropriated funds to study UCG in the State of Washington. Most of the state's coal 
resources are deep, steeply dipping, thin, or dirty. The tests were designed to demonstrate how these 
resources can be recovered by UCG. Sandia National Laboratory participated in the site selection at Tono 
new Centralia, Washington. Five tests were conducted to determine the effects of changing the mixture of 
air, oxygen, and steam. Each test lasted three to five days and consumed approximately 40 tons of coal. At 
the conclusion of each test, the burn cavity was visually inspected by a remote television system and then 
excavated. The final test was concluded in January 1982. 
Following the successful large block experiments in 1981/1982, LLNL and WIDCO will conduct a follow-on 
UCG program at the Washington site. Three tests are envisioned, leading to commercial UCG implementa-
tion at the WIDCO mine. The Washington State experimental program is designed to develop the controlled 
retracting injection point, or CHIP method of underground coal gasification applied to a highwall geometry. 
The CRIP process is a method of controlling the injection point location in UCG. 
Three tests are planned; a partial seam test, a full seam test, and a large scale test. Sponsors of the first 
test, called the Tono 30 day partial seam CHIP test, include DOE, GRI, and two northwestern utilities: the 
Washington Water Power Company and Pacific Power and Light. The partial seam test is designed to use 
one-half the coal seam thickness and to allow for 4 or 5 injection point withdrawals during the 30 day burn 
period. This test will: (1) determine the appropriate spacing and timing for injection point withdrawal and (2) 
study the gas composition and burn width. 
The injection and production wells will be drilled and linked by directional drilling, possibly assisted by 
reverse combustion. As the burn progresses, the coal underneath the production channel is consumed, causing 
collapse and ensuring a continuous now path with low pressure drop. This technique should provide the 
maximum protection against slag plugging in the high ash Big Dirty coal seam. 
Thermocouples will be installed in all process wells and in additional instrument wells. Surface monuments 
will be monitored for subsidence. Temperature, pressure, and product gas chemistry will be monitored using 
the LLNL data aquisition system. Steam-oxygen injection is planned; the expected coal consumption is 
2,000 tons and the dry product gas heating value is estimated to be 270 BTU per standard cubic foot. 
Gasification is planned for the fall of 1983. 

Project Cost:	 $800,000 for the large block tests 
$3.1 million for CHIP tests in 1983 

(NOTE: also see Washington State UCG Site Selection and Characterization.) 

*UNDERGROUND COAL GASIFICATION, THUNDERBIRD II PROJECT - Wold-Jenkins (C-1140) 
The project, located in Johnson and Campbell Counties, Wyoming, is proceeding with plans for field 
demonstration of second generation UCG technology. Price guarantees were requested from the United 
States Synthetic Fuels Corporation under the third solicitation. However, the project did not pass the SFC's 
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STATUS OF SYNPUELS (Underline Denotes Changes Since March 1983) 

CONVERSION COAL CONVERSION PROJECTS (Continued) 

project maturity evaluation. Additional equity sponsors will be sought. Construction is planned to begin in 
1989 with initial production from the first module in 1990. Production from the first module will be 
82.4 million standard cubic feet per day of SNG. Future modules will include methanol synthesis and units to 
produce gasoline, as well as SNG. 

Project Cost: 	 Undetermined

4-118	 SYNTHETIC FUELS REPORT, JUNE 1983



RECENT PUBLICATIONS 

American Insitute of Chemical Engineers, Spring National Meeting, March 27-31, 1983, Houston, Texas included the 
following papers: 

Rosenberg, Joe, at al, "The Economic Potential for Coal Gasification." 

Qader, S. A., "Hydrocracking of Liquefied Coal." 

Chu, Richard R., "Emission Sources and Their Control for Coal Gasification." 

Herman, Mark N., "Calculating the Atmospheric Impact of Fugitive Particle Emissions from Synthetic 
Fuel Operations." 
Gray, Robert IV., "Environmental Program for Memphis Industrial Fuel Gas Plant." 

Weber, Robert C., at al, "Environmental Permitting for the IC1InGAS Coal Gasification/Electric Power 
Generation Facility: A Case Study." 
Crynes, B. L., "Coal Sources, Utilization, .Justification, and History." 

Seapan, Mayis, "Chemistry of Coal Liquefaction." 

Artherton, Linda, "Pyrolytic and Extractive Liquefaction Processes." 

Stewart, N. C., "Catalytic Liquefaction Processes." 

°Seapan, Mayis, "Upgrading of Coal Derived Liquids." 

Crynes, Billy L., "Present Status and Future of Coal Liquefaction." 

• Berg, Lloyd, at at, "The Catalytic Upgrading of Solvent Refined Lignite." 
Asim, Mehmet Y., et al, "Hydrotreating of Solvent Refined Coal-I Naphtha." 

Seapan, Mayis, at al, "Effects of the Removal of Basic Nitrogen Compounds from SRC-Oils on the 
Activities of Hydrotreatment Catalysts." 

Duddy, John E., at al, "H-Coal Liquids—Upgrading Upstream or Downstream?" 

*Robinson, Richard C., at al, "Aromatics Production from Coal Syncrudes by Hydroprocessing and 
Reforming." 
Sikonia, J. Ci., at al, "Maximizing Diesel Fuel and Petrochemical Feedstock Production from H-Coal 
Liquids." 

Raman, S. Venkat, at al, "Retrograde Reactions in the SRC-I Vapor-Liquid Separators." 

Hollenack, William R., et al, "Control of Retrograde Reactions at the Wilsonville Advanced Coal 
Liquefaction R & D Facility." 

Sharp, D. W., at al, "Cool Slurry Preheater Coking in the Exxon Coal Liquefaction Pilot Plant." 

Frazier, George C., at al, "Coking in Coal Liquefaction Process Equipment: A Preliminary Data 
Correlation." 

Chapman, Richard N., "The Mechanism of Preheater Coking: A Fluid Dynamic Perspective." 

*Brimhall, Ronald M, "Utilizing Texas Lignite by In Situ Gasification: Report on Field Research." 
Cohen, S. Jay, at at, "Liquefaction of Texas Lignite with the Exxon Donor Solvent Process." 

Willson, Warrack g., at al, "Homogeneous Catalysis of Lignite Liquefaction with H2S—Comparison of 
Liquefaction Responses for a Low-Sulfur Texas Lignite and a High-Sulfur North Dakota Lignite." 

Edgar, T. F., "Retention of Sulfur by Ash During Fluidized Bed Combustion of Texas Lignite." 
Reiss, Roger S., "Gasifier Feeders and Ash (Product) Handling." 
Bell, Alexis T., at al, "Cleavage of Aliphatic and Ether Linkages between Aromatic Centers in Coal-
Related Structures Catalyzed by Zinc Halides." 

Schimberg, R. H., at al, "Thermal Chemistry Pathways of Some Model Coal Systems." 
Philip, C. V., "Dissolution Reactions of Lignite." 
Ramanujam, S., at al, "Correlations for the Computation of V-L-E Behavior Related to Coal 
Gasification." 

Sick, P. J., at a!, "Gamma Ray Densitometry." 

Mehta, Dhirendra C., at a!, "V-L-E and Enthalpy of Coal-Derived Liquids for the SRC-1 Process." 
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Lee, D. 0., at al, "Rheology of Coal Slurries at Process Temperatures and Pressures." 
Hall, K. R., et al, "Preparation and Availability of Tables of Thermodynamic Properties for Coal-Derived 
Fluids." 

Stephens, Howard P., "Experimental Determination of the Impact of Coal Cleaning on Liquefaction 
Under Catalyzed and Uncatalyzed Conditions." 
Alexander, Bruce f., "SRC-II Processing of Sub-Bituminous Coal with Added Pyrite: Variable Effects." 
Stolñ, Frances V., "The Role of Catalyst in the ITSL Process." 
Burke, F. P., et al, "Recycle Solvents In Catalytic Coal Liquefaction." 
Ganguli, Partha S., "Regeneration of Spent Catalyst from Coal Liquefaction and Petroleum Residual 
Upgrading Operations." 
Sood, A., et al, "Liquefaction of Low Sulfur/Low Ash and High Sulfur/High Ash Coal Mixtures." 

Trilling, C. A., et al, "Catalysis of Coal Char Gasification with CO2, H2O, 020, H2, and D2." 
Nandi, Satyendra, at al, "Effects of the Preparative Procedure on Reactivity of Lignite Chars." 
Cypres, R., at al, "Catalytic Effect of Calcite on Hydropyrolysis Yields of High-Calcite Coal." 
Feldmann, Herman, at al, "Coal Catalysis Expands Gasifier Application Options." 
Deshpande, G. V., at al, "The Use of Supercritical Water Extraction of Low Rank Coals with Water." 
Bhattacharyya, D., et al, "Wet Air Oxidation of Selected Phenolic Constituents Present in Coal 
Conversion Process Wastewaters." 

American Mining Congress International Mining Show, October 11-14, 1982, Las Vegas, Nevada, included the 
following papers: 

Blackmore, Gerald, "Coat and Benefits of Coal Preparation." 
Hertog, John H., "Opportunities in Rail Transportation of Coal." 
Langley, Van E., "Displacing Oil with Coal." 
Strid, Joel A., "Fourteen-Ft. High Longwall at Carbon No. 1 Mine." 

Baker, Gene G., at al, "Effects of Several Disposable Catalysts on Liquefaction of Lignite, presented at the 1982 
Convention of Civil Engineers, October 25, 1982, New Orleans, Louisiana. 

Baker, Gene G., et al, "The Liquefaction Behavior of a Canadian Sub-Bituminous Coal in Comparison to the of 
Several United States Lignites and Sub-Bituminous Coals," Grand Forks Energy Technology Center, September 1982. 

Billings, Roger, Hydrogen from Coal, Penn Well Books. 

Bhattacharyya, 0., et al, "Coal Gasification Process Wastewater Reusability: Separation of Organics by Mem-
branes," Environmental Progress, February 1983. 

Britz, T. J., et al, "Anaerobic Digestion of a Petrochemical Effluent," Biotechnology Letter, 1983. 

Carlson, Clarence 0., "Geology of Morton County, North Dakota," North Dakota Geoogical Survey, 1983. 

Catalytic, Inc., "Operation of the Wilsonville Advanced Coal Liquefaction R & D Facility," include: 

Technical Progress Report, November 1982. 
Technical Progress Report, December 1982 
Technical Progress Report, February 1983 
Quarterly Technical Progress Report, April 1983. 
Annual Technical Report, April 1983. 

Catalytic, Inc., "Solvent Refined Coal Process: Operation of the Solvent Refined Coal Pilot Plant," October 1982. 

Cena, R. J., et al, "Underground Coal Gasification Data Base," Lawrence Livermore Laboratory, November 24, 1982. 

Chaffee, Alan L., at al, "Pyrolysis-Gas Chromatography of Australian Coals," Fuel 1983. 

Chiu, S. Y., at al, "Coal Gasification Waste Disposal—The Impact of Regulation," Environmental Progress. Feburary 
1983. 

Chow, Chee Keung, "Reactivity of Hydrolyzed Coals in Liquefaction," Fuel 1983. 
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Churton, B. M., "Zimprds Biophysical Treatabiity and Characterization Study on H-Coal Wastewater," Ashland 
Synthetic Fuels, Inc. November 1982. 

Coffeen, W. G., Ill, "Using Gasification as a Reliable Source of Fuel," Gasification Division, 1983. 

Davidson, Robert M., "Mineral Effects in Coal Conversion," Rep. ICTIS/TR, 1983. 

Dierk, Ernst A., at a!, "The Industrial Role of Coal Chemistry," Chemical Industry (Londong), 1983 

Ethridge, Frank G., et al, "Overburden Characterization and Post-Burn Study of the Hoe Creek, Wyoming 
Underground Coal Gasification Site and Comparison with the Hanna, Wyoming Site," Colorado State Univeristy, 
January 1983. 

Exxon Research and Engineering Company, "EDS Coal Liquefaction Process Development: Phase V," September 
1982. 

Firnhaber, Bernd, at al, "Fuel Evaluation for Entrained-Bed Coal Gasification," presented at the AIChE Annual 
Meeting, November 14, 1982, Los Angeles, California. 

Fluor Engineers and Constructors, Inc., "Crow Tribe of Indians. Synfuels Feasibility Study," August 1982. 

Fluor Engineers and Constructors, Inc.,. "Economic Evaluation of the Coproduction of Methanol and Electricity with 
Texaco Gasification-Combined-Cycle Systems," Final Report, January 1982. 

Fluor Engineers and Constructors, Inc., "Economies of the Texaco Gasification Process for Fuel Gas Production," 
Final Report, July 1982. 

General Electric Company, "High-Temperature Turbine Technology Program," Final Report, November 30, 1982. 

Glenn, Michael K., "Mining and Environmental Law" seminar, April 4, 1982, Washington, D.C. 

*Gas Research Institute, "Characterization and Disposal of Coal Gasification Waste Products, Phase I," Final Report, 
March-December 1982. 

Holmes, T. L., at a!, "Reversejet Scrubber for Control of Fine Particulates," Chemical Engineering Progress, 1983. 

Holstein, William L., "Design of Laboratory Reactors for the Measurement of Catalytic Carbon and Coal 
Gasificaiton Kinetics," Fuel, 1983. 

Holstein, William L., et a!, "Transition Metal and Metal Oxide Catalyzed Gasification of Coal by Oxygen, Water, and 
Carbon Dioxide," Fuel 1983. 

International Coal Conversion Conference, Pretoria, South Africa, included the following papers: 

van Krevelen, D. W., "Coal and Its Properties Related to Conversion." 
Jacobs, P. A., "Recent Catalysis Developments." 
O'Hara, J. B., "International Coal Liquefaction Status." 

Mullowney, J. F., "The Conversion of Coal to Liquids, Gases, and Chemicals First and Second 
Generation." 
Kohll, E. A., at a!, "Coal Based Liquid Fuels (For Transportation): Economic Comparison of Liquefaction 
and Gasifiation Routes." 

Peters, W., "Economic Aspects of Coal Gasification and Liquefaction in Western Europe." 

Geertsema, A., et a!, "Direct Versus Indirect Coal Liquefaction for the Production of Transport Fuels—A 
Techno-economic Appraisal for RSA Coals." 
Goerg, W. G., "The Production of Hydrogen, Purification and Separation of Recycle Gas Streams in Coal 
Conversion Complexes." 
Beyer, G. H., "A Satellite Liquids from Coal Plant." 
Kennedy, R. M., Financing of Large Synfuel Projects—'SASOL'." 
Mikhlin, J. A., at a!, "Overview of World Liquefaction Development." 
Langhoff, J., et a!, "Design, Construction, and Operation of the 200 T/ U Pilot Plant Bottrop." 
DeVaux, G. R., "The H-Coal Process."
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Tao, J. C., "Deashing, Desulfurization, and Denitrogenation of Coal by the SRC-I Process." 
Cortez, D. H., "Coproduction of Syncrude and Power Using the Toscoal Process." 
Porter, C. R., et al, "Enchanced Direct Coal Liquefaction with Iron Pentacarbonyl Catalysts Under 
Water-Gas Shift Conditions." 
Kelvin, N.V.P., et al, "Direct Catalytic Hydrogenation of Australian Coals." 

Schrnal, M., at al, "Liquefaction of Brazilian Coal." 
Rocker, D., et al, "Liquefaction of Brown Coal, Status and Development." 
Pottier, J., at al, "Development of a Coal Hydroliquefaction Process for Simulataneous SNG and Liqud 
Fuel Production." 
Nandi, B. N., at al, "The improvement of Liquefaction Propensities of Low-Grade Oxidized Coal from 
Western Canada Via the Water-Gas Shift Reaction." 
Chang, H. J., at at, "Coal-Derived Oils Hydrotreatment Catalysts Deactivation." 

Czajkowski, G. J., at al, "Maximizing Diesel Fuel and Petrochemical Feedstock Production from H-Coal 
Sy ncrudes." 
Rodgers, B. R., at al, "Experimental Support at the Oak Ridge National Laboratory for USA Coal 
Conversion Demonstration Projects: Preheater Rheology, Slurry Mixing, and Vacuum Bottoms Viscosity." 
Schlesinger, C. B., et al, "Methanol-A Proven Process for Selective Liquefaction of High Ash Coal." 
Thiagarajan, N., at al, "Fluid Bed Demonstration Plant for the Conversion of Methanol to Gasoline-Mobil 
MPG Process." 
Garkisch, 0. L., "Coal to Synfuels Via Methanol." 
Brace, G., at al, "Carbon Monoxide and Hydrogen Reactions onMethanol Derivatives: New Perspectives 
with Ruthenium Catalysts." 
Bull, A. G., "Conversion of Coal to PVC by the Coalplex Route." 
Meurer, P., "The Acetylene Route to Chemicals." 

•Thorpe, C. R., "The Fedmis Coal-Based Ammonia Plant." 
Shires, M. J., et al, "Review of Coal Gasifiers for Syngas Production." 
Gilbert, B. R., "Economic Potential of Coal as a Source of Chemical Synthesis Gas." 
Schora, F. C., et al, "U-Gas Process for Production of Synthesis Gas." 
Crouch, W. B., "The Texaco Coal Gasification Process-Synthesis Gas for Chemical Feedstocks." 
Yamamori, K., et al, "Conversion of Coal to Synthesis Gas and Liqud Fuel Based on Sumitomo 
Gasification Process." 
Rudolph, P. F., at at, "Lurgi Coal Gasification-Achievements and Developments." 
Cornils, B., et al, "Coal Gasification as a Syngas Source for the Chemical Industry." 
Hsu, T. R., "Statistical Studies of Coal Fracture." 
Staege, H. F., et al, "Coal in Synthesis Gas Chemistry." 
Brown, N. R., et al, "Carbon Monoxide Disintegration of Alumina Refractory Concretes Exposed to 
Simulated Coal Gasifier Atmospheres at 500°C. 
Kronert, W., "Experiences on Refractories for Coal Conversion." 
Babbitts, M. C., at al, "Modelling of Residence Time Distribution in an Entrained Flow Coal Gasification 
Reactor." 
Salvador, L. A., at al, "The Joint Sasol/ Westinghouse Commercial Scale Fluidized Bed Coal Gasification 
Project." 
Judd, M. R., et al, "High Pressure Combustion and Gasification in a Fluidized Bed with a Draught Tube." 
Gray, D., et al, "Potential Improvements in Sasol Technology." 
Ilgner, H., at al, "Considerations for the Design of a Commercial Coal Gasification Plant According to 
the Texaco Process." 
Dybkjaer, lb, "Tooe's Technology in Conversion of Coal." 
Teggers, H., "Actual Status of the Rheinbraun High-Temperature Winkler (HTW) Gasification Process." 
Bogner, F., at al, "Large Scale Gasification of Coal Fines." 
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Couch, A. T., at al, "The Use of Fluidized Combustion to Burn the Flyash from Koppers-Totzek 
Gasifiers." 
Brink, A., at al, "The Fischer-Tropsch Synthesis as Applied at Secunda with Special Reference to Product 
Work-Up and Product Quality." 
Dry, M. E., "High Yield, High Quality Diesel from Fischer-Tropsch." 
Jager, B., et al, "Opportunities for Low Temperature Fischer-Tropsch Processing." 
Schulz, H., et al, "Selectivity of the Fischer-Tropsch Cohydrogenation." 
Blanchard, M., "Liquid Phase Synthesis of Light Hydrocarbons from CO and H2 (and Methanol) with 
Supported and Unsupported Cobalt Catalysts." 
Deckwer, W. I)., et al, "Fischer-Tropsch Synthesis on Mn/Fe Catalyst in Slurry Phase and Fixed Bed." 
Heinemann, H., et al, "Heat and Mass Transfer Effect in Slurry Bed Fischer-Tropsch Reactors." 
Everson, R. C., "Support Effects on Ru Catalysts for Carbon Monoxide Hydrogenation to Liquid 
Hydrocarbons." 
Tkatchenko, D. Ballivet, et al, "Metals Entrapped in Zeolites as Fischer-Tropsch Catalysts." 
Hammer, H., et al, "Non-Conventional Heterogeneous Catalysts for the Selective Fischer-Tropsch 
Synthesis." 
Falbe, J., et al, "Catalyst Development for Selective Syntheses Via the Fischer-Tropsch Process." 
van Vuuren, U. S., at al, "Catalysis Research on the Conversion of Synthesis Gas or Coal Liquids to 
Liquid Automotive Fuels and Petrochemicals." 

Proceedings of the International Conference on Coal Gasification, Liquefaction and Conversion to Electricity, 
August 3, 1982, Pittsburgh, Pennsylvania. 

*International Energy Agency, "Coal Liquefaction, a Technology Review." 

Janeczek, Joseph, Jr., et al, "Treatability of a Coal Gasification Wastewater using the Powdered Activated 
Carbon/Activated Sludge Process," Process Industrial Waste Conference, 1983. 

Jeran, Paul W., at a!, "A Guide to Geologic Features in Coal Mines in the Northern Appalachian Coal Basin," 1983. 

Johnson, J. K., et al, "Coal Slurry Mixing: Residence Time and Temperature Effects on SRC Feed Slurries," Oak 
Ridge National Laboratory. 

Juentgen, Harald, "Application of Catalysts to Coal Gasification Processes. Incentives and Perspectives," Fuel, 
1983. 

Kapteijn, Freek, et al, "Formation of Intercalate-Like Structures by Heat Treatment of Potassium Carbonate-
Carbon in an Inert Atmosphere," Fuel, 1983. 

Kelvin, Norbert, at al, "Hydroliquefaction of Australian Coals with Recycled Slurry Oil in a 1 kg h-i Continuous 
Reactor," Fuel, 1983. 

Khan, A. A., at al, "Physical Property Estimation for Coal Liquids," presented at the American Institute of Chemical 
Engineers, 1982 Annual Meeting, November 14, 1982, Los Angeles, California. 

Kubiak, Helmut, et a!, "Application of Potassium Carbonate Catalysts in the Coal Gasification Process Using 
Nuclear Heat," Fuel, 1983. 

Kuehn, Lothar, et a!, "Reaction of Catalysts with Mineral Matter During Coal Gasification," Fuel, 1983. 

Leonhardt, Peter, at al, "Steam Gasification of German Hard Coal Using Alkaline Catalysts. Effects of Carbon 
Burn-Off and Ash Content," Fuel, 1983. 

Luthy, Richard 0., at al, "Removal of Organic Contaminants from Coal Conversion Process Condensates," Water 
Pollution, 1983. 

Mattes, Robert H., "Lake Lynn Laboratory: Construction, Physical Description, and Capability," 1983. 

McKee, Douglas W., "Catalysis of Coal Char Gasification by Alkali Metal Salts," Fuel, 1983. 
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Midcon Corporation, "Financial Statistics, 1982." 

Foster-Miller, Inc., "Development of Conceptual Designs for Peat Production Systems," Final Technical Report, 
October 1982. 

Mims, Charles A., at at, "Role of Surface Salt Complexes in Alkali-Catalyzed Carbon Gasification, Fuel, 1983. 

*Nokota Company, "Project Description Dunn-Nokota Methanol Project, Dunn County, North Dakota," September 
1982. 

Okutani, Takeshi, at al, "Coal Liquefaction with Hydrogen Sulfide-Hydrogen Gas Mixture and Metal Oxide 
Catalysts," Ind. Eng. Chem. Process Des. Dev., 1983. 

Peterson, Roy E., "Low Rank Coals and Waste Materials for Reduction Roasting and Metallization of Iron Oxides," 
1983. 

Powder River Coal, "Tract Summaries," April 1983. 

Poutsma, M. L., at al, "initial Exploration of Application of Open-Gradient Magnetic Separation of Coal to 
Beneficiation of Liquefaction Fee," Oak Ridge National Laboratory. 

Radovic, Ljubisa R., at al, "Effect of Lignite Pyrolysis Conditions on Calcium Oxide Dispersion and Subsequent Char 
Reactivity," Fuel, 1983. 

Hoop, R. D., "Treatment of Coal Conversion Wastewaters," for United States Department of Energy Demonstration 
Facilities, by Oak Ridge National Laboratory. 

Ruhrkohle, AG, at at, "Illinois No. 6 coal Tests on Ruhrkohle/Ruhrchernie's 165-TPD Texaco Gasifier," Final Report, 
Septebmer 1982. 

Sharma, Durlubh K., at al, "Low-Molecular-Weight Products Through Depolymerization of Coal," Erdoel Kohle, 
Erdgas, Petrochemical, 1983. 

Shimada, Hiromichi, at al, "Metal Deposits on a Nickel-Molybdenum Catalyst Used for Coal Liquefaction," Chemical 
Letter, 1983. 

Southern California Edison Company, "Investigation of Methanol as a Boiler Fuel for Electrical Power Generation," 
Final Report, August 1982. 

Spiro, Clifford L., et al, "Catalytic Carbon Dioxide-Gasification of Graphite Versus Coal Char," Fuel, 1983. 

Spiro, Clifford L., at al, "Significant Parameters in the Catalyzed Carbon Dioxide Gasification of Coal Chars," Fuel, 
1983. 

Strayer, Richard F., et al, "Reduced Sulfur in Ashes and Slags from the Gasification of Coals: Availability for 
Chemical and Microbial Oxidation," Applied Environmental Microbiology, 1983. 

Sullivan, R. F., "Refining and Upgrading of Synfuels from Coal and Oil Shales by Advanced Catalytic Processes," 
Quarterly Report, February 1983. 

Thorsness, C. B., at al, "Laboratory Tests at Elevated Pressures of a Silane igniter System for In Situ Coal 
Gasification," Lawrence Livermore National Laboratory, November 15, 1982. 

United States General Accounting Office, "Environmental and Socioeconomic Status of the Hampshire Energy 
Project," October 22, 1982. 

United States Department of the interior, "San Juan Basin Cumulative Overview," Draft, November 1982. 

United States Department of the Interior, "San Juan River Regional Coal Environmental impact Statement," 
November 1982. 

United States Department of the interior, "Savery Coal Environmental Impact Statement," Final. 

Wigmans, Taus, et al, "Nature, Activity and Stability of Active Sites During Alkali Metal Carbonate-Catalyzed 
Gasification Reactions of Coal char,", 1983.
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Wigmans, Taus, et al, "Temperature-Programmed Desorption Stuty of Sodium Carbonate-Containing Activated 
Carbon," Fuel, 1983. 

Yeh, Rick, et al, "Operation and Upgrading of Can-Do Anthracite Gasification Facility," presented at Coal 
Technology '82 Conference, December 7, 1982, Astrohall, Houston, Texas. 

Youngberg, Alv D., et al, "Depositional Environments, Subsurface Stratigraphy, and Post-burn Characterization of 
the Paleocene-Eocene Hanna Formation at the Hanna, Wyoming Underground Coal Gasification site: Hanna III 
Experiment," Laramie Energy Technology Center, January 1983. 

Zaininger Engineering Company, "Benefits to Utility Systems of Coproduction of Methanol and Electricity," Final 
Report, September 1982. 

Coal - Patents 

Borsig GrnBH, Wolfgang de Kehrer and Helmut de Lachmann - Inventors, United States Patent 4,346,758, August 31, 
1982, "Heat Exchanger for Cooling Slag-Containing Gases from Coal Gasification." A tube bundle heat exchanger 
having an additional tube bottom with insertion tubes arranged in the inlet chamber upon the inlet side of the hot 
gases for the tubes located between the tube bottoms of the tube bundle. The additional tube bottom is arranged in 
such a way that both tube bottoms in the inlet chamber define another inlet chamber for colder, slag-free gases, 
which inlet chamber is accessible through an inlet in the shell of the tube bundle heat exchanger. The insertion 
tubes project far into, but not to the end of, the tubes of the tube bundle. The insertion tubes, with the outer tubes, 
form relatively narrow annular spaces suitable for generating high discharge speed. Four spiral formed strips 
respectively located in the annular spaces impart a twist to the gas flow discharging from the annular spaces to 
assure that gas discharging between the insertion tubes and the tubes of the tube bundle remain in flowing contact 
along the inner walls of the tubes. Slag-continaing gas coming from a coal gasification reactor flows through an 
inlet into the inlet chamber of the tube bundle heat exchanger and is cooled off in three regions during flowing 
through the tube bundle heat exchanger whereby temperatures of the cooling-off gas are maintained in such a 
manner that slag is precluded from depositing upon the heat transfer surfaces while the gas is cooling off. 

Exxon Research and Engineering Company, George H. Anderson, Richard F. Bauman, Steve J. Hsia, John W. 
Taunton, and Ken L. Trachte - Inventors, United States Patent 4,347,117, August 31, 1982, "Donor Solvent Coal 
Liquefaction with Bottoms Recycle at Elevated Pressure." An improved process for liquefying solid carbonaceous 
materials wherein increased naphtha yields are achieved by effecting the liquefaction at a pressure within the range 
from about 1,750 to 2,800 psig in the presence of recycled bottoms and a hydrogen-donor solvent containing at least 
0.8 weight percent donatable hydrogen. The liquefaction is accomplished at a temperature within the range from 
about 7000 to about 950°F. The coal:bottoms ratio in the feed to liquefaction will be within the range from about 1:1 
to about 5:1 and the solvent or diluent to total solids ratio will be at least 1.5:1 and prefereably within the range 
from about 1.6:1 to about 3:1. The yield of naphtha boiling range materials increases as the pressure increases but 
generally reaches a maximum at a pressure within the range from about 2,000 to 2,500 psig. 

Chevron Research Company, Arthur J. Dahlberg, Christopher W. Kuehier, and Joel W. Rosenthal - Inventors, United 
States Patent 4,350,582, September 21, 1982, "Two-Stage Coal Liquefaction Process with Process-Derived Solvent." 
Disclosed is a two-stage process for the production of clean liquid hydrocarbons from coal. In the process sub-
divided coal is dissolved in a process-derived solvent. The dissolver effluent is passed through a catalytic reactor 
operating under hydrocracking conditions, to produce normally liquid products and recycle solvent. The solvent is 
further subjected to treatment with an antisolvent to precipitate unconverted asphaltenes prior to recycle to the 
dissolution stage. 

Ruhrkohle AG, Hans de Dohren and Jurgen de Seipenbusch - Inventors, United States Patent 4,352,675, October 5, 
1982, "Coal Gasification Reactor." Disclosed is a reactor for gasifying coal including a vortex burner, helical ribs 
are arranged in the inner combustion gas supplying conduit of the burner to impart a spiral trajectory to the gas and 
also the coal-water suspension which suspension is supplied in the annular space between the inner coonduit and an 
outer concentric conduit. Means are provided for adjustably supporting the ribs inside the inner conduit. In 
addition, other rib supporting arrangements and also burner structure for supplying the coal-water slurry centrally 
are disclosed. 

Standard Oil Company (Indiana), Regis J. Pellet - Inventor, United States Patent 4,353,791, October 12, 1982, 
"i{ydrotreating Catalysts and Liquefaction of Coal." A coal liquefaction hydrotrcating catalyst composition 
comprising particles of component and consisting essentially of at least one group VIB metal component supported 
on refractory inorganic oxide and particles of component B consisting essentially of either cobalt and/or nickel 
component supported on a refractory inorganic oxide. 

Chevron Research Company, Arthur J. Dahlberg and Joel W. Rosenthal - Inventors, United States Patent 4,354,920, 
October 19, 1982, "Coal Liquefaction Process." Disclosed is a two-stage process for the production of liquid 
hydrocarbons from coal. More particularly, disclosed is a two-stage coal liquefaction process wherein subdivided 
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coal is substantially dissolved in a solvent in a first non-catalytic dissolving stage at the temperature in the range 
7500 to 900°F. In a second stage, the mixture of solvent, dissolved coal and insoluble solids is contacted with a 
hydrocracking catalyst at a critical temperature below 800°F. The normally liquid portion of the hydrocracker 
effluent product has a surprisingly low sulfur content of less than 0.1 weight percent, a low nitrogen content of less 
than 0.5 weight percent, and a high API gravity of at least -3. 

Leonard J. Heavin, Edward E. King, and Dennis L. Milliron - Inventors, United States Patent 4,356,078, October 26, 
1982, "Process for Blending Coal with Water Immiscible Liquid." A continuous process for blending coal with a 
water immiscible liquid produces a uniform, pumpable slurry. Pulverized raw feed coal and preferably a coal-
derived, water immiscible liquid are continuously fed to a blending zone (12 and 18) in which coal particles and liquid 
are intimately admixed and advanced in substantially plug flow to form a first slurry, the first slurry is withdrawn 
from the blending zone (12 and 18) and fed to a mixing zone (24) where it is mixed with a hot slurry to form the 
pumpable slurry. A portion of the pumpable slurry is continuously recycled to the blending zone (12 and 18) for 
mixing with the feed coal. 

Chevron Research Company, Arthur J. Dahlberg, Christopher W. Kuehler, and Joel W. Rosenthan - Inventors, United 
States Patent 4,358,359, November 9, 1982, "Two-Stage Coal Liquefaction Process with Process-Derived Solvent 
Having a Low Heptane-Insolubles Content." Disclosed is a two-stage process for the production of clean liquid 
hydrocarbons from coal. In the process subdivided coal is dissolved in a process derived solvent. The dissolver 
effluent is passed through a catalytic reactor operating under hydrocracking conditions, to produce normally liquid 
products and recycle solvent. The solvent is further cooled to precipitate unconverted heptane-Insolubles prior to 
recycle to the dissolution stage. 

Occidental Research Corporation, Swamy Kandaswamy Durai - Inventor, United States Patent 4,359,363, Novem-
ber 16, 1982, "Apparatus for Entrained Coal Pyrolysis." This invention discloses a process and apparatus for 
pyrolyzing particulate coal by heating with a particulate solid heating media in a transport reactor. The invention 
tenth to dampen fluctuations in the now of heating media upstream of the pyrolysis zone, and by so doing forms a 
substantially continuous and substantially uniform annular column of heating media flowing downwardly along the 
inside diameter of the reactor. The invention Is particularly useful for bituminous or agglomerative type coals. 

United States of America Energy department, Charles K. Nagy - Inventor, United States Patent 4,360,361, 
November 23, 1982, "Coal gasification Apparatus." Coal hydrogenation vessel has hydrogen heating passages 
extending vertically through its wall and opening into its interior. 

James E. Junkin and Bruce K. Schmid - Inventors, United States Patent 4,364,818, "Control of Pyrite Addition in 
coal Liquefaction Process." Pyrite addition to a coal liquefaction process (22, 26) is controlled (118) in inverse 
proportion to the calcium content of the feed coal to maximize the C5-900°F (482°C) liquid yield per unit weight of 
pyrite added (110). The pyrite addition is controlled in this manner so as to minimize the amount of pyrite used and 
thus reduce pyrite contribution to the slurry pumping load and disposal problems connected with pyrite produced 
slag. 

Exxon Research and Engineering Company, Ramachandra A. Nadkarni and Rollie B. Williams - Inventors, United 
States Patent 4,365,975, December 28, 1982, "Use of Electromagnetic Radiation to Recover Alkali Metal Consti-
tuents from Coal Conversion Residues." In a coal gasification operation or similar conversion process carried out in 
the presence of an alkali metal-containing catalyst wherein particles containing alkali metal residues are produced. 
Alkali metal constituents are recovered from the particles by treating them with electromagnetic radiation having a 
frequency between about 0.1 and 0.10 MHZ and about 105 MHZ in the presence of water or other aqueous medium. 
During the treatment step, the electromagnetic radiation facilitates the extraction of alkali metal constituents 
from the water-insoluble alkali metal compounds comprising the alkali metal residues. The resultant aqueous 
solution enriched in water-soluble alkali metal constituents is then separated from the particles depleted in alkali 
metal constituents and recycled to the gasification process where the alkali metal constituents serve as at least a 
portion of the alkali metal constituents which comprise the alkali metal-containing catalyst. 

Exxon Research and Engineering Company, Clyde L. Aldridge and Roby Bearden, Jr. - Inventors, United States 
Patent 4,369,106, January 1, 1983, "Coal Liquefaction Process." In a process for catalytically converting coal in a 
diluent wherein the catalyst is prepared in situ in the coal-diluent mixture by converting a metal compound to a 
metal-containing catalyst. The metal compound is added to the coal-diluent mixture in a liquid medium comprising 
at least 30 weight percent of a phenol. 

Mansfield Carbon Products Inc., Vaughn Mansfield, Robert H. Scott, and Charles M. Whitten - Inventors, United 
States Patent 4,372,756, Febuary 8, 1983, "Two-Stage Coal Gasification Process." Coal is processed first through a 
moving bed reactor and then through a fixed bed reactor. Hot carbonized coal char is fed from the first stage 
rector to the second stage reactor via a lock hopper and gas is taken off from the reactors either in separate 
streams or in a common stream.
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Electric Power Research Institute, Conrad J. Kulik and Howard B. Lebowitz - Inventors, United States Patent 
4,372,838, February 8, 1983, "Coal Liquefaction Process." A coal conversion process which produces an increased 
yield of distillable products through an efficient use of hydrogen. Coal is contacted with a liquefaction solvent 
comprised of a process derived light phase residuum and a process derived distillate under liquefaction conditions to 
form a coal conversion product effluent. The effluent is admixed with a process derived hydrogenation residuum to 
supply hydrogen-donors and to cool and stabilize the effluent against regressive reactions. Distluables boiling below 
about 1,000°F then are separated from the combined stream. A portion of the distillables can be recycled for use as 
solvent or hydrogenated and then recycled. The remaining residuum is admixed with a deashing solvent and 
threafter deashed and fractionated under elevated temperature and pressure conditions. The residuum is separated 
to form a light phase residuum which is recycled for use as solvent and a heavy phase residuum suitable for further 
upgrading. the heavy phase residuum is admixed with a process derived hydrogenation distillate and introduced into 
a hydrogenation zone. At least a portion of the heavy phase residuum is hydrogenated for form a hydrogenation 
distillate having a boiling temperature below about 1,000°F. The hydrogenation distillate is recovered as a product 
and a portion is recycled to provide the process derived hydrogenation distillate that is admixed with heavy phase 
residuum. The remainder of the hydrogenated heavy phase residuum is recycled as the process derived 
hydrogenation residuum that is admixed with the liquefaction effluent. 

Kerr-McGee Corporation, Michael R. Brule - Inventor, United States Patent 4,374,015, February 15, 1983, 'Process 
or the Liquefaction of Coal." A process for producing and then separating distillable and substantially non-

distillable coal liquefaction products into various fractions employing a series of extraction solvents. At least one 
fraction comprises a portion of the non-distillable coal liquefaction products and is suitable for use as a coal solvent, 
either with or without additional hydrotreating, in the coal liquefaction process. In one embodiment, the coal 
liquefaction products are contacted with a cascade of extraction solvents, having successively fewer carbon atoms 
in their molecular structure, at elevated temperatures and pressures to separate the products into various fractions. 
In another embodiment the coal liquefaction products are contacted with a cascade of extraction solvents, having an 
increasing number of carbon atoms in their molecular structure, at elevated temperatures and pressures to separate 
the products into various fractions. 

Amax Inc., Henry F. Barry, Calvin J. 1-lallada, Roger F. Sebenik, and George A. Tsigdinos - Inventors, United States 
Patent 4,374,100, February, 15, 1983, "Recovery and Recycle of Molybdenum Values from Coal Liquefaction 
Residue." The residue from a mo-catalyzed coal liquefaction process is treated to recover the molybdenum in a 
form in which the molybdenum can easily be recycled and reused as a catalyst for coal liquefaction. The process 
includes intimately mixing the residue with alkali in excess of the stoichiometric amount required for water-soluble 
molybdate formation, subjecting the mixture to an oxidative roast at about 6000 to 800O for up to about one hour, 
leaching the roasted product with water to extract molybdenum values into solution, and then carrying out a series 
of steps involving acidifying and ammoniating the solution to form a mo-bearing precipitate which is recovered and 
dissolved in aqueous ammonium hydroxide to form a solution which can be applied to coal to catalyze coal 
liquefaction. 

Allis-Chalmers Corporation, Peter G. Garside - Inventor, United States Patent 4,374,650, February 22, 1983, "Ri-
Flow Rotary Kiln Coal Gasification Process." A process is disclosed for gasifying solid coal particles in a rotary kiln 
that produces simultaneously and continuously two distinctly different fuel gas streams from the opposite ends of a 
single kiln. A relatively low temperature gas is discharged from the solids inlet end of the kiln, which contains 
substnatially all tars produced by theprocess. A second of the gas streams is discharged from the solids discharge 
end of the kiln at approximtely 1,900'F and substantially tar-free, heat is recovered from this tar-free gas after 
only a simple cleaning of particulate matter, as may be provided by a cyclone separator. The discharge of gas out 
the solids inlet end of thekiln and the gas discharged out the solids discharge end of the kiln, is adjustably 
proportioned relative to ech other so that at least some high temperature tar-free gas will mix inside the kiln with 
the lower temperture tar-containing as, in an amount sufficient to keep such mixed gases at a temperature high 
enough to avoid the tars condensing on equipment sufaces. Several process parameters are disclosed for adjusting 
the proportion of the gas flows out each end of the kiln to maintain the aforesaid condition of both gas streams. 

Electric Power Research Institute, Malvina Farcasiu, Thomas 0. Mitchell, and Darrell D. Whitehurst - Inventors, 
United States Patent 4,374,725, February 22, 1983, "Process for Coal Liquefaction." In two stage solvent refining of 
coal by mixing comminuted coal with a solvent produced in the process under hydrogen pressure for initial 
solubilization and reacting the mixture under hydrogen pressure in a second stage, the overall process is improved by 
enriching the recycled solvent in hydroaromatic hydrocarbons of fourteen or less carbon atoms. 

International Coal Refining Company, Edwin N. Givens - Inventor, United States Patent 4,376,032, March 8, 1983, 
"Coal Liquefaction Desulfurization Process." In a solvent refined coal liquefaction process, more effective 
desulfurization of the high boiling point components is effected by first stripping the solvent-coal reacted slurry of 
lower boiling point components, particularly including hydrogen sulfide and low molecular weight sulfur compounds, 
and then reacting the slurry with a solid sulfur getter material, such as iron. The sulfur getter compound, with 
reacted sulfur included, is then removed with other solids in the slurry. 
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Norman L. Carr, William C. Moon, and Michael E. Pudich - Inventors, United States Patent 4,317,464, March 22, 
1983, "Coal Liquefaction Process." A C5-900°P (C5-482°C) liquid yield greater than 511 weight percent MAP feed 
coal is obtained in a coal liquefaction process wherein a selected combination of higher hydrogen partial pressure, 
longer slurry residence time and increased recycle ash content of the feed slurry are controlled within defined 
ranges. 

Allis-Chalmers Corporation, Khosrow Farnia and Peter J. Petit - Inventors, United States Patent 4,378,974, April 5, 
1983, "Start-Up method for Coal Gasification Plant." A method is disclosed for initiating operation of a coal 
gasification plant which includes a gasification rector and gas cleansing apparatus fabricted in part form materials 
susceptible to chloride induced stress corrosion cracking the presence of oxygen. The reactor is preheated by 
combusting a stoichiometric mixture of air and fuel to produce an exhaust gas which is then diluted with steam to 
produce product gas which contains essentially no free oxygen. The product gas heats the reactor to a temperature 
profile neessary to maintain autothermic operation of the gasification process while maintaining air oxygen-free 
environment within the plant apparatus while chlorine is liberated from coal being gasified. 

Chevron Research Company, Arthur J. Dahlberg and Joel W. Rosenthal - Inventors, United States Patent 4,379,744, 
April 12, 1983, "Coal Liquefaction Process." This invention is a process for liquefying coal in at least two 
stages,comprising (a) heating a slurry comprising a solid particulate coal, and an externally supplied dispersed 
dissolution catalyst in the presence of hydrogen in a first reaction zone to substantially dissolve the coal and provide 
a first effluent slurry having a normally liquid portion comprising solvent and dissolved coal and containing 
undissolved solids and dispersed dissolution catalyst; and (b) contacting at least a portion of said normally liquid 
portion containing undissolved solids and dispersed dissolution catalyst with hydrogen in a second reaction zone in 
the presence of a second externally supplied hydrogenation catalyst under hydrogenation conditions, including a 
temperature lower than the temperature to which said slurry is heated in step (a), to produce a second effluent 
slurry having a normally liquid portion. Preferably, the dispersed dissolution catalyst in the first hydrogenation zone 
is added as an emulsion of aqueous soluble compounds of transition elements, e.g., from Groups IV-B, V-B, VI-B or 
Group VIII of the periodic table. 

Hydrocrbon Research Inc., Salvatore J. Antieri and Alfred G. Comolli - Inventors, United States Patent 4,381,986, 
May 3, 1983, "Cooling and Solidification of Heavy Hydrocarbon Liquid Streams." A process and apparatus for 
cooling and solidifying a stream of heavy hydrocrbon material normally boiling above about 850°F, such as vacuum 
bottoms material from a coal liquefaction process. The hydrocarbon stream is dropped into a liquid bath, 
prefereably water, which contains a screw conveyor device and the stream is rapidly cooled, solidified, and broken 
therein to form discrete elongated particles. The solid extrudates or prills are then dried separately to remove 
substantially all surface moisture, and passed to further usage. 
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Letters of Intent 

United States Synthetic Fuels Corporation and Alberta Oil 	 5- 1 
Sands Technology and Reseach Authority, Dynalectron Corporation, 
The Ralph M. Parson Company, and Tenneco Oil Company 

United States Synthetic Fuels Corporation and Participants 	 5-16 
in the Cool Water Coal Gasification Program 

Competitive Solicitation for Gulf Province Lignite Gasification 	 5-25 
Projects 

Minerals Management Service - Oil Shale Land Classification Order 	 5-45 
Wyoming No. 1
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