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HIGHLIGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

SPC Makes One Award and Drops Nine Projects 

The United States Synthetic Fuels Corporation (SFC) made a number of 
significant decisions during the second quarter of 1984. First, it awarded a 
price guarantee to the Dow Syngas project. Under the terms of the final 
contract, Dow can receive up to $620 million in price guarantees for medium-
BTU gas to be produced at its proposed coal gasification facility near Baton 
Rouge, Louisiana. The final contract is explained on page 4-8, and the SEC 
letter of intent, which outlines most of the terms of the final contract, is 
reproduced in its entirety in the Appendix of this issue. 

As described on page 4-9, the letter of intent with Great Plains specifies terms 
of a possible price guarantee for the project. The terms allow up to 
$790 million in price guarantee payments for up to 10 years. The other new 
SEC letter of intent provides up to $365 million in price and loan guarantees to 
the Northern Peat Energy Project. See page 4-10 for a summary of the terms 
of the non-binding letter of intent. Both letters of intent are in the Appendix. 

Letters of intent were also authorized, but not signed, for three oil sands/heavy 
oil projects. As summarized in the article on page 3-6, $100 million was set 
aside for the HOP Kern River Commercial Development project, $60 million for 
the Forest Hill heavy oil project, and $543 million for the Kentucky Tar Sands 
project. No oil sands/heavy oil projects have received SEC letters of intent or 
financial awards. 

Nine projects under consideration were dropped by the SEC or were withdrawn 
by the project's sponsors. As summarized on page 1-10, the SFC now has 13 
projects that are being considered for assistance or have received awards. 

Reagan Administration Proposes $9 Billion Cut in SEC Funds 

As explained in the article on page 1-18, President Reagan has transmitted 
proposed legislation to Congress that would cut $9 billion from the SEC's 
present funds of approximately $15 billion. The proposed legislation also calls 
for a "market test" that would prohibit the SEC from awarding assistance to 
projects whose products cost substantially more than competing fuels. The 
proposal, however, leaves the adminstrative structure of the SEC intact. 

CPA Says Only Oil Sands Can Balance Supply/Demand 

Canadian domestic oil supply will fall progressively below domestic demand 
after 1985, according to a new forecast by the Canadian Petroleum Association 
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(CPA). As noted in the article on page 1-42 the CPA does not believe the gap 
can be closed without improved fiscal conditions to provide incentives for oil 
sands, enhanced oil recovery and frontier oil. Only oil sands appear certain to 
be able to supply the capacity needed. 

SIC Board Rendered Incapable of Making Awards 

On April 27, 1984 Victor Thompson's resignation from the SFC Board of 
Directors was announced. Three other Board members had resigned previously. 
Thus, the SFC Board no longer has the four-member quorum that is necessary to 
make project-related decisions. As explained on page 1-17, President Reagan 
may make any further nominations to the Board contingent on his proposed SEC 
funding cut. 

Industry is Still Interested in Synfuels Technology Development 

Although many synthetic fuels projects were cancelled or deferred during 1983, 
industry is still interested in developing synfuels technology. This interest is 
evidenced by comments in many companies' annual reports summarized on 
page 1-2. 

SIC Draft RCS Proposes Learning Pause 

A draft working paper describing the SFC's recommended comprehensive 
strategy (RCS) is summarized on page 1-21. The three options analyzed by the 
SFC include (1) nameplate capacity, (2) diverse production capability, and 
(3) pause for learning. The third option, in some form, will likely be the choice 
that is formally suggested to Congress by the end of June. 

SFC Approves Amendment to Fourth General Solicitation 

The SFC approved an amendment to the Fourth General Solicitation on 
April 26, 1984. The amendment establishes a separate category for gasification 
or liquefaction projects that utilize Eastern bituminous coal. As explained on 
page 1-23, projects that apply to the SFC in this special category must produce 
a minimum of 6,500 barrels of crude oil equivalent per thy. 

Pace Believes Oil Company Mergers May Adversely Affect Synfuels 

A wave of major mergers and acquisitions has recently occurred in the United 
States oil industry. Pace has assessed the possible effects these mergers may 
have on the development of synfuels, and finds many negative impacts. Our 
"food for thought" summary of these impacts begins on page 1-1. 

Canadian Governments Maintain Positive Attitude Toward Synfuels 

Several new oil sands projects have been announced in Canada in recent months, 
while synfuels projects in the United States are being cancelled and deferred. 
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As described on page 1-41, one reason is that both the provincial and federal 
Canadian governments have developed and maintained a postive attitude toward 
synfuels projects, which are viewed as a means of stimulating employment and 
of becoming energy self-sufficient. 

Conoco Forecasts Increasing Oil Imports, Little Synthetic Fuels by 2000 

Conoco's new "World Energy Outlook Through 2000," issued in April 1984 and 
reviewed on page 1-24, exhibits increased pessimism about the ability of the 
United States to supply its domestic petroleum needs, and little optimism about 
synthetic fuels. Conoco now feels that United States oil demand will increase 
slowly, in contrast to its last forecast which predicted static demand. Oil 
imports may increase to 45 percent of demand from the current level of 
26 percent. 

ZSM-5 Catalysis Improvements Show Promise 

Mobil has developed a class of selective synthetic zeolite catalysts referred to 
as ZSM-5 catalysts that are used in conventional refinery processes and in the 
methanol-to-gasoline (MTG) process. Advanced concepts, summarized on 
page 1-35, are being tested to produce distillates and chemicals as well as 
gasoline. These concepts include a fluid-bed MTG process and a two-stage 
F ischer-Tropsch/ZSM-5 process (the MFT process). 

Good Project Cost Estimates Are Needed, But Difficult to Produce 

Recent experience by the Tennessee Valley Authority (TVA) concerning the 
North Alabama Coal-to-Methanol Project have forced the agency to develop 
many cost estimates for the project. These various cost estimates were caused 
in part by pecularities of the synfuels industry. The TVA also found that, due to 
many factors, accurate cost estimates are difficult to generate. See page 1-29 
for a summary of TVA's experience. 

California Evaluates Costs of Electricity Generation 

A biannual report of the California Energy Commission presents the cost of 
producing electricity via 23 different technology/fuel combinations. Hydro-
electric, steam-geothermal, and utility scale wind provide the least expensive 
electricity. Integrated coal gasification combined cycle produces the lowest 
priced electricity of the coal based technologies considered. This report is 
summarized in the article starting on page 1-32. 

Union Describes Shale Oil Upgrading Approach 

Union Oil Company developed a new approach to upgrading shale oil from its 
Parachute Creek Project The process begins with an electrostatic deashing 
step. Considerations which led to the choice of process configuration are 
outlined on page 1-38.
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TREE Process Offers Potential for Improved Efficiency 

The Western Research Institute is developing a technology referred to as the 
Total Resource Energy Extraction (TREE) process which involves utilizing heat 
from underground coal conversion to retort oil shale. Preliminary computer 
modelling and laboratory testing have been conducted. As explained on 
page 2-22, the TREE process may offer improved in situ recovery of hydro-
carbon resources and may possess environmental advantages. 

Oil Shale Environmental Impact and Control 

The United States Environmental Protection Agency's Industrial Environmental 
Research Laboratory presented research results of sulfur gases control from 
field tests at several shale oil sites. Wastewater treatability of retort water 
and gas condensate were studied, and laboratory and field data on raw shale and 
retort oil shale were also presented as detailed further on page 2-35. 

Union Patents Dry Sealing Leg for Use with Unishale "C" Process 

Patent 4,435,271 issued to Union Oil Company of California reveals a design 
concept for a dry sealing leg to connect the Unishale "B" retort to a fluidized 
bed combustor. By avoiding the liquid seal used on the "B" retort, retort shale 
can be ground while hot and fed to the combustor without a loss of energy. The 
patent is reviewed on page 2-24. 

BLM Issues Comprehensive Resource Management Plait for Piceance Basin 

In April 1984 the United States Bureau of Land Management published a draft 
tpiceance Basin Resource Management Plan and Environmental Impact State-
ment." As summarized on page 2-41, the draft analyzes five different 
alternative plans: Current Management, Wildlife Preference, Oil and Gas 
Preference, Oil Shale Preference, and a Preferred Alternative. Comments on 
the assessment are being received until July 27. 

Nitric Oxide Reduction by Spent Shale Studied 

Research at Lawrence Livermore Laboratory indicates that nitric oxide emis-
sions from spent shale combustion can be lowered by proper combustion 
operating conditions. The investigators estimate that spent shale may be 
thousands of times more reactive to nitric oxide reduction than coal char. 
Details are given in the article starting on page 2-34. 

White River Commercial Mine Construction Near Completion 

The White River oil shale project in Utah has been developing their commercial 
mine since 1982. Presently the intake ventilation shaft has been completed and 
the production decline is approximately two-thirds complete. See page 2-8 for 
a description of the mine design and an explanation of the mining techniques 
that are being used.
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Controversial Fish Recovery Plan May Limit Water Rights 

As described in the article on page 2-38, the United States Fish and Wildlife 
Service (FWS) has proposed a controversial plan to study and protect three 
endangered fish species that are found in the Upper Colorado River basin. 
Minimum flow requirements that were specied in a draft of the EWS plan may 
potentially limit private water rights in the region. 

HYTORT May Be More Economical than Paraho for Eastern Shale 

Los Alamos National Laboratory has completed an economic comparison of four 
different retorting processes for Kentucky Sunbury shale. The results, sum-
inarized on page 2-15, indicate a production cost of $48 per barrel for HYTORT 
and $70 per barrel for a Paraho combination-heated process. 

Union Oil's Latest Retort Startup Attempt Thwarted by New Problem 

Union Oil Company's latest attempt to start up the retort at their Parachute 
Creek project encountered a new problem with cooling the spent shale. 
Previous startup attempts were unsuccessful due to problems with the scraper 
at the top of the retort, but the scraper is now apparently operating correctly. 
Fred Hartley's (Chairman and President of Unocal) description of these startup 
attempts is presented on page 2-1. 

Gary Refinery Modified to Process Shale Oil 

The refinery in Fruita, Colorado operated by Gary Refining Company has been 
modified to enable it to process hydrotreated shale oil. Contracts have been 
signed with Union Oil Company to supply the shale oil and with the Air Force to 
purchase refined jet fuel for testing. See the article beginning on page 2-6 for 
a description of the proposed refining scheme. 

Cathedral Bluffs Submits New Detailed Development Plan 

Cathedral Bluffs Shale Oil Company submitted a draft revision of its Detailed 
Development Plan for the C-b tract early this year. The revised plan outlines 
the development proposed with respect to C-b's request for financial assistance 
from the SFC. Assuming that assistance becomes available, the plan foresees 
oil production in 1987. An overview description of the project configuration is 
abstracted from the DDP starting on page 2-2. 

New Projects and Expansions Underway in Canada 

Several new oil sands projects and expansions of existing projects in Canada 
have been announced within the past year. The most recent project, Elk Point, 
is described on page 3-1. The status of several other new projects and 
expansions are briefly summarized on page 3-2. 
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Slant Hole Drilling Preferred for Heavy Oil and Tar Sand Projects 

The drilling of highly deviated holes from a central drill pad is made practical 
with a slant hole drilling rig. Initial hole angles of up to 45 0 have been used at 
the Suncor Fort Kent and Texaco Fort McMurray projects, as described on 
page 3-23. 

Studies Analyze United States Oil Sands Resource 

Lewin and Associates recently published a report that concludes that there are 
53.7 billion barrels of tar sands resource in the United States. As summarized 
on page 3-33, these resources consist of approximately 22 billion barrels in 
major deposits and 31 billion barrels of speculative resources. A study by the 
Rand Corporation summarized on page 3-38, suggests that there is little 
probability of discovering significant new reserves, but that production from 
currently known reserves could increase to twice today's level by 1995. 

Alberta ERCB Prepares New Long-Term Oil Supply Forecast 

The Energy Resources Conservation Board of Alberta revised its long-term oil 
supply forecast last issued in 1981. No significant changes were made to the 
estimated ultimate potentially recoverable reserves, but the expected pace of 
development has been modified. The summary starting on page 3-9 notes that 
oil from conventional sources will decline by 35 percent in the next 10 years, 
but that this can be balanced by increased development of the oil sands 
resource. 

Raw's Leming Pilot Solves Water Reuse Problems 

Reuse of produced water from in situ tar sands recovery projects to produce 
steam solves both a water supply problem and a water discharge problem. Esso 
Canada Resources' successful system at the Leming Pilot at Cold Lake is 
described on page 3-31. 

Vent Gas Emissions for In Situ Tar Sands Projects Should be No Problem 

A review of the vent gas quantities and handling systems at six AOSTRA-
sponsored in situ bitumen recovery projects suggests there should be no major 
environmental concerns with this phase of processing. See page 3-28. 

BLM to Prepare EIS for PR Spring and MIII Creek Special Tar Sand Area 

The United States Bureau of Land Management is beginning to work on an EIS 
to be known as the PR Spring Combined Hydrocarbon Lease Conversion EIS. 
The companies involved and their lease tract locations are given on page 3-7. 
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Petro-Canada Quantifies Canadian Benefits from Oil Sands Mining Development 

Using published estimates for the Syncrude and Alsands projects, Petro-Canada 
arrived at a Canadian content for a large oil sands project. The article on 
page 3-41 concludes that the operating expenditures are considerably more 
significant than capital costs, and that almost all the industrial and employment 
benefits to be derived from such projects will remain in Canada. 

Progress in Downhole Steam Generation Reviewed 

Rockwell International field tested its 15 million BTU per hour downhole steam 
generator at 2,000 feet in the San Ardo heavy oil field. Corrosion of the diesel-
fired generator was minimal and air pollutants produced at neighboring wells 
were minimal. In other developments, researchers at the University of Calgary 
have developed two computer models of downhole steam generators. Reviews 
of these two projects can be found in the article on page 3-17. 

Shell Coal Gasification Process Tested on Lignite 

The 6 tons per day high pressure, entrained flow Shell gasifier in Amsterdam 
was tested on 44 metric tons of Texas lignite. Carbon conversions were in the 
98+ percent range. The pilot plant reactor displayed good performance in 
turndown capability necessary for electric power plant usage. The test results 
are summarized in the article on page 4-33. 

SPC Competitive Solicitation for Eastern Coal Projects Ends Without an Award 

On March 7, 1984 the SFC announced that only one project, Louisiana Synthetic 
Fuels, had applied to the competitive solicitation for Eastern Province and 
Eastern Region of the Interior Province bituminous coal gasification projects. 
The project was subsequently determined to be "non-responsive to the require-
ments of the solicitation" on April 5. Hence, the solicitation ended without 
making an award to any projects. See the article beginning on page 4-11. 

Centralia Partial-Seam CRIP Test Successfully Completed 

A test of the Controlled Retraction Injection Point (CRIP) technology for 
underground coal gasification was successfully completed in November 1983. 
Data from the tests have been analyzed and preliminary conclusions indicate 
the test was very successful. See page 4-2 for a description of the test and a 
summary of the test results. 

Liquid Carbon Dioxide Absorption for Acid Gas Removal Detailed 

Due to the varying composition of acid gas produced from coal gasification, 
current acid gas removal processes are not efficient. The Consolidated Natural 
Gas process was presented as one process that may cope with the problem of 
composition. Liquid carbon dioxide is used as an absorbent for sulfur com-
pounds, and triple point crystallization is used to separate pure carbon dioxide 
from the sulfur compounds. The process is detailed further on page 4-54. 
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Gasification/Fuel Cell Power Plant Shows Favorable Costs 

A recent study conducted for EPRI compared the costs of four options to 
produce 20 to 30 MW(e) of power in a lignite-fired cogeneration plant. As 
described in the article beginning on page 4-21, the study found that the bus-
bar costs for the gasification/fuel cell option and the fluidized bed boiler are 
competitive with a direct-fired boiler. Bus-bar costs for the gasification and 
combustion turbine option were found to be higher. 

MITRE Addresses Scaleup Factors for H-Coal Process 

MITRE Corporation reviewed results from the H-Coal pilot plant to see whether 
changes were indicated for the Breckinridge cost estimate, which was based on 
PDU results. Their analysis, page 4-30, showed that using the pilot plant 
results would have increased the estimated commercial plant cost by an 
insignificant amount, on the order of 2 percent. 

Sub-Bituminous Coals Make Good ITSL Feedstocks 

Recent tests of Wyodak coal in the Lummus process development unit indicate 
that sub-bituminous coals are good feedstocks for the integrated two-stage 
liquefaction (ITSL) process. The results of a nine-month test are summarized in 
the article beginning on page 4-34. 

Long Term Tests Not Detrimental to BEACON Solids 

As described on page 4-40, tests of the BEACON process have shown that the 
performance, of the solid carbonaceous material and catalyst that are used in 
the process is not significantly reduced during long term operation. Over 
600 hours of operation have been conducted in a tandurn reactor test facility. 

Soviet Union Testing Promising Combined Liquefaction/Gasification Process 

The article on page 4-44 summarizes the initial results of Soviet tests of a 
process to produce synthetic fuels from brown coal found in the Kanko-
Achinskii region. The technology combines short-contact time liquefaction 
with gasification of the residue in an integrated process. A pilot plant is now 
being built to develop the process further. 

Output of Lurgi Gasifier Tripled in Developments at SASOL 

Improvements to the Lurgi dry-bottom gasifier during 30 years of operation at 
SASOL are reviewed on page 4-49. The Mark Five model has over three times 
the gas output capacity of the Mark Three models at Sasolburg. 

Fluidized Bed Combustion of Gasifier Waste Acceptable 

The Tennessee Valley Authority has developed a system to utilize gasifier fly 
dust in a circulating fluidized bed boiler. The system converts the dust into 
more environmentally acceptable fly ash and also recovers energy from the 
process. See page 4-51 for a description of the system and the tests that were 
conducted to develop the process.
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CORPORATIONS 

OIL COMPANY MERGERS-GOOD OR BAD FOR 
SYNTHETIC FUELS? 

The wave of major mergers and acquisitions taking 
place in the oil industry has been generating a lot of 
heated argument about the benefits and/or detriments 
to the country as a whole. Leaving aside the larger 
questions with respect to society in general, it seems 
obvious that the future of synthetic fuels will be 
affected in some way. The companies being acquired 
have been some of the largest players in the synthetic 
fuels arena, as shown in the following: 

Synfuel Interests 
Company of Company 

Buyer Acquired Acquired 

Chevron Gulf Shale, Coal, Sands 
DuPont Conoco Shale, Coal 
Mobil Superior Shale 
Occidental Cities Service Shale, Coal, Sands 
Texaco Getty Shale, Diatomite 
U.S. Steel Marathon Shale

These mega-mergers. have prompted Congressional 
hearings and an infinitude of editorial comments. 
Theoretical justifications for these buyouts take the 
reasoning that: 

• Such purchases only occur when the acquired 
company's stock Is undervalued with respect to 
its assets. 

• An undervalued stock indicates poor company 
management, or lack of public confidence in 
company management. 

• Therefore even hostile takeovers result in the 
replacement of inefficient management with 
more efficient management, and an overall 
economic benefit results. 

In response, we might ask "more efficient at what?" 
Obviously the acquiring firm is probably more efficient 
at public financial management. That is, the art of 
managing the bookkeeping and the public relations with 
investors and stockholders in such a way as to encour-
age high stock values. Although this may benefit the 
stockholders, does it benefit the country? 

Consider two companies, A and B. Company A is 
carefully managed by hiring competent technical per-
sonnel and taking on little debt. One of their activities 
includes a 20 year outlook for gradually developing a 
synthetic-fuel resource. At the end of 20 years we 
might expect a real addition to our economic wealth 
due to their continued development efforts. Their 
stock price is so-so, offering only an average return on 
investment. Company B focuses on short-run financial 
results and seeks to expand not by internal growth but 
by buying out companies with undervalued assets. This 
is a highly profitable activity and their stock is highly 
valued. If Company B buys A, strips away the currently

non-productive activities (long-term synthetic fuels 
development) and concentrates on short-term cash 
flow, they will be applauded by Wall Street and their 
stockholders will profit. But at the end of 20 years the 
country will have developed nothing in the way of true 
(i.e., material and technological, not paper) wealth, and 
the country as a whole will be poorer. 

This view is sometimes stated vehemently as in the 
following quote from Y. Tsurumi, writing in the Japan 
Economic JournaL "Nothing wears out the national 
economic fabric more fully than insecure shortsighted 
executives eager to cover up their managerial mistakes 
by robbing other firms. It is the American manager's 
fear of being stalked by other, equally fearful managers 
that leads to his obsession with quarterly earnings per 
share—to the exclusion of all else. One survey showed 
that more than one-half of the top executives of large 
American corporations are fearful of hostile takeovers. 
It is no wonder that few of them have the security to 
plan for the future of their firms. Corporate sharks are 
the modern equivalents of highway robbers." 

Some of the con-merger arguments are that the mas-
sive amounts of borrowing undertaken by the acquiring 
companies creates shortages of credit for other firms, 
drives up interest rates, and reduces the amount of 
money available for exploration, research, and develop- 
ment. Pro-merger spokesmen respond that the total 
amount of money involved in even the mega-mergers is 
a very small fraction of the total credit market, and 
that the money paid to stockholders of the acquired 
company simply comes back into the stock market with 
little delay, without reducing the total equity available 
to the industry. 

Without attempting a detailed analysis, several points 
can be made. It is true that the overall credit markets 
are so large that there should be no influence on 
interest rates. However, it does seem reasonable, as 
argued by Bill Curtis in the Oil and Gas Journal, that 
many banks have a limit on the fraction of total loans 
allowed to the energy sector. This could create pro-
blems for smaller firms attempting to borrow at the 
same banks. 

Although most of the buy out money may eventually 
return to the stock market, it may well not return to 
the energy sector. Is a person who owned stock in 
Getty for years going to take his money and buy Texaco 
stock? Probably not. The publicity over the Getty 
family discussions about what to do with their money 
highlights the point. 

The substitution of debt for equity which occurs when a 
company borrows money to acquire another company 
will, regardless of any claims to the contrary, create 
short-term pressures within the company to cut costs 
and long-term investments. The acquiring management 
is betting the company on continued cash flow and 
stable interest rates until the debt is reduced, often 
with little margin for error. The substitution of debt 
for permanent capital is the opposite of what our 
national investment objectives should be. There are

- 
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few specific examples which can be quoted to show 
what effect this has on synthetic fuels. However, the 
proposed withdrawal of Chevron from the Sunnyside tar 
sands project was attributed (not by Chevron) to an 
investment shortage resulting from the (lull acquisi-
tion. 

Not only will the new management be looking for short-
term ways to cut costs, but where a difference in 
philosophy or approach exists, the investment veto is 
Likely to prevail. That is, when Company A and B are 
separate, either of them could carry a negative view on 
synthetic fuels without influencing the other. Even if 
both companies are pro-synfuels, they will likely have 
different development approaches. After a merger, 
regardless of who acquires whom, the investment veto 
becomes likely, because a united front is necessary to 
pursue long-term investments. 

Over the long-term it seems self-evident that mergers 
will reduce the overall level of activity in synthetic 
fuels. Acquisitions by non-related companies, such as 
DuPont/Conoco and USS/Marathon may have no effect, 
but in the other cases the and result is bound to be a 
single center for synthetic fuels where two existed 
before. Is Chevronlikely to continue with both the 
Chevron process oil shale pilot plant and Gulf's Lurgi 
process oil shale pilot plant? We doubt it, although a 
continued diversity of approach would have benefits to 
the nation. Every consolidation of two oil companies is 
likely to result in an overall reduction in the number of 
personnel devoted to long-term goals such as synthetic 
fuels. Fewer people means fewer ideas and less cross- 
fertilization. Our progress as a nation will therefore be 
slower. 

The pro-merger faction insists that the merged and 
consolidated company will be a stronger financial entity 
and therefore more capable of pushing forward with 
expensive long-term projects. This may be true even-
tually, but almost all synthetic fuel projects have been 
joint ventures, even when the largest companies are 
involved. A reduction in the number of large companies 
reduces the pool of joint venture partners available to 
smaller companies. The major problem with most 
projects applying for aid from the United States Syn-
thetic Fuels Corporation (SFC) has been lack of enough 
equity partners. This situation will undoubtedly worsen. 

A less well recognized aspect of the mergers results 
from the spinoff of "downstream" assets. The Federal 
Trade Commission has traditionally insisted on the 
divestiture of refineries and service stations in overlap-
ping market areas as a condition for approving mergers 
and acquisitions. These divestitures may create a 
number of weak refining and marketing units, unable to 
survive on their own without access to crude reserves. 
The owners of these units will not be large enough to 
consider synthetic fuels, and the cash now associated 
with these operations will no longer be contributing to 
the long-term research and development necessary. 

More insidiously, the FTC actions may result in OPEC 
suppliers buying the refining and retailing assets. At 
the moment there may be few other interested buyers. 
Kuwait, Saudi Arabia, and Venezuela have clearly 
stated intentions in this direction. Ownership of the

downstream facilities would give OPEC an assured 
market for their oil, at a higher value than the crude 
alone. Any profits from these operations would then 
flow back to OPEC and would never become available 
for synthetic fuels investment. 

Acquisitions and mergers merely consolidate existing 
resources In a few companies, thus allowing the com-
panies to "survive" for a longer period of time before 
new resources are needed. Therefore, exploration for 
new resources and development of new technologies 
(such as EOR and synthetic fuels) can be postponed. 
Hence, the short-term effect of acquisitions on energy 
supply is zero and the long-term effect Is likely nega-
tive. 

In summary, merger activity seems to produce the 
following effects-0

 Creates no new energy supplies. 

• Reduces number of companies available for 
joint ventures. 

• Creates independent refining and retailing units 
unable to sponsor synfuels. 

• Diverts downstream profits to OPEC or other 
entitles with no interest in United States pro-
duction. 

• Larger companies not necessarily more effi-
cient in generating new supplies. 

• May reduce funds available in credit markets 
for energy sector. 

• May result in at least short-term shift of equity 
capital to other sectors. 

• Large debts create cost-cutting pressures af-
fecting synfuels development. 

• Consolidation of staffs reduces total manpower 
and creativity devoted to synfuels. 

• Veto power reduces diversity of approaches and 
projects which will be considered. 

On balance, Pace finds that mega-mergers will create 
few, if any positive benefits for the development of 
synthetic fuels. On the contrary, some distinct detri- 
mental factors can be clearly perceived. At a time 
when synthetic fuels development needs a positive 
stimulus, the merger trend is something the United 
States synfuels industry can do without. 

ANNUAL REPORTS INDICATE CONTINUED 
INDUSTRY INTEREST IN SYNFUELS 
TECHNOLOGY DEVELOPMENT 

The decline in industry support of commercial synthetic 
fuels projects that began in 1982 continued during 1983. 
Many projects were slowed, deferred, or cancelled 
primarily due to economic considerations. Several 
forces contributed to the downturn in the synthetic 
fuels industry. First, the drop in conventional energy 
prices reduced the near-term prices that could be 
realistically expected for synthetic fuels. Second, the 
worldwide recession reduced many companies' revenues, 
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thus reducing their capability of funding major capital 
expenditures. Third, the large United States federal 
deficit forced interest rates to remain high, thereby 
limiting the availability of financing large projects. 

Pace has acquired 1983 annual reports from a group of 
very diverse companies involved in synthetic fuels. The 
following excerpts from these annual reports indicate 
continued industry interest in synthetic fuels techno-
logy development. However, many companies have 
"gone back to the drawing board" and have resorted to 
laboratory or pilot plant studies rather than commer-
cial-scale projects. 

The excerpts are direct quotations from 1983 annual 
reports. Additional annual reports will be reviewed in 
the September 1984 issue of the Pace Synthetic Fuels 
Report. 

ALLIS-CHALMERS CORPORATION 

A KILnGAS System Report 

Construction of the KILnGAS Commercial Module 
(I{CM) at Illinois Power Company's Wood River Gener-
ating Station in East Alton, Illinois was basically com-
pleted in 1983; a series of successful test runs was 
initiated in June. In those test runs, the plant produced 
a clean, low-BTU fuel gas from high-sulfur Illinois No. 6 
coal. This gas is burned in a 50 megawatt electric 
generating unit at the adjacent Wood River Station. 

To date, no significant technical problems have been 
encountered. The product gas heating value and the 
sulfur removal efficiency are as anticipated, and the 
plant's wastewater has been treated successfully by the 
local municipal treatment plant. 

Following performance tests, a set of formal demon-
stration runs will be conducted using Illinois No. 6 coal 
and an Eastern high-sulfur coal. In these runs, sche-
duled for 1984, the plant will function under actual 
electric utility operating conditions, following the Wood 
River Station's load demand variations as they occur. 
Data gained from these tests will enable Allis-Chalmers 
to market commercial KILnGAS systems capable of 
fueling 200 to 500 megawatt generating units from a 
single gasifier. 

The next step in the program will be to expand operat-
ing experience by using the KCM in an integrated 
gasification-combned cycle plant to fuel a combustion 
turbine; such a turbine is a high performance power 
generating system developed from the jet aircraft en-
gine. In a combined cycle plant, fuel is burned in the 
turbine to power an electric generator, after which the 
hot exhaust produces steam for use in a turbine-
generator or elsewhere in the operation. This efficient 
technology offers the electric utility market a flexible, 
cost-effective alternative for new generating additions. 

The KCM experience continues to establish that the 
KILnGAS process is sound both economically and envi-
ronmentally. Low-BTU gas made from coal on a large 
scale is expected to be competitive with today's crude 
oil prices. Therefore, as United States electricity

consumption increases with economic improvement, the 
market potential of the KILnGAS system 
improves-.-both as a source of alternate fuel for oil-
and natural gas-fired steam boilers and as a fuel 
processor for additional or replacement capacity com-
bined cycle electric power plants. 

In addition, using abundant, lower cost, high-sulfur 
coals, the KILnGAS system, with the inherently lower 
nitrogen oxide formation of low-BTU gas, is capable of 
meeting stringent environmental constraints. The KCM 
is one of the only three coal gasification plants ex-
pected to be operating in the United States over the 
next several years, and it is the only one producing low-
BTU gas made from these coals. 

AMERICAN NATURAL RESOURCES COMPANY 

Great Plains 

The Great Plains Coal Gasification Project, the nation's 
first commercial-size synthetic fuels plant, was 96 per-
cent complete at year's end, and we are now confident 
that it will be finished within its $2.1 billion budget. 

We take some pride in this achievement because ANR is 
not only part owner of the plant but a subsidiary serves 
also as the construction administrator. 

But while all circumstances within our control went 
well, outside events, namely the worldwide drop in oil 
prices, have generated financial risks that the partner 
companies in the project cannot bear alone. 

Under a formula approved by the Federal Energy Regu-
latory Commission, the price of the substitute natural 
gas to be produced will be tied to oil prices in the early 
years and to domestic deregulated natural gas in the 
later years. 

In the past two years, energy price forecasts have 
fallen to the point where the project could be subject to 
substantial book and cash losses well into the 1990s. 

In view of the project's importance to the nation, the 
United States Synthetic Fuels Corporation, a quasi-
governmental agency established to foster synfuels 
development, has agreed to negotiate with the Great 
Plains partners toward price support guarantees during 
the early years of operation in return for potential 
revenue sharing during later profitable years. 

Under this plan, the government's total commitment to 
the plant would not exceed current levels because the 
price support payments would be limited to the unused 
portion of the project's federally-guaranteed loan as 
determined from time to time. 

The negotiations are now underway. 

The partners have indicated that they will have to 
seriously consider abandonment if the partnership is 
unable to obtain assistance to mitigate the risk of lower 
energy prices. At December 31, 1983 AN  had in-
vested $78 million (giving affect to tax benefits avail-
able in the event of abandonment) in Great Plains and

- 
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through the end of 1983 had recorded income tax 
credits from the project, subject to repayment to the 
government, aggregating $42 million. 

DOW CHEMICAL COMPANY 

Dow Signs Letter of Intent on 
Coal Gasification Project 

Dow and the United States Synthetic Fuels Corporation 
recently signed a letter of intent to proceed with a 
major coal gasification project at Dow's Louisiana Divi-
sion. A formal contract will be signed following 
approval by the boards of directors of both parties. 

Under the terms of the tentative agreement, Dow will 
build, own, and operate a plant to produce medium-BTU 
gas from sub-bituminous coal or other low-rank coals. 
The plant will have a capacity of 30 billion BTUs of gas 
per day, the energy equivalent of 5,172 barrels of oil. 

Dow's commitments in the proposed project, Including 
related facilities, will exceed $325 million. The letter 
of intent provides for the United States Synthetic Fuels 
Corporation to grant Dow price guarantees as part of 
its effort to aid energy projects which are deemed to be 
in the national interest. 

Dow's involvement in coal gasification dates back to 
the early 1970s, when Dow launched a research project 
for developing gasification technology. The Company 
has since built and operated both pilot and prototype 
plants at Plaquemine, Louisiana. 

The Plaquemine plant is expected to demonstrate the 
feasibility of Dow's coal gasification technology on a 
commercial basis, paving the way for many additional 
plants in various industries. One aim of the project is 
to enhance United States energy independence through 
the use of coal, the country's most abundant energy 
resource. 

DYNALECTRON CORPORATION 

The Company's processes, technology, and engineering 
"know-how" are, to some extent, oriented to special 
market niches which will become increasingly impor-
tant in future years in the petroleum/chemical proces-
sing and synthetic fuels industries, as well as other 
commercial processing industries. For example, some 
of the processes which are comercially available 
through the Company were developed specifically to 
upgrade heavy, high-sulfur or high-metals contaminated 
crudes or residual oils. 

Unfortunately, the worlds finite supply of light, 
"sweet" crudes is being continuously depleted despite 
energy conservation measures and the worldwide reces-
sion. In order to upgrade the heavy, high-contaminate 
oils into environmentally acceptable and marketable 
products, many refineries must be modified and up-
graded. Over the past two years or so, the worldwide 
"oil glut" has delayed refinery modernization and dis-
guised this need to the general public. It has also 
destroyed the thrust of the United States synthetic

fuels program, a fact that may well create renewed 
energy disruptions for our nation within the next few 
years. During 1983, the available workload in this 
segment primarily consisted of laboratory services for 
commercial clients and a coal liquefaction test program 
under contract from the United States Department of 
Energy. Revenues from this segment totaled $5.5 mil-
lion during 1983, down from $12.5 million the prior 
year. 

ELECTRIC POWER RESEARCH INSTITUTE 

The first price guarantee agreement under the United 
States Synthetic Fuels Corporation program was exe-
cuted In favor of the Cool Water demonstration power 
plant project. Up to $120 million will be paid by the 
federal government over a five-year period if electri-
city revenues to Southern California Edison Company 
(at state-regulated rates) do not cover operating costs 
of the 100 megawatts plant. Being built under EPRI 
and other private industry auspices, the plant integrates 
a coal gasifier with combined-cycle power generating 
units. Startup is scheduled for May 1984. 

For coal to continue as a mainstay fuel for electric 
power generation amid environmental concerns, in-
creased emphasis is needed on new technology to allow 
it to be burned cleanly and efficiently. One strong 
candidate is the gasification-combined-cycle (CCC) 
plant. With this technology, coal is chemically con-
verted to gas, which is cooled, largely cleaned of 
pollutants, and than fired in a combustion turbine to 
produce electricity; by-product heat is exploited to 
make steam for generating still more power. An 
unprecedented partnership involving EPRI, industrial 
suppliers, contractors, process developers, and domestic 
and foreign utilities will culminate a five-year, 
$300 million cooperative R & D effort this summer with 
startup of a full-scale CCC power plant demonstration. 
The 100 megawatt plant, nearing completion at South-
ern California Edison Company's Cool Water generating 
station, will meet the nation's strictest emissions stan-
dards. Besides its environmental appeal, GCC techno-
logy promises the benefits of modularity, with shop 
fabrication of major components and shorter construc- 
tion lead times, as well as high plant availability. 

FLUOR CORPORATION 

The synfuels industry is an important target market for 
Fluor. The United States Synthetic Fuels Corporation's 
(SFC) announced intention to provide loan guarantees 
and product subsidies assures that some large synfuels 
projects will be built in the United States. Interest in 
synfuels continues in nations where the development of 
alternate energy resources is regarded as a national 
security issue. 

While development of synthetic fuels in the United 
States lost momentum as oil prices declined, encourag-
ing developments have occurred. Late in 1983, the SEC 
granted a favorable price guarantee to one developer to 
convert shale rock into oil in Colorado. The SFC is 
looking at other programs and is committed to produc-
tion of new domestic fuels to replace foreign imports. 
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January to cover our fiscal 1984 research and develop-
ment activities. 

The government has earmarked $10 billion for this 
effort in 1984. 

Fluor recently completed engineering and construction 
on first-phase facilities for an oil-shale project at 
Parachute Creek, Colorado. 

There is continued interest in synfuels overseas as well, 
primarily in South Africa, Australia, and South Amer-
ica. 

GEOLUNETIGS 

Our activities during 1983 were concentrated in three 
areas: 

• Continuing research and development work at 
Kamp Kerogen on our LOFRECO in situ process 
under an ongoing contract with the United 
States Department of Energy (DOE). 

• Fulfilling a contract with the Department of 
Defense (001)) to produce military jet fuel 
from shale oil. 

• Engineering our Seep Ridge Project, and nego-
tiating with the SEC for financial support for 
the project. 

The 1983 DOE contract advanced our LOFRECO tech-
nology significantly. Two full size retorts, each two 
acres in size, were equipped and ignited, and the 
experience gained in the simultaneous operation of the 
two retorts will be of vital importance in the operation 
of our first commercial size operation, the Seep Ridge 
Project. Shale oil produced from operating these 
retorts could be a significant source of income in fiscal 
year 1984. 

The DOD contract to produce military jet fuel has been 
successfully completed. Twenty-eight thousand barrels 
of jet fuel were delivered to various Air Force installa-
tions for use in ground tests of high performance 
engines and in flight tests. 

On December t, 1983 the SFC announced the authoriza- 
tion of a letter of intent which will form the basis of a 
binding contract for our Seep Ridge Project. The SFC 
contract will enable us to operate a commercial size 
LOFRECO plant for an extended period independent of 
the market price of oil. 

The Company showed a profit of $158,000 for the year, 
compared to a loss of $43,000 in 1982. Total revenues 
were $9,835,000 compared to $4,066,000 in the prior 
year. The increase in total revenues was largely due to 
revenue from our jet fuel contract with the DOD. 
Income from shale oil sales was $769,000 up from 
$141,000 in 1982. A total of 25,614 barrels of crude oil 
was sold, essentially all to the DOD. 

Our financial conditions remained strong, with current 
assets of $3,643,000 against current liabilities of 
$1,157,000. Cash and equivalents were $2,392,000. 

DOE funds for our 1984 LOFRECO program, in the 
amount of $1,350,000 have been appropriated by Con-
gress, and we expect to sign a contract with the DOE in

Despite the depressed conditions in the oil industry, 
Geokinetics remains in a strong position. We are 
completing our 8 year program to develop the 
LOFRECO process. Our resource base is increasing, 
our financial position is strong, and the Seep Ridge 
Project could provide an ongoing source of revenue for 
10 years. Within that period, we expect the price of oil 
to increase to a level where we can operate our 
LOFRECO process without government assistance. At 
that time, we could expand rapidly and establish a 
number of producing operations on our extensive lease-
holdings. 

GULF CANADA LIMITED 

Crude oil production rose 10 percent to 77,000 barrels 
per day including a one-third boost in production from 
Gulf Canada's 9 percent interest in the Syncrude oil 
sands project in Alberta. 

Evaluation of fire-flooding technology continued at the 
Company's Pelican Lake in situ oil sands project in 
northeastern Alberta. 

A 50 percent expansion of the Edmonton refinery in 
Alberta was completed in 1983 at a cost of $220 ,nil-
lion. This is the first facility specifically designed to 
process synthetic crude from Alberta's tar sands. With 
a capacity of 121,000 barrels per day, it is now the 
largest refinery in the Gulf Canada system. 

HUSKY OIL LTD. 

In additon to the complex EOR techniques required to 
produce heavy oil, there is still a major problem that 
prevents the true potential of this petroleum resource 
from being fully realized; the heavy oil is unsuitable for 
processing in a conventional refinery into high-value 
fuels such as gasoline or diesel. For this, it is necessary 
to convert or "upgrade" the heavy oil into a synthetic 
crude which can then be processed in domestic conven-
tional refineries. We are already in the advanced 
planning stages of an upgrader facility for this purpose, 
known as the Ui-Provincial Project. 

As planned, the upgrader would have a capacity to 
process approximately 50,000 barrels (8,000 cubic 
meters) of heavy oil feedstock per day. This project 
would be the first major heavy oil project in Canada 
combining in situ production and processing. The 
processed synthetic crude would be sent to refineries in 
various areas of Canada. 

The proposal for the Ui-Provincial Project is presently 
being considered by the governments of Canada, 
Alberta, and Saskatchewan and a decision is expected in 
1984. 

INTERNORTH, INC. 

Northern Plains Natural Gas Company 

Northern Plains is seeking additional supplies of natural 
gas for transportation through the Northern Border 
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system. In September 1983, Northern Border began 
delivery of 1 million cubic feet per thy through a 
lateral pipeline to the Great Plains Coal Gasification 
Plant in North Dakota for start-up operations. North-
ern Border will transport up to 137 million cubic feet 
per day of synthetic gas when the plant begins opera-
tion in 1984. Other potential sources of natural gas for 
transportation through the Northern Border system in-
clude additional supplies from Canada, Alaska, North 
Dakota, and Montana. 

Northern Plains is operating and maintaining the lateral 
pipeline owned by the Great Plains' Coal Gasification 
Associates, its first management services contract 
other than the Northern Border Pipeline. 

MIDCON CORPORATION 

On January 29, 1982 the Company and two of its 
subsidiary companies, Natural and MNC Coal together 
with members of three other non-affiliated corporate 
systems, executed agreements with the United States 
Department of Energy (DOE), which resulted in the 
issuance by DOE of a $2.02 billion loan guarantee for 
the construction of a commercial scale coal gasifica-
tion project (125 million cubic feet per thy high-BTU 
synthetic natural gas average daily capacity) in Mercer 
County, North Dakota (the Project). 

The Project, as now constituted, is being constructed 
and will be operated by Great Plains Gasification 
Associates, which is presently a partnership of five 
companies, in which MNC Coal has a 15 percent inter-
est (the Partnership). The four other partner companies 
are affiliates of other major pipelines or gas distribu-
tion companies. 

The partners will provide 25 percent of project con-
struction costs in the form of equity investments; the 
remaining 75 percent will be raised by the partnership 
through the issuance of up to $2.02 billion in debt 
guaranteed by DOE. MNC Coal has agreed to invest up 
to $111 million as its share of construction costs. MNC 
Coal has agreed to certain limitations on its rights to 
withdraw from the Project, as did the other participat-
ing companies. As of December 31, 1983 the Com-
pany's investment in the Project totalled approximately 
$73.8 million including $9.3 million of capitalized inter-
est, $5.4 million in 1983 and an additional $1.5 million 
for the three months ended December 31, 1983. 
Through December 31, 1983 the Company has recorded 
tax credits from the Project in income, subject to 
possible recapture, amounting to $17.1 million. Of this 
amount $11.7 million was recorded in 1983 and an 
additional $3.1 million in the three months ended De-
cember 31, 1983. 

The output of the gasification plant will be purchased 
by Natural (which has agreed to purchase 20 percent of 
the output) and by three other major pipelies, based on 
a pricing formula established in 1981 by the FERC. 
Under the formula, the price of the output is subject to 
certain ceilings. One of the price ceilings which is 
applicable during the first ten years of operations,

along with certain others during the second five years, 
is the price of No. 2 fuel oil. 

Under the terms of a final and non-appealable FERC 
order issued in 1981, the pipeline affiliates of the 
Putnam were granted authority to recover the cost of 
the gas purchased from the Partnership on a roiled-in 
basis in their jurisdictional rates through tracking pro-
visions in their respective FEIIC Gas Tariffs. The 
Partnership would bear the equity risk due to potential 
lack of, or reduced, profitability; abandonment of the 
Project either before or after completion of construc-
tion; or gas production at less than design throughput. 

Under the above mentioned agreements with DOE, any 
combination of partnex holding 45 percent or more of 
partnership interest in the Partnership have the right to 
terminate participation under certain conditions. If any 
partner believes a condition exists which would permit 
it to vote to terminate, it must promptly notify the 
Secretary of Energy. Due to the recent decline in the 
price of No. 2 fuel oil, which places into question 
original revenue estimates, MNC Coal, as well as each 
of the other partners, has given formal notice to DOE 
of the existence of a condition which would permit it to 
vote to terminate its participation in the Project. 
However, to the Company's best knowledge, no partner, 
to date, has taken steps to exercise any right to 
terminate participation or restrict equity investments, 
and DOE has continued to authorize disbursements of 
guaranteed debt. The partners have commenced discus-
sions with DOE and have approached the United States 
Synthetic Fuels Corporation (SFC) regarding additional 
financial assistance for the Project. The Company is 
hopeful that an agreement with certain agencies of the 
federal government will permit completion and opera-
tion of the facility. 

On November 18, 1983 the Partnership sent a notice to 
the DOE stating that, as the Partnership had received 
no assurance of financial assistance from the SFC for 
the Project, determination by the Partners to terminate 
participation in the Project is being considered serious-
ly by the Partnership. 

In separate letters, on November 18, 1983 each Partner 
advised the DOE that conditions existed which would 
permit it to vote to terminate its participation in the 
Project. 

On January 27, 1984 the Partnership filed a proposal 
with the SEC seeking financial aid for the Project. This 
filing was made in response to an SEC general solicita-
tion, issued January 5, 1984 under which coal or lignite 
gasification projects, including the Partnership's Pro-
ject, can seek financial aid. 

MORRISON-KNUDSEN 

Two engineering contracts in the international field 
were signed, one for the development of oil shale in 
Morocco and the other for phosphate development in 
Tunisia. 
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NORCEN 

Revenue from Noreen's oil sands lease, after payment 
of federal production taxes, increased by 46 percent to 
$28.6 million from $19.6 million in 1982. Noreen's 
revenue is derived from a royalty on sales of synthetic 
crude oil processed from the mineable sands on the 
lease. Total plant production averaged 47,400 barrels 
per day, compared with 34,300 barrels per day in 1982. 

Production of heavy oil reached 2,751 barrels per day in 
1983, compared with 2,626 barrels per day in 1982. The 
increase resulted primarily from a full year's operation 
of the Bodo fireflood expansion project, and other, 
newly-drilled wells, offsetting the decline in older 
fields. In addition, heavy oil marketing in 1983 was 
characterized by a strong demand by United States 
refiners, complemented by improved export licensing 
procedures. 

Noreen owns a 25 percent undivided interest in Bitum-
inous Sands Lease No. 86 ("Lease 86") which covers 
4,522 acres located near Fort McMurray, Alberta. Sun-
cor Inc. ("Succor"), which owns the other 75 percent 
undivided interest, operates an extraction plant which 
produces synthetic crude oil from bituminous sands 
mined in and around the property covered by Lease 86. 
Substantially all of Suncor's oil sands production comes 
from Lease 86. 

The initial term of Lease 86 expires in 1987 and is 
renewable for 21 year terms as long as the leased lands 
are capable of commercial production. Under the 
terms of an agreement with Suneor, Noreen is entitled 
to receive a basic royalty of 2.5 cents per barrel of 
bitumen extracted from the leased lands plus an addi-
tional royalty of 6.25 percent of the amount by which 
the price of synthetic crude oil exceeds $2.75 per 
barrel, which will be reduced to $2.60 per barrel if and 
when accumulated cash flow from the project equals 
60 percent of the total initial investment. The royalty 
rate will increase to a maximum of 9.375 percent if and 
when the accumulated cash flow equals 100 percent of 
the total initial investment and when certain other 
conditions have been met. The amounts of accumulated 
cash flow and initial investment have yet to be deter-
mined. 

In 1981, the nominal capacity of the plant was 
increased from 45,000 barrels of synthetic crude per 
day to 58,000 barrels per day. However, problems in 
the installation of the new equipment together with 
start-up problems resulted in the plant being unable to 
achieve its full capacity during 1981. On January 20, 
1982 a fire seriously damaged the upgrading facilities 
of Suncor's plant. Production of a lower grade unre-
fined crude continued to August 1982. This crude, 
which has a lower value than fully refined product, was 
sold to United States refineries under temporary special 
export permits. In August 1982 production of fully 
refined synthetic crude recommenced and reached the 
expanded plant design capacity only briefly in Decem-
ber 1982. Operating problems continued such that 
production approached plant design capacity in only 
three calendar months during 1983. 

Noreen's royalty income, although adversely affected

by the event of January 1982 was covered under a 
business interruption loss insurance policy subject to a 
30 day deductible period. Noreen is presently negotiat-
ing with its insurers to determine the amount of this 
loss together with a further claim arising from turbo 
generator failures in July 1981. 

Under an April 1979 agreement with the federal gov-
ernment, synthetic crude produced by Suncor was sold 
at the price of imported crude landed in Montreal. The 
National Energy Program reduced the price allowed for 
synthetic crude produced after October 28, 1980 to that 
of conventional crude with provision for the additional 
production from the plant expansion to be given the oil 
sands reference price (effectively the international 
price). This arrangement was modified by the Energy 
Pricing Agreement between the federal government and 
the province of Alberta which gave NORP pricing to 
100 percent of Suncor's synthetic oil production, effec-
tive January 1, 1982. The agreement further provided 
that 75 percent of the production and royalty revenues 
from the plant would be subject to the Incremental Oil 
Revenue Tax ("baT"). In a further change to tax 
legislation, the percentage of production and royalty 
revenues subject to IORT Was decreased to 65 percent 
effective August 1, 1982. 

During 1982, a dispute developed over the amount of 
the royalty payable to Noreen by Suncor. Noreen 
accrues in its financial statements the amount which it 
believes it is entitled to receive under the royalty 
agreement. 

THE NORTH AMERICAN COAL CORPORATION 

Starting this spring, Coteau also will supply lignite to 
the first commercial coal gasification plant in the 
United States, an enormous project being developed and 
built by the Great Plains Gasification Associates adja-
cent to the Freedom Mine. The plant will use the 
proven Lurgi process to convert lignite into synthetic 
methane gas, which will then be moved through trans-
mission lines to major markets in the upper Midwest. 

Financing of the Great Plains Project has been a major 
subject of the national media. The Great Plains' 
partners recently have begun negotiations with the 
United States Synthetic Fuels Corporation for the pur-
pose of obtaining additional assistance in the form of 
federal price supports to help offset declining energy 
prices. The Project has gained wide support, including 
that of the present Administration, because of its 
potential contribution to our nation's energy indepen-
dence. 

PACIFIC LIGHTING CORPORATION 

Another venture—our financial participation in the 
Great Plains Coal Gasification plant—was helped when, 
in the final weeks of 1983, the federally funded United 
States Synthetic Fuel Corporation issued a solicitation 
enabling us to apply for federal price guarantees for the 
plant. Great Plains submitted its application in January 
1984. 
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The Great Plains plant, under construction in North 
Dakota, would be the first United States commercial 
high-BTU coal gas plant. 

As one of the five project sponsors, we own 10 percent 
of the plant.We joined the project because we believe 
coal gas will be an important source of energy in the 
late 1990s and because the project appeared to be 
attractive financially. We will not buy gas from the 
plant. When the world price of oil dropped, the project 
sponsors determined that, without federal price sup-
port, the plant might have to be abandoned. Any such 
abandonment could materially reduce 1984 earnings. 

Construction of the plant is more than 90 percent 
completed and is under budget. If completed, it is 
expected to be in full operation late in 1984. We are 
committed to provide equity capital of $57 million to 
the venture, based on current cost estimates. 

PAN CANADIAN PETROLEUM LIMITED 

A major capital investment program designed to raise 
the Syncrude plant capacity by approximately 
20,000 barrels per day was initiated as a result of an 
agreement between the government of Alberta and the 
Syncrude participants. Dependent upon the level of 
capital expenditures incurred each year, the govern- 
ment will defer a portion of its royalties from the 
Syncrude project over a five year period. This royalty 
arrangement provided the economic stimulus needed for 
the proposed capital program. 

The Synerude oil sands plant operated at close to design 
capacity for most the year and the year's production 
surpassed 40 million barrels. Royalty deferrals allowed 
under an agreement reached with the Government of 
Alberta resulted in improved economics allowing Syn-
crude to embark on a five year plant expansion pro-
gram. PanCanadian's net average production increased 
to 3,692 barrels per day in 1983, compared to 2,827 bar-
rels per day in 1982. 

SASKOIL 

Saskoil has played a major role in the upgrading busi-
ness. The Corporation's activities included a 25 percent 
interest in the Plains Upgrader Project, preliminary 
discussions with Consumers' Co-operative Refineries 
Ltd., of Regina on the concept of switching its feed-
stock to Saskatchewan crudes and in-house work on 
several other upgrading concepts. 

In early 1983, Saskoil concluded that the Corporation's 
financial circumstances and the windup of the Plains 
Upgrader Consortium precluded a continued high level 
of effort directed toward the upgrading business. Sask-
oil was not involved in any upgrading projects at year 
end but will continue to monitor developments and their 
possible impact on the Corporation's future.

SHELL CANADA LIMITED 

Peace River In Situ Project 

The Peace River in situ project completed its fourth 
year of operations in 1983, achieving a peak production 
rate of 410 cubic metres per thy. The operating 
performance continues to be very encouraging and Shell 
is preparing an application to the Alberta Energy Re-
sources Conservation Board (AERCB) to expand produc-
tion to 1,600 cubic metres per day by 1986. This is 
consistent with Shell's longer-term plans to expand 
Peace River's production to about 6,400 cubic metres 
daily in the early 1990. 

Scotford Project on Schedule 

In developing long-term strategy, Shell is strengthening 
its position in Western Canada in anticipation of recov-
ery and growth in that market. A key investment 
related to this strategy is the $1.4 billion refinery and 
petrochemical complex at Seotford, Alberta. Construc-
tion is proceeding within budget for a scheduled start-
up in the third quarter 1984. 

Scotford will provide Shell with a significant manufac-
turing cost advantage over competitors because it will 
process exclusively synthetic crude from Alberta's oil 
sands, producing higher yields of marketable light oil 
products than conventional refineries. With an initial 
capacity of 8,000 cubic metres per day, it will produce 
a variety of products, mostly transportation fuels, as 
well as feedstock for Shell's nearby styrene plant. Up 
to 3,000 people have been employed on the construction 
project and recruitment programs were begun in mid-
1983 to hire and train the operating workforce. 

Corporate 

In promoting a strong domestic research and develop-
ment capability, the $21 million Calgary Research Cen- 
tre was officially opened in June 1983. The facility, 
employing about 100 people, develops technologies to 
improve the exploration and production of hydrocar-
bons, enhanced oil recovery techniques and methods for 
in situ extraction of oil sands. Research is also carried 
out on conventional exploration and development tech-
niques and on safety improvements to materials, equip-
ment, and procedures. 

Work at the Calgary Research Centre complements 
activities by the 130 people at Shell's Oakville Research 
Centre. One of Oakville's key activities is research on 
technologies to improve the commercial viability of 
heavy oil and oil sands reserves. 

SIGNAL COMPANIES, THE 

The Signal UOP Research Center, one of the world's 
foremost industrial laboratories, expanded its scope of 
activity to include basic research for all entities within 
the Signal organization. Under a grant from the United 
States Department of Energy, the Center is using 
nuclear magnetic resonance techniques to study the 
role of zeolite catalysts in fuel processing. Zeolites are 
currently used in hydrocracking and fluid catalytic 
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cracking of petroleum, and zeolite catalysts will have a 
major role in the upgrading of coal liquids. 

Recognizing the current oversupply of crude oil and 
natural gas, Signal is selectively developing certain 
alternative-energy projects that hold promise in the 
changing market for fuels. A transitional stage in the 
emergence of a synthetic-fuels industry may be the 
production of methanol from natural gas. Blended with 
gasoline, methanol is expected to become economical 
by the mid-1980s, provided it is produced where indige-
nous supplies of natural gas are plentiful. Such use of 
natural gas could be more profitable than liquefying it 
to make TANG. Signal is planning to design, build, own, 
and operate a gas-to-methanol project abroad and to 
market the methanol in the United States. 

STANDARD OIL COMPANY OF CALIFORNIA 
(Chevron) 

In the past two years it has become increasingly evident 
that many promising forms of alternate energy will not 
be economic to develop—or even needed—for some 
time. It is prudent, nevertheless, to continue with long-
range research. Thus, during 1983 we continued work 
on developing alternate energy technology and improv-
ing the Company's proprietary oil shale retort process. 

During 1983 a contract was awarded for the mining of 
shale from the jointly owned Clear Creek, Colorado 
properties. 

STANDARD OIL COMPANY (INDIANA) 

Current coal liquefaction processes using severe temp-
erature and pressure conditions have not proved econo-
mically attractive. Our scientists have demonstrated 
that the selective breaking of only a few chemical 
bonds under mild conditions causes a dramatic increase 
in yields. The process may lead to coal liquefaction 
technology that is cost-effective. 

UNION 76 

A bitumen, or very heavy oil, pilot research project 
operated by Union in northeastern Alberta continued to 
show encouraging results. Union and its partners are 
studying the possibility of expanding this steam injec-
tion project to a production rate of 5,000 barrels per 
day by the end of 1985. 

Union Energy Mining Division 

The company completed construction of the $640 mil-
lion, 10,000 barrels per day shale oil project in western 
Colorado essentially on schedule and began equipment 
testing and start-up activities. 

Union's project includes an underground room and pillar 
mine, a retort designed to process 12,500 tons of shale 
ore per day and an upgrading facility to convert raw 
shale oil generated in the retort into high quality 
synthetic crude.

While minor quantities of raw shale oil were produced 
late in 1983, sustained production was not achieved. 
Our retort Is a unique process facility, particularly so 
because it handles large tonnages of rock at elevated 
temperatures and requires the separation of solids, 
liquids, and gases in a continuous counterflow process 
system. It is encouraging that the rock pump—the 
heart of the retort—works very well, essentially as 
designed. 

We continue to make short retorting runs, gather data, 
and make appropriate facility modifications to accomp-
lish our goal. Much has been learned about the opera-
tion of a large-scale plant which could not be fully 
determined in advance. We are confident we will 
succeed as we have in so many pioneering and innova-
tive developments in the past. 

Almost all of the Phase I syncrude produced will be 
refined into products for use by the United States 
Department of Defense. Jet fuel and military diesel 
refined by others from this syncrude will be used by 
United States Air Force bases in Utah and Idaho. 
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GOVERNMENT 

SEC MAKES ONE AWARD AND 
DROPS NINE PROJECTS 

The Board of the United States Synthetic Fuels Corpor-
ation (SEC) made many project-related decisions during 
the three months from March through May 1984. Dur-
ing this period the SFC Board made an award to the 
Dow Syngas project, requested the United States De-
partment of the Treasury to set aside funds for seven 
projects, signed two new letters of intent, and proposed 
terms for three additional letters of intent. Thirteen 
projects are now under active consideration for finan-
cial assistance or have received awards. 

In addition to these positive decisions, the SEC decided 
to drop six projects (one oil sands and five coal pro-
jects) from further consideration. Additionally, one oil 
shale project was withdrawn by the sponsors and two 
coal projects failed to submit bids before the desig-
nated deadline. Hence, the number of projects under 
consideration was reduced by nine. 

Additional project-related decisions by the SFC, how- 
ever, will not be possible for the foreseeable future. As 
explained in the article entitled "Resignations Render 
SEC Incapable of Making Awards" in this issue, the SEC 
Board now lacksthe quorum that is needed to conduct 
business. Until the minimum four-member quorum is 
reestablished, no further decisions can be made by the 
Board. The timing of President Reagan's nominations 
of new members to the Board and the Senate's approval 
of any or all of the nominations is presently uncertain. 

The following information briefly summarizes the re-
cent SEC decisions. Figure 1 graphically depicts these 
decisions. Figure 2 shows the status of all projects that 
ever applied to the SFC, with recent changes denoted 
by dashed bars or by comments. 

Coal and Peat Projects 

The second quarter 1984 was a period of "good news/ 
bad news" for coal conversion projects that applied to 
the SEC for financial assistance. The most significant 
good news was the signing of a final contract awarding 
$620 million in price guarantees to the Dow Syngas coal 
gasification project. Thus, the project became the 
second project (after Cool Water) to be awarded assist-
ance by the SEC. (The SFC also administers the 
$400 million price guarantee that was awarded to the 
Union Oil Phase I oil shale project by the United States 
Department of Energy.) The details of the final con-
tract with Dow Syngas are summarized in this issue of 
the Pace Synthetic Fuels Report in the article entitled 
"Dow Syngas Receives $620 million price guarantee 
from the SEC." 

Other good news for coal projects involved the signing 
of letters of intent with the sponsors of two projects. 
On April 26, 1984 the SEC issued a non-binding letter of 
intent to the Great Plains project and directed the 
United States Department of the Treasury to set aside 
$790 million for price guarantee assistance to the pro,-
ject. Similarly, the Northern Peat project received an

SEC letter of intent outlining the terms of a possible 
$365 million loan and price guarantee on April 26. The 
SEC had previously requested the Treasury to set aside 
funds for the project on April 5, 1984. Both letters of 
intent are summarized in articles in the Government 
portion of the Coal section in this issue. 

The bad news for coal projects consisted of the SEC 
dropping seven projects from further consideration of 
awards. Perhaps the most significant negative SEC 
action was announced on April 5, 1984 when the Board 
dropped the First Colony peat-to-methanol project 
from consideration under the second general solicita-
tion. The project originally applied to the SEC under 
the first solicitation, was transferred to the second 
solicitation in June 1982, and received a letter of intent 
from the SEC in December 1982. Also at the April 5 
meeting, the SEC dropped the Memphis coal gasifica-
tion project and the North Alabama coal-to-methanol 
project. Both projects applied to the SEC under the 
first solicitation and subsequently reapplied or were 
transferred to the second and the third solicitations. 
However, the long-term negotiations that all three pro-
jects have conducted with the SEC have now ended in 
failure to receive assistance. 

Two other projects taht were dropped by the SFC at the 
April 5 Board meeting were the Arkansas Lignite Con-
version project and the Louisiana Synthetic Fuels pro-
jects. The Arkansas Lignite Conversion project had 
originally applied to the SEC under the Gulf Coast 
lignite competitive solicitation, and was more recently 
involved in direct negotiations with the SEC. (See the 
Pace Synthetic Fuels Report, page 4-1 of the December 
1983 issue.) The Louisiana Synthetic Fuels project was 
the only project formally submitted under the competi-
tive solicitation for Eastern Province and Eastern 
Region of the interior Province bituminous coal gasifi-
cation projects. As explained in the article entitled 
"SEC Eastern Coal Competitive Solicitation Ends With-
out an Award" in this issue, the project was determiend 
to be non-responsive to the requirements of the solici-
tation. Two other projects were also dropped from 
consideration under the solicitation for eastern bitum-
inous coal gasification projects when the sponsors failed 
to submit a technical proposal and bid before the 
March 6, 1984 deadline. These projects are COGA-1 
and Sharon Steel. 

In summary, seven coal conversion projects are no 
longer under active consideration by the SEC. The four 
remaining projects and their status are shown in 
Table 1. 

Oil Sands and Heavy Oil Projects 

Three oil sands projects under consideration for finan-
cial assistance by the SEC were advanced on April 5, 
1984. The SEC Board of Directors notified the United 
States Department of the Treasury to set aside 
$543 million for the Kentucky Tar Sand project, 
$60 million for the Forest Hill project, and $100 million 
for the HOP Kern River Commercial Development -

-

- 
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TABLE 1 

STATUS OF COAL PROJECTS
THAT APPLIED TO THE SFC FOR ASSISTANCE 

Project Sponsors Status 

Cool Water Southern California Edison Awarded $120 million 
Company; Texaco Inc.; Electric price guarantee 
Power Research Institute; 
Bechtel Power Corporation; 
General Electric Company; 
ESEERCO; Standard Oil Com-
pany of Ohio; and .JCWP, a 
Japanese consortium 

Dow Syngas Dow Chemical Company Awarded $620 million 
price guarantee 

Great Plains Gasification 
Great Plains Associates (Tenneco S1{G, Inc.; $790 million set aside; 

ANR Gasicatlon Properties letter of intent signed 
Company; Transco Coal Gas 
Company; MCN Coal Gasifica-
tion Company-, and Pacific 
Synthetic Fuels Company) 

Northern Peat Signal Energy Systems, Inc. $365 million set aside; 
letter of intent signed 

project. Although terms for the three projects have 
been proposed (see the article entitled "SFC Proposes 
Terms of Assistance to Three Oil Sands Projects"), 
neither letters of intent nor financial assistance have 
been awarded to any oil sands projects. 

In other SFC actions, on April 5, 1984, the Board 
dropped the Sunnyside project sponsored by the GNC 
Energy Corporation and Standard Oil Company of Cali-
fornia. Additionally, the Board decided to defer any 
decisions regarding the Chaparrosa Ranch project until 
after April 1984. Hence, four oil sands projects now 
remain under consideration by the SFC. These projects 
and their status are listed in Table 2.

Oil Shale Projects 

The period from March through May 1984 was relatively 
uneventful for oil shale projects that applied to the SPC 
for financial assistance. The SFC Board notified the 
United States Department of the Treasury to set aside 
funds for two projects that had previously received 
letters of intent from the SFC. (See page 2-5 of the 
December 1983 Pace Synthetic Fuels Report for details 
of the proposed terms of the letters of intent.) On 
April 5, 1984 the Board set aside $2.7 billion for the 
Union Oil Parachute Creek, Phase U project. Similarly, 
on April 26, the Board set aside $2.19 billion for the 
Cathedral Bluffs oil shale project. Although both 

TABLE 2 

STATUS OF OIL SANDS/HEAVY OIL PROJECTS 
THAT APPLIED TO THE SPC FOR ASSISTANCE 

Project Sponsors Status 

Hop Kern River [add Petroleum Corporation $100 million	 set	 aside; 
letter of intent proposed 

Kentucky Tar Sand Texas Gas Development $543 million	 set	 aside; 
Corporation letter of intent proposed 

Forest Hill Greenwich Oil Company $60	 million	 set	 aside; 
letter of intent proposed 

Chaparrosa Ranch Chaparrosa Oil Company Decision deferred
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TABLE 3 

STATUS OF OIL SHALE PROJECTS 
THAT APPLIED TO THE SFC FOR ASSISTANCE 

Project Sponsors Status 

Union Oil Parachute Creek, Union Oil Company of 
California 

Phase I Awarded $400 million 
price guarantee 

Phase II $2.7 bilion set aside; 
letter	 of	 intent 
signed 

Cathedral Bluffs Cathedral Bluffs Shale $2.19	 billion	 set 
Oil Company (Occidental aside; letter of intent 
Oil Shale, Inc., Tenneco signed 
Shale Oil Company, and 
Peter Kiewit Sons, Inc.) 

Seep Ridge Geokinetics, Inc. and Letter of intent pro- 
limited partners posed 

Paraho-Ute Paraho Development Cor- Negotiating for loan 
poration, Texas Eastern and price guarantees 
Corporation, Signal Com-
panies, Inc., and Ray-
mond International

projects have received letters of intent and have funds 
set aside, neither project has received final approval of 
assistance. 

In other actions, the SFC announced that prior to the 
Board meeting on April 5, 1984 the sponsors of the 
Means oil shale project withdrew from consideration 
under the third general solicitation. With the with-
drawal of the Means project, the SEC now has no 
eastern oil shale projects under consideration for finan-
cial assistance. However, the sponsors indicated that 
they intend to reapply for SFC assistance under the 
fourth general solicitation. 

Two other projects, Seep Ridge and Paraho-Ute, remain 
in consideration under the third solicitation. The SFC 
Board has authorized, but not signed, a letter of intent 
with the sponsors of the Seep Ridge project. The 
Paraho-Ute project is still negotiating for assistance 
under the third general solicitation, and has until Sep-
tember 1, 1984 to meet conditions set by the SFC. 

The status of these four projects and the Union Oil 
Phase I project are summarized in Table 3. 

RESIGNATIONS RENDER SEC INCAPABLE OF 
MAKING AWARDS 

On April 27, 1984 the United States Synthetic Fuels 
Corporation (SFC) announced that Victor M. Thompson, 
Jr., had resigned from the Board of Directors of the 
SFC. Thompson's resignation as President of the SFC 
was announced on April 26. A fifth member of the

Board, John Carter, resigned on May 16, 1984. As 
described in the March 1984 Pace Synthetic Fuels 
Report, page 1-2, three other me,nbers had previously 
resigned from the SFC Board. 

With Thompson's resignation, the SFC Board dropped 
below the four-member quorum that is necessary, to 
conduct business. The SFC staff will continue with 
day-to-day activities such as project negotiations and 
contract documentation. However, the SEC will not be 
able to make project-related decisions such as advanc-
ing or dropping projects, issuing letters of intent to 
projects, or making awards until a quorum of at least 
four members is reestablished. 

Prior to Thompson's resignation, on April 18 the White 
House Press Secretary announced that President Rea-
gan intended to nominate Eric Reichi to fill one posi-
tion on the SFC Board. On May 15, 1984 President 
Reagan also announced his intention to send the Senate 
a full slate of nominations to fill the vacant positions 
on the SEC Board. The President's announcement was 
made in conjunction with a proposal to reduce the SEC 
budget by approximately $8 billion. (See the article 
entitled "Reagan Administration proposes $9 Billion Cut 
in SFC Budget" in this issue of the Pace Synthetic Fuels 
Report.) If the United States Congress balks at the 
budget cut, an unofficial threat by the Administration 
is to provide no Board nominations, thus permanently 
preventing the SEC from making awards to any more 
synfuels projects. 

The outcome of the negotiations between the Reagan 
Administration and Congress is as yet unknown. It is 
evident that although the original SEC Board members 
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may have been capable in their own areas, they were 
both unfamiliar with the synfuels industry and naive 
about conducting business in a political arena. Hope-
fully, any new Board members will be more politically 
astute and, hence, will be able to accomplish the SFC's 
programs. Unfortunately, the reduced funding level 
proposed by President Reagan may reduce these pro-
grams to a small fraction of the original scope. 

REAGAN ADMINISTRATION PROPOSES $9 BILLION 
CDT IN SFC BUDGET 

On May 14, 1984 President Reagan announced that he 
planned to transmit legislation to the United States 
Congress that would substantially reduce the funds 
available to the United States Synthetic Fuels Corpora-
tion (SFC). The President subsequently submitted the 
legislation titled the "Energy Security Reserve Amend-
ments of 1984" on May 25, 1984. The proposed legisla-
tion would rescind $9.0 billion of the $19.0 billion ap-
propriated to the Energy Security Reserve established 
by Public Law 96-126 (see page 1-1 of the March 1980 
Cameron (Pace) Synthetic Fuels Report). Additionally, 
the legislation proposes a "market test" whereby the 
SPC could not assist projects whose products will cost 
significantly more than projected market pricesof 
competing fuels over the life of the project. The 
legislation, as transmitted to Congress, is reproduced 
verbatum in Table 1.

TABLE 1

PROPOSED SFC FUNDING LEGISLATION 

A BILL 

To rescind funds appropriated to the Energy Security 
Reserve by the 1980 Department of the Interior and 
Related Agencies Appropriations Act, and for other 
purposes. 

Be it enacted by the Senate and House of Reoresenta-
tives of the United States of American in Congress 
assembled, 

That this Act may be cited as the "Energy Security 
Reserve Amendments of 1984." 

Section 2. Of the funds appropriated to the Energy 
Security Reserve by the Department of the Interior and 
Related Agencies Appropriations Act, 1980 (Public 
Law 96-126), $9,000,000,000 are-rescinded. 

Section 3. None of the funds made available to carry 
out title I of the Energy Security Act (Public Law 
96-294) shall be obligated to projects whose products 
will cost significantly more than projected market 
prices of competing fuels over the life of the project.

As yet, the effects of the proposed funding cut on the 
SFC is somewhat uncertain. Although the Energy 
Security Reserve consists of $19.0 billion for synthetic 
fuels, only $14.9 billion was made available to the SFC 
when it became operational in February 1982. (These 
funds do not include $0.40 billion and $1.23 billion com-
mitted by the Department of Energy to the Union 
Phase I and Colony oil shale projects, respectively, that 
were transferred to the SFC.) The funds available to 
the SFC are summarized in Table 2. Because the SFC 
is the only program that is still utilizing funds in the 
Energy Security Reserve, the implication is that the 
President's intent is to reduce SFC funding by $9.0 bil-
lion. However, the proposed legislation leaves the 
"administrative" structure for the synthetic fuels pro-
gram (i.e., the SFC) completely intact. 

TABLE 2 

FUNDS AVAILABLE TO THE SFC 
IN THE ENERGY SECURITY RESERVE FUND 

Billion $ 

Appropriations provided by the Supple-- 12.21 
mental Appropriations Act of 1980 
(P.L. 96-304) 

Appropriations transferred from 2.69 
Department of Energy—uncommitted 
at time of transfer 

Appropriations transferred from 
Department of Energy—committed 
at time of transfer: 
For Union Oil Company of CA Project 0.40 
For The Oil Shale Corporation Project 1.23 

Total 16.53

In a White House press release President Reagan stated 
that he believes his proposed legislation "reaffirms the 
Nation's commitment to a long-range program of devel-
oping a private-sector synthetic fuels industry while 
recognizing that improvements in the energy outlook 
can permit us to achieve a major reduction in federal 
spending through prudent realignments in the program." 
Some of the reasons that the President used to justify 
the proposal include lower crude prices, reduced im-
ports of crude into the United States, and the availabi-
lity of oil in the Strategic Petroleum Reserve. He also 
indirectly referred to the legislation as a means of 
reducing the federal budget deficit. He believes that 
developing a commercial synthetic fuels industry at the 
pace envisioned in the Energy Security Act of 1980 
would require large outlays of money and might create 
an industry that would be permanently dependent on 
government subsidies. 

The President's proposed legislation is the most recent 
of a number of proposals to limit or eliminate the SFC's 
funding authority. (See page 1-2 of the March 1984 
Pace Synthetic Fuels Report for a listing of Congres-
sional initiatives to limit the SFC funds.) If President 

1-18	 SYNTHETIC FUELS REPORT, JUNE 1984 



Reagan's proposal to reduce the SFC's obligatory 
authority by $9.0 billion is passed into law, the legisla-
tion would have intact from $5.8 to $6.9 billion of the 
SFC funds. As explained in the article entitled "Funds 
from Colony Project May Be Available to the SFC" in 
this issue, the SFC is negotiating with the Treasury 
Department to use $1.1 billion of the funds that were 
originally set aside for the Colony oil shale project to 
assist other projects. Of these remaining funds, a total 
of $740 million have already been committed to the 
Cool Water coal gasification combined cycle project 
and the Dow Syngas medium BTU coal gasification 
project. Letters of intent totalling $6.045 billion have 
also been signed with the sponsors of four projects. 
Additionally, letters of intent have been proposed for 
four projects totalling $748 million. The total of these 
planned or executed commitments is $7.533 billion; 
more than the funds that would be available to the SFC 
under the Presidents plan. 

In addition to cutting the funds that are available to the 
SFC, the proposal contains a market test, which has 
only been vaguely defined, that may eliminate many (or 
all) of the projects that have signed or proposed letters 
of intent from the SFC. Industry rumors indicate that 
nine of the ten projects presently under consideration 
by the SFC (two have not yet had letters of intent 
proposed) may be eliminated because their product 
prices are "significantly" above market prices of com-
peting fuels. The key to the test is the definition of the 
term "significantly." Another key to the market test is 
the phrase "over the life of the project." For example, 
the proposed terms of the SFC assistance for the Great 
Plains project sets the guarantee price at $7.50 to 
$10.00 per million BTU, but the cost of natural gas is 
presently approximately $3.50 per million BTU. How-
ever, the price guarantee lasts for only 10 years of the 
30 year project life. Hence, the SFC calculates that 
the price guarantee for Great Plains only amounts to 
40 cents per barrel of oil equivalent over the life of the 
project. 

There is no question that President Reagan's proposed 
legislation may have major repercussions in the synthe-
tic fuels industry. Cutting the SFC funds by approxi-
mately 60 percent would certainly limit the number of 
projects that receive assistance. Moreover, the market 
test could eliminate many of the frontrunning projects, 
thus causing the SFC to essentially start over in its 
search for synthetic fuels projects. The fate of the 
President's proposal now rests with Congress. The final 
legislation that is passed into law, if any, may be very 
similar or significantly different from Reagan's pro-
posal. in the opinion of Pace, the most likely outcome 
will be a compromise in which the SFC funds are 
reduced, but not by the President'sproposed $9.0 billion 
(perhaps $3 to $5 billion). It will most likely be many 
months before Congress takes final action on the 
"Energy Security Reserve Amendments of 1984." 

FUNDS FROM COLONY PROJECT MAY BE 
AVAILABLE TO THE SFC 

The General Accounting Office (GAO) recently con-
cluded that the United States Synthetic Fuels Corpora-
tion (SFC) did not put at risk approximately $1.1 billion

of the loan guarantee provided to Tosco for the can-
celled Colony oil shale project. Hence, the GAO found 
that the SFC can use the funds to assist other synfueLs 
projects. However, GAO also concluded that because 
Tosco did draw down $78 million from the loan 
guarantee account, this portion of the funds cannot be 
used by the SFC. 

As summarized on page 2-1 of the September 1981 
Cameron (Pace) Synthetic Fuels Report, Tosco received 
W loan guarantee of approximately $1.23 billion to fin-
ance its 40 percent share of the Colony project. When 
the project was cancelled by Exxon in May 1982, Tosco 
had used approximately $78 million of its loan guaran-
tee. The SFC believes the remaining funds of approxi-
mately $1.1 billion should be available for other pro-
jects, and GAO's recent study agrees with the SFC 
contention. However, the United States Department of 
the Treasury contends that the funds cannot be reused. 

Depending on the outcome of negotiations between the 
SFC and Treasury, the total funds presently available to 
the SFC to assist synfuels projects is either $14.8 bil-
lion or $15.9 billion. 

VAUGHAN TESTIMONY OUTLINES DOE BUDGET 
PHILOSOPHY 

In testimony before the Subcommittee on Fossil and 
Synthetic Fuels, Committee on Energy and Commerce, 
United States House of Representatives on March 22, 
W. A. Vaughan, Assistant Secretary for Fossil Energy, 
expounded on the philosophical basis for the Depart-
ment of Energy's 1985 budget request (see Pace Synthe-
tic Fuels Report March 1984, page 1-16 for fossil fuel 
energy budget request). 

Coal comprises more than 88 percent of the nation's 
recoverable fossil energy resources and therefore coal 
receives about 80 percent of the fiscal year 1985 bud-
get for fossil fuels. 

Vaughan defined basic research as the development of 
scientific knowledge at the laboratory scale; applied 
research as the broad engineering and physical science 
aspects of technology at bench scale;proof-of-concept 
as establishing the feasibility at a scale sufficient to 
estimate performance standards; process development 
as involving larger scale systems to reduce technical 
risks; and commercialization as eventual acceptance in 
the marketplace. 

"Proof of Concept" now represents the general limit for 
federal government direct funding in fossil energy. 
Under certain conditions, the government may partici-
pate with industry in a cost-sharing effort for further 
development. 

The "basic research" aspect of the Fossil Energy pro-
gram Is funded predominantly by the government. As 
new or innovative concepts emerge from basic re-
search, the private sector is better able to judge the 
eventual commercial potential. Therefore, in the ap-
plied research and proof-of-concept stages, cost-shar-
ing from industry will be solicited. In general, the 
closer a proposed project is to proof-of-concept, the

- 

- 
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larger the degree of commitment (either through cost-
sharing or other contributions) is expected from the 
private sector participants. For basic and applied 
research projects, a range of 5 to 15 percent of the 
project's cost may be provided by the private sector. 
For proof-of-concept projects, a range of 10 to 35 per-
cent has been achieved, but the Department may seek 
to increase the private sector contribution to as much 
as 50 percent In some programs or projects. 

One major new fiscal year 1985 initiative is driven by 
acid rain related considerations. The objective is to 
increase the number of technological alternatives avail-
able to the utility industry for acid rain control. 

A $15 million reduction in the coal liquefaction budget 
is due primarily to the completion of a number of large 
scale process development and pilot plant projects. It 
is felt that significant coal liquefaction will probably 
not occur before the turn of the century. The principal 
thrust of the fiscal year 1985 liquefaction program will 
be to examine at laboratory and bench scale possible 
approaches to improving the efficiency, product yield, 
and economics of both direct and indirect coal liquefac-
tion processes. 

The Fossil Energy budget also provides funding for a 
wide range of methanol-related technologies. Coal 
gasifiers have an inherent drawback when used as the 
first step for methanol synthesis. Typically, they 
produce a gas with a lower proportion of hydrogen than 
is needed. DOE is developing "liquid phase synthesis" 
for converting low-hydrogen gas into methanol. 

In another area, the DOE is working with the Federal 
Republic of Germany and an international industrial 
consortium to improve the Mobil methanol to gasoline 
process by developing a more effective fluid bed reac-
tor. 

The following advances are expected to be achieved 
through the research and development efforts proposed 
in the fiscal year 1985 budget: 

Coal 

Control Technology and Coal Preparation—Oper-
ate an alkali-displacement chemical cleaning sys-
tem to remove over 90 percent of sulfur and ash 
from coal. Evaluate performance of advanced 
physical coal cleaning devices on ultra-fine coal. 

Complete testing of an electron beam/lime spray 
dryer "proof-of-concept" to remove both. SO and 
NOx without producing wet sludge as waste. Com-
plete laboratory investigations of advanced 
SOx/NOx flue gas cleanup devices. Begin competi-
tive effort to test retrofittable, low cost scrub-
bers. 

Determine the capability of selected cleanup sys- 
tems to clean hot gases (at process temperatures) 
exiting from coal gasifiers and/or pressurized 
fluidized bed combustors.

Continue to characterize organics and inorganics in 
solid/sludge waste. 

Coal Liquefaction Complete data base develop-
ment for liquid phase methanol synthesis and meth-
anol-to-gasoline fluid bed processes. Complete 
testing of integrated two-stage liquefaction con-
cept at "proof-of-concept" scale. 

Combustion Systems—Establish the potential for 
atmospheric fluidized bed combustion for small 
boilers through bench scale testing. Begin joint 
effort to scale up fluidized bed concept to 
160 megawatt utility demonstration scale. En-
hance data base for pressurized fluidized bed com-
bustion. 

Complete data base for coal-water mixture com-
bustion and handling. Expand efforts into other 
coal-liquid mixture technology areas. 

Complete work on "slag rejecting" coal combustors 
designed to be retrofitted onto existing oil- and 
gas-designed boilers. Move more advanced con-
cepts of advanced combustors through bench scale 
development. 

Fuel Cells—Complete testing of the first utility-
scale preprototype fuel cell power plant and con-
tinue to improve first generation phosphoric acid 
technology. 

Fabricate and test the first full area short stack 
for the molten carbonate fuel cell, and qualify a 
5 kilowatt preprototype module of a solid oxide 
fuel cell operating on coal gas. 

Heat Engines—Reference fuel specifications to be 
selected for turbine combustor and airfoil cooling 
design variables and diesel engine design variables. 

Underground Coal Gasification—Begin follow-up 
test of advanced ignition process in high ash, sub-
bituminous coal seam, and design outcrop tests of 
high sulfur bituminous underground gasification 
process. 

Mnetobydrodynainies—Transition current pro-
gram to cast-share effort leading to proof-of-
concept facility. 

Surface Coal Gasification—Continue to build data 
base on advanced coal gasification techniques, and 
begin initial testing of components and effluent 
cleanup and control systems utilizing the Great 
Plains Coal Gasification plant in North Dakota. 
Work on new concepts for removing acid gases, for 
separating oxygen from air and hydrogen from 
steam, for improving the lifetime and costs of 
materials and alloys, and for improving the durabil-
ity of catalysts. 

Advanced Research and Technology Develop-
ment—Improve fundamental scientific understand-
ing of coal properties, combustion, erosion, corro-
sion, and deposition, separation processes, catalyst 
surface science, reaction chemistry, mechanisms 
and kinetics, thermodynamics, and solids transport. 
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Gas 

Unconventional Gas Recovery—Enhance data base 
on western lenticular tight sands by completing 
stimulations of three reservoirs at rnultiwell field 
laboratory. 

Substantiate the productive intervals and various 
reservoir properties for Devonian shale reservoirs 
by completiflg second offset well test. 

Complete resource identification for novel gas 
sources, such as hydrates and deep source gas. 

Petroleum 

Enhanced Oil Recovery—Improve understanding of 
key reservoir/fluid properties control oil produc-
tion from depleted oil fields. Screen and identify 
chemical agents for injection with steam to pro- 
duce from heavy oil and tar sand reservoirs. 

Oil Shale—Continue to enhance technology base, 
including work on the kinetics, chemistry, and 
physics of oil shale retorting. Improve mathemat-
ical models and understanding of "low-void retort-
ing." Conduct studies of environmental emissions 
from eastern shale retorting and combustion pro-
cesses. Improve ways to mitigate environmental 
impacts of oil shale processing. 

Advanced Process Technology—Continue with 
microbial enhanced oil recovery, and conduct fund-
amental petroleum and gas related research in-
tended to improve current data base. 

Arctic and Offshore—Data gathering to provide 
additional information on Arctic subsea perma-
frost, seafloor seismic motion, and seafloor ice 
gouging on offshore structures and pipelines. 

Several of the Committee's questions dealt with the 
question of a "gap" in the development path for new 
technologies, specifically in regard to the availability 
of federal financial assistance. 

The Department of Energy (DOE) agrees with the 
Chairman of the United States Synthetic Fuels Corpor-
ation (SFC) and others who , have recognized that 
neither the DOE nor the SFC has the specific role of 
providing financial support for the "process develop-
ment" stage of a technology. The DOE's position is as 
follows: 

• First, no technology, or group of technologies, 
is being hindered at the present time because of 
such a "gap;" 

• Second, once a technology approaches the "pro-
cess development" stage, its potential should be 
sufficiently known so that private sponsors are 
prepared to provide substantial (at least 50 per-
cent) financial participation. 

Although the Administration has not generally 
requested funds for projects beyond the proof-of-con-
cept stage, if a proposer is willing to provide cost-

sharing of 50 percent or more for a larger scale "pro-
cess development" project, the DOE would be willing to 
consider such a proposal. 

The Committe heard from several industry witnesses 
that a lack of continuity in government funding for 
fossil R & D increases uncertainty, and that the lack of 
funding for demonstration projects makes it unproduc-
tive for companies to conduct research on technologies 
that are not immediately profitable. 

DOE agrees that the recent fundamental change in 
federal policy regarding research and development of 
fossil energy has created an atmosphere of uncertainty 
within the private sector. When Administration budget 
proposals differ from Congressional appropriations by a 
factor of three—as they have in the recent past—pro-
grams are disrupted, and projects proceed in a stop-
and-start fashion. 

The fiscal year 1985 budget request, by contrast, is 
within 15 percent of the funding level approved for 
fiscal year 1984 by the Congress. DOE expects that the 
Fossil Energy program would remain at approximately 
that level of effort for the next several years. This 
should permit both government and industry to better 
plan their research programs. 

SFC DRAFT RECOMMENDED COMPREHENSIVE 
STRATEGY PROPOSES LEARNING PAUSE 

The Energy Security Act of 1980 that established the 
United States Synthetic Fuels Corporation (SFC) 
requires that the SFC submit a recommended compre-
hensive strategy (RCS) to Congress by June 30, 1984. 
Two phases of SFC activity were specified in the Act, 
with the RCS providing a method for Congress to 
reassess the synfuels program and thus guide the SFC in 
its second phase of assisting projects. Although the 
SFC considered postponing the document for one year 
as allowed in the Act, recent Congressional pressure 
convinced the SFC to submit the RCS this year. Addi-
tionally, the RCS, which was originally envisioned as a 
voluminous landmark document that would describe in 
detail the status of the synfuels industry, has been 
reduced in scope to a probable 40 to 80 page "summary" 
with supporting appendices. 

A draft working paper of the RCS, reproduced in the 
Appendix of this issue of the Pace Synthetic Fuels 
Report, has been released by the SFC to solicit com-
ments. The draft proposes three options to be evalu-
ated in the RCS: (1) nameplate capacity; (2) diverse 
production capability; and (3) pause for learning. These 
options are all based on the following basic assump-
tions: 

• SFC's Basic Business Plan for the first four 
years (see page 1-15 of the March 1984 Pace 
Synthetic Fuels Report) should be completed. 

• SFC monitoring of all contracts and of each 
Plant should be the prime focus of SEC's activ-
ity after the comprehensive strategy. 

• The technology gap between R & D/bench-scale 

-

-

- 
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and full commercial operation should be bridged 
through federally supported sub-commercial 
development. 

• Preliminary analysis indicates that heavy oils 
offer a large, low-cost resource that could be 
quickly available but the ESA current eligibility 
criteria have limited access to this very pro-
mising resource. 

• Modest technical changes to the Energy Tax 
Credit and Investment Tax Credit should be 
enacted by Congress to assure that synthetic 
fuels projects are not made artificially unat-
tractive relative to similar investments in other 
energy production ventures. 

The SEC considered many options for its recommended 
Phase II program and narrowed the lists of options. By 
eliminating some alternatives and aggregating others, 
the Board arrived at a set of three options from which 
to select its recommendation to Congress. These 
options are summarized below. 

Option 1: Nameplate Capacity 

The first approach seeks to achieve the Energy Security 
Act (ESA) 1992 production goal in terms of nameplate 
capacity, up to the constraints imposed by the Act 
(time, money, authorities). In this approach SEC assis-
tance would emphasize resource regions and 
technologiesthat can maximize nameplate production 
capacity, on-stream by 1992. A number of large or full 
scale plants would be built simultaneously using existing 
technology, and concentrating on relatively few 
resource regions. Option 1 provides assistance 
primarily for oil shale, tar sands/heavy oil, and coal-
liquid mixture projects, and a few coal conversion 
projects. 

The SEC estimates this program could lead to roughly 
1.4 million COB barrels per day of on-stream produc-
tion capacity (140,000 COE barrels from Phase I pro-
jects plus 1.26 million COB barrels from Phase II) with 
the Act's $88 billion funding limit This approach might 
lead to 2.0 million COE barrels of nameplate capacity, 
but at an obligational authority level of approximately 
$170 billion. The SEC believes that most of the 
Phase II projects needed under this approach would be 
government owned/company operated ((3000) projects, 
and many would be government-designed as well. Such 
involvement far exceeds the SEC's Phase U authority 
under the ESA, but without such extreme "forcing" by 
SFC, the goal could not be achieved before the mid-
1990s. The $170 billion cost estimate is based on the 
SEC's experience with projects in the Basic Business 
Plan, and this forcing is likely to drive up actual costs 
substantially. 

Option 2: Production Capability 

Option 2 involves defining the production goal in terms 
of production capability—an estimate of nameplate 
capacity plus production that could result from expan-
sion of projects on-site and at other identifiable sites. 
Such production could become quickly available in re-

sponse to changed market forces and/or a national 
emergency. Option 2 envisions the SEC building widely 
diverse production capability up to the 2.0 million COB 
barrels per day level as quickly as possible within the 
ESA funding limit. 

To maximize expansion potential Option 2 assistance 
would emphasize a wide range of resource regions and 
technologies with minimum-sized commercial scale 
plants. Option 2 focuses assistance on coal conversion 
and oil shale projects, with less emphasis (compared to 
Option I) on tar sands/heavy oil and coal-liquid mixture 
projects. It could lead to roughly 400,000 COB barrels 
per day of on-stream production capacity, and roughly 
2.0 million COE barrels per day production capability, 
for a total obligation of $35 billion, with Is within the 
Act's funding limit. This second option requires either 
much more time or much more pervasive government 
involvement than the Act prescribes. Its costs are also 
likely to exceed the $35 billion estimate in direct 
proportion to the percentage of GOCO-type plants 
required for Phase II.	 - 

Option 3: Pause for Learning 

The third approach consists of inserting a few years' 
"learning pause'1 between completing Phase I assistance 
and, if necessary, initiating Phase II assistance. During 
this "learning pause," the SEC and sponsor organiza-
tions would acquire operating experience through moni-
tored construction and operation of the initial commer-
cial plants of the Basic Business Plan; and from federal-
ly assisted sub-commercial applications of the most 
promising, unproven technologies. The SEC believes 
that government and industry could use this knowledge 
to reduce the cost and the technical and environmental 
risks of further synthetic fuels development. Option 3 
would require no further appropriations at this time. A 
reassessment (by the Congress and the SFC) after the 
"learning pause" would clarify both private sector po-
tential and national requirements for a Phase U pro-
gram of assistance. 

Conclusions 

From its analysis of the ESA and the alternatives that 
were considered, the SEC made the following conclu-
sions: 

• The national production goal, defined in terms 
of on-stream nameplate capacity, is infeasible 
within the constraints of the ESA, under cur-
rent energy and economic conditions. 

• The production goal, in terms of defined pro-
duction capability, might be feasible within the 
ESA's constraints. But, reaching it requires de-
emphasis of nameplate capacity as a target. 

• Additional technological development may be 
possible at the sub-commercial level, and there 
is considerable interest in industry in federal 
assistance for sub-commercial projects. 

• Under the current economic conditions, devel-
opment of the synthetic fuels industry would be 
most efficient if pursued in a staged effort

- 
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involving a "learning pause" to allow the SF0 
and industry to learn from the initial base-
building facilities. 

• Such a staged effort will significantly reduce 
the technical and environmental risks of ex-
panded commercial production if economic con-
ditions or national security require it. 

Therefore, although no option is specified in the SF0 
draft working paper as the recommendation that will be 
suggested to Congress, It appears obvious that some 
form of Option 3 will be selected. The working paper 
has elicited comments (criticisms) from various groups. 
Hence, the final RCS that is submitted to Congress in 
June will likely be somewhat modified from the draft 
working paper. 

AMENDMENT TO FOURTH GENERAL SOLICITATION 
ESTABLISHES EASTERN BITUMINOUS COAL 
CATEGORY 

On April 26, 1984 the United States Synthetic Fuels 
Corporation (SF C) Board of Directors gave final ap-
proval to an amendment to the Fourth General Solicita-
tion that was issued on February 16, 1984. The amend-
ment established a separate category for coal gasifica-
tion or liquefaction projects that utilize bituminous 
coal from the Eastern Province or Eastern Region of 
the Interior Province. These projects must produce a 
minimum of 6,500 barrels of crude oil equivalent per 
day. The second category in the general solicitation 
encompasses all other projects that utilize oil shale, 
coal (including lignite and peat), oil sands, or heavy oil. 
No minimum project scale is specified for these pro-
jects. 

The SFC intends to make at least one award within 
each category. However, the SFC also reserves the 
right to make awards in only one category, or to cancel 
the solicitation entirely. Qualification proposals in

response to the solicitation are due by June29, 1984. 
SF0 approval of contracts is expected in the first 
quarter 1985. Details of the fourth general solicitation 
are summarized in the March 1984 Pace Synthetic Fuels 
Report beginning on page 1-12. 

## # 

ANOTHER SPC COMPETITIVE SOLICITATION ENDS 
IN FAILURE TO MAKE AN AWARD 

As of the end of May 1984 the United States Synthetic 
Fuels Corporation (SFC) had issued four competitive 
solicitations and three had ended without the award of 
any financial assistance. The most recent failure to 
make an award involved the solicitation for Eastern 
Province and Eastern Portion of the Interior Province 
bituminous coal gasification projects. As explained in 
the Coal section of this issue of the Pace Synthetic 
Fuels Report, the only project that formally applied 
under the solicitation was the Louisiana Synthetic Fuels 
project. However, the SF0 determined that the project 
was non-responsive to the terms of the solicitation. 

The other two competitive solicitations that ended in 
failure were for projects utilizing western oil shale and 
Gulf Province lignite. The western oil shale solicitation 
ended when the only project that formally applied, the 
Union Oil Parachute Creek Phase II project, was deter-
mined to be non-responsive to the solicitation terms. 
Similarly, the Arkansas Lignite Conversion project (the 
only respondent to the Gulf Province lignite solicita-
tion) failed to receive an award when the SFC found the 
project was non-responsive. 

Despite these past three failures, there is still hope for 
the success of other SFC competitive solicitations. The 
Great Plains project recently received a letter of intent 
from the SF0 as a result of the competitive solicitation 
for coal gasification projects. Additionally, the SFC 
still has active competitive solicitations for coal-water 
fuel projects and for coal gasification or liquefaction 
retrofit projects. The schedule for the competitive 
solicitations is shown in Figure 1. 

FIGURE 1 
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ENERGY POLICY & FORECASTS 

CONOCO FORECASTS INCREASING OIL IMPORTS, 
LITTLE SYNTHETIC LIQUIDS BY 2000 

Conoco's new "World Energy Outlook Through 2000" 
issued in April 1984 exhibits increased pessimism about 
the ability of the United States to supply its domestic 
petroleum needs, and little optimism about synthetic 
fuels. 

The outlook begins by noting that energy-consuming 
nations have made considerable progress in improving 
energy security during the past several years. Current 
energy supplies are ample, and energy prices are as 
likely to fall as to rise during the next year or so. By 
the end of this decade, however, demand and supply will 
be much more tightly balanced, and consuming nations 
will rely increasingly on OPEC for oil. Conoco predicts 
that OPEC oil output as a percentage of world oil 
consumption will rise to 54 percent in 2000, up from 
41 percent currently. This rise will increase consuming 
nations' vulnerability to supply disruptions and price 
shocks. In view of the long lead times required to 
develop alternatives to OPEC oil, Conoco states that it 
is imperative that such efforts be pursued now. Their 
recommendations, however, Ignore synthetic fuels. 

On balance, the world energy trends projected by 
Conoco in this outlook are similar to those identified in 
last year's assessment. However, prospects for several 
specific areas have changed considerably. 

• United States imports of oil will jump from 26 
to 45 percent of demand in 2000. This reflects 
higher demand and lower domestic supply than 
forecast previously. 

• Decreased crude oil price expectations will 
cause non-OPEC oil supply to peak in the late 
1980s, rather than after 2000. 

• Synthetic fuels prospects appear remote during 
this century, barring renewed government sup-
port. 

Key Factors 

Energy price increases of the past decade dampened 
consumption and stimulated significant increases in the 
supply of non-OPEC energy sources. Due to the gradual 
replacement of older, less efficient energy-consuming 
devices, demand will be constrained for many years to 
come. Conversely, recent price declines will stimulate 
energy demand. Increases in demand will be accom-
modated easily by OPEC's sizable excessproductive 
capacity during the next several years. Consequently, 
oil prices may not rise until the second half of the 
1980s. Further oil price declines are a distinct possibi-
lity. Thereafter, ebbing non-OPEC supplies in conjunc-
tion with slowly rising demand will firm oil markets and 
support moderate real oil price increases. 

The possibility of a major oil supply disruption still 
exists. Moreover, the worlds vulnerability to such an 
outage will grow as excess productive capacity is 
depleted.

Natural gas is expected to maintain price competitive-
ness with oil on a delivered energy-equivalent basis. 
Coal will continue to have a limited price advantage 
over oil and gas. The contribution of nuclear power will 
be hampered by high plant construction costs and 
ongoing safety concerns. Renewable energy sources 
such as solar, wind, biomass, and geothermal power are 
not likely to be significant during the forecast period. 

World energy demand will rise 2 percent per year 
throughout the 1980s, then row more slowly during the 
1990s. Developing nations will account for one-half of 
the total Increase. Efficiency gains will limit demand 
growth in developed countries. 

For the world in total, per capita energy use will not 
change measurably. In response to energy price in-
creases, developed nations used 18 percent less energy 
per unit of goods and services produced in 1982 than in 
1973. Developing nations, in contrast, consumed 9 per-
cent more per unit of production In the same period. 
The net effect for the world as a whole will be a 
consistent 1 percent per year reduction in energy use 
per unit of economic activity through the end of this 
century. 

United States Oil Supply/Demand 

Conoco projects energy demand in the United States to 
grow an average of 1 percent per year from 36 million 
COE barrels per day in 1984 to 43 million COE barrels 
per day In 2000. This represents a reversal of the 
marginal decline from 1973 to 1982. Growth in energy 
demand results from the stimulus of moderate econo-
mic expansion, offset partially by (1) permanent im-
provements in the efficiency of the energy-consuming 
capital stock, (2) saturation in many end-use markets, 
and (3) population shifts to warmer regions. Figure 1 
Illustrates Conoco's expected continuation of the trend 
toward lower energy use per unit of economic activity. 
In 1982, the energy equivalent of about 9 barrels of oil 
was consumed for each $1,000 (in constant 1972 dollars) 
of goods and services produced in the United States 
economy, down from 11 barrels in 1973. Only 6.5 bar- 
rels will be utilized for the same amount of economic 
activity in 2000. 
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The mix of fuels utilized to supply United States energy 
requirements has shifted away from oil in general and 
even more dramatically away from oil produced by 
OPEC nations. A continued, but more gradual, shift 
away from oil is anticipated during the 198Z to 2000 
period: oil's share of United States energy use falls 
from 43 percent in 1982 to 39 percent in 2000; the 
share of natural gas decreases from one-fourth to one-
fifth; coal and nuclear power increase markedly; and 
hydropower and renewable energy sources make only 
negligible gains in share. 

The relative price of oil caused United States petro-
leum liquids demand to drop from a peak of 19 million 
barrels per thy in 1978 to just over 15 million barrels 
per day in 1983. Total petroleum liquids demand is now 
projected to turn upward, rising to 16.5 million barrels 
per day by 2000. This is an average annual rate of 
0.5 percent. 

Gasoline use, which peaked at 7.5 million barrels per 
thy in 1978, will fall 1 percent annually from 1983 to 
2000, while distillate use is expected to rise 1 percent 
per year through 2000. 

Residual fuel oil consumption, which has fallen 50 per-
cent from its 1979 peak of 3 million barrels per thy, is 
forecast to recover somewhat during the next several 
years. The combination of (1) the economic upturn, (2) 
reduced expectations regarding nuclear electricity gen-
eration, and (3) improved price competitiveness of 
residual vis-a-vis coal will contribute to the recovery. 
Thereafter, residual demand should remain fairly 
stable. 

Declining United States petroleum liquids output, es- 
pecially after 1990, will fall far short of demand, as 
shown in Figure 2. Total domestic petroleum liquids 
output is expected to fall to 9 million barrels per thy by 
2000, a decrease of 1 percent per year from 1983. This 
is largely the result of natural decline in crude oil 
production from mature fields. 

Alaskan North Slope production will peak at almost 
2 million barrels per thy in 1990 and fall to less than 
1.5 million barrels per thy in 2000. West Coast produc-
tion will slip only slightly from its current output of 
over 1 million barrels per day. Production from other 
areas will continue to decline steadily. Total United 
States crude oil production will fall to 7 million barrels 
per thy at the turn of the century, down from 8.5 mil-
lion barrels per day currently. Synthetic liquids from 
coal and oil shale are not commercially viable with 
current price expectations and reduced government 
support. Conoco believes that the contribution of such 
fuels will be negligible, less than 200,000 barrels per 
thy by the end of the forecast period. 

As a consequence, the United States will experience an 
acute increase in dependence on imported oil, from 
4 million barrels per thy in 1983 to 7.5 million barrels 
per thy in 2000 (Figure 2). 

Policyjrnplieatior 

Historically, imported oil supplies have been subject to 
interruption. The resulting shortages and price shocks

FIGURE 2 
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have reduced employment and stifled economic acti-
vity. Given the disquieting increase of both United 
States and world reliance on OPEC oil production that 
is projected in this outlook, efforts to improve govern-
ment energy policies must be renewed urgently. 

Funds for reinvestment generated by United States oil 
and gas operations during the recent past fall far short 
of the amounts required to replace depleted petroleum 
reserves. 

In light of these developments, complacency regarding 
the United States energy situation is unwarranted. 
Conoco's recommendations to improve energy security 
include: 

5 Increase availability of public lands for energy 
exploration and development. 

• Ensure the availability of capital for energy 
development. 

• Promote competition in the United States 
energy market. 

• Prepare for possible supply emergencies. 

None of the above Conoco recommendations is directed 
at synthetic fuels. 

GRi FORECASTS ADEQUATE SUPPLIES OF 
CONVENTIONAL ENERGY 

Henry K. Linden, President of the Gas Research Insti-
tute (Gal), presented the State of Energy address at the 
11th Annual Energy Technology Conference held on 
March 19, 1984. The title of his talk was "Is Energy a 
Diminishing Issue?" Although Dr. Linden did not direct-
ly answer the rhetorical question in the title of his talk, 
he concludes that "diminishing or not, modern society 
simply could not function without adequate and reliable 

1-25	 SYNTHETIC FUELS REPORT, JUNE 1984



energy supplies. Declaring an end to the energy crisis 
is probably premature and certainly selfish in view of 
the plight of the hydrocarbon-poor Third World." 

Dr. Linden points out that mechanical energy was 
historically supplied by human and animal labor, and 
that energy for heating and cooking was supplied by 
wood, farm wastes, geothermal sources, and the sun. 
However, eventually other energy sources raised pro-
ductivity to the point where exploitation of human 
labor was no longer necessary or profitable. He be-
lieves that science and technology, in conjunction with 
energy, have been the instruments of social, economic, 
and political progress of the Western World. 

It is Dr. Linden's opinion that economic growth follow-
[rig World War II was subsidized by energy supplies that 
were priced well below their economic value. More 
recently, the world economy has successfully coped 
with structural changes such as expensive or unreliable 
oil supplies, depletion of fossil fuels, and the initial 
economic problems of nuclear, synthetic, or renewable 
energy sources. He also believes that cost-effective 
improvements to reduce energy use have scarcely be-
gun. 

As for the future, Dr. Linden believes that over the 
next decade or two, there will be no relief from world 
oil price uncertainties. He forecasts crude oil prices 
that will slowly increase to $40 per barrel in 2000 in 
terms of constant 1983 dollars. However, there will 
also be large temporary swings on both the upside and 
downside. 

Concerning energy demand in the United States, Dr. 
Linden states that although low oil prices will be 
beneficial to economic growth, low prices will also 
cause oil imports into the United States to rise substan-
tially with "worrisome economic and geopolitical conse-
quences." Low oil prices will also depress industrial use 
of coal and will slow development of synthetic fuels. 
He forecasts that total demand for energy in the United 
States will grow at only 40 to 50 percent of the rate of 
GNP growth (contrasted with approximately 100 per 
cent prior to 1970). Other variables that will influence 
energy use, particularly interfuel competition, include 
legislation governing natural gas pricing, acid rain, and 
energy tax credits. 

Dr. Linden believes that it is absurd to think that 
depletion of conventional world hydrocarbon resources 
is imminent. He believes that synthetic fuels from 
coal, oil shale, and bitumen resources are technically 
assured. However, the need for these high-cost alter-
native fuels may be deferred for decades. Lower cost 
energy will first come from increased non-OPEC capac-
ity, increased Soviet exports, new production from 
Third World nations, marginal oil and gas resources, and 
(if successful) from enhanced recovery techniques. 

In conclusion, Dr. Linden stated that the world can 
return to a strategy based on least-cost energy service. 
He believes that energy problems are susceptible to 
"rational and technically feasible solutions."

RESOURCES FOR THE FUTURE WARNS 
THAT ENERGY SUPPLY SITUATION 
COULD CHANGE 

One way to determine which potential and economic 
events truly are significant is to check whether their 
anniversaries are noted by retrospective newspaper 
articles and conferences. 

On this scale, the oil embargo of 1973 is obviously 
significant. The past several months have seen numer-
ous discussions about the meaning of "the energy de-
cade." Michael J. Coda, writing in the 1984 Winter 
edition of Resources, suggests that what we should have 
learned during the last ten years is that basing policy 
and plans on the assumption that prevailing energy 
market trends will continue can be dangerous. He notes 
that two fundamental changes have occurred in energy 
markets since the beginning of 1973. First, energy 
supplies display extreme short-term sensitivity to polit-
ical events. Second, high energy prices produce drama-
tically different energy demand/supply relationships. 
Each of these changes caught the energy world by 
surprise. 

In the last 10 years, the price of oil has jumped 
345 percent In real terms, even after the recent down-
turn. The sharp price hikes of 1973/1974 and 1979/1980 
were at least partly responsible for triggering deep, 
worldwide recessions. The oil-related debts of the 
developing nations placed unprecedented strains on the 
international financial system. Perhaps most ominous 
of all, the United States was forced to announce that, 
because of oil, the Persian Gulf had become an area of 
vital strategic interest—making more conceivable a 
catastrophic confrontation with the Soviet Union. 

The first important change was the increasing sensiti-
vity of energy supplies to political events. The inability 
to anticipate this was a major contributing factor to 
the 1973/1974 ability of Saudi Arabia and other oil 
producers to institute price hikes. Attributing little 
importance to polities, many forecasters in 1974 and 
1975 predicted that "revenue-maximizing" production 
increases by OPEC would lead to prices being forced 
down. Predictions of OPEC's collapse were widespread. 

As a result of the general tendency to downplay the 
likelihood of further significant, politically related in- 
terruptions in oil supplies, emergency planning mea-
sures were given low priority. True, the industrialized 
nations set up the International Energy Agency (lEA) to 
coordinate energy policies, the Department of Energy 
was authorized to purchase oil for the Strategic Petro-
leum Reserve (SPa), and Congress asked the President 
to draw up a gasoline-rationing plan for use during 
emergencies. But a singular lack of urgency surrounded 
these responses. 

Thus, when the Iranian revolution began to affect oil 
production in November 1978, the oil-consuming nations 
were again unprepared. In 1978 Iranian production 
averaged 5.2 million barrels per day and in Jan-
uary 1979, production fell to 410,000. Despite this 
shortfall, the LEA's emergency sharing mechanism was 
not triggered. The United States Strategic Petroleum

- 
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Reserve, which then held only 91 million barrels, was 
not used. No gas-rationing plan could have passed 
Congress until after the worst part of the shortfall was 
over. In brief, there was no coherent response—a 
factor that contributed to panic buying on the interna-
tional spot market and helped push the price of oil from 
$13.11 per barrel in January 1979 to $31.39 per barrel 
in December 1980. 

Unanticipated political influences on supplies also pop-
ped up in other energy markets. In natural gas, the 
shortages of 1916 prompted Congress to pass the 
Natural Gas Policy Act (NGPA) of 1978. Misunder-
standing the importance of this legislation, pipelines 
continued bidding anxiously for supplies while paying 
little attention to price, while producers were borrow-
ing huge sums to produce and explore for gas reserves. 
But under the NGPA the problem of the natural gas 
industry changed from excess demand to excess supply. 
Thus, gas pipelines were left with contracts for supplies 
they could not sell, and some producers of high-cost gas 
went broke. 

For electric utilities and for the coal and nuclear 
industry supplying them, the environmental movement 
was an important new political factor. Prior to the 
1970s it was unusual to see major energy projects 
delayed, let alone cancelled, because of environmental 
considerations. Nor were operations seriously 
restrained by air or water pollution regulations. 

All that changed with the public's increased sensitivity 
to environmental issues. The Clean Air Act of 1970 and 
amendments to that act in 1977 restricted sulfur di-
oxide, nitrogen oxide, and particulate emissions from 
the burning of coal and forced many utilities to install 
expensive scrubbers. Coal-burning utilities are now 
faced with the prospect of acid rain legislation that 
could force additional, expensive, anti-pollution invest-
ments. Again, it looks as if those utilties that under-
rated the influence of the environmental movement will 
be penalized. On the nuclear power side, the accident 
at Three Mile Island in 1979 lent decisive weight to the 
arguments of the antinuclear activists. Safety stan-
dards were made more rigid and several plants were 
forced to shut down for periods. 

Has the importance of political events been fully recog-
nized after these experiences? The answer is mixed. 
On the positive side, government planners have devoted 
much effort to planning for oil disruptions. Less 
encouraging is the universal expectation, that energy-
supply trends will shift only gradually in coming years 
with insignificant year-to-year fluctuations. Several 
plausible scenarios -could prove this view incorrect. In 
oil, many have pointed out the likelihood of another 
supply disruption in the Middle East. But there are 
other, less frequently mentioned, potential political 
influences on supply. One example is the possibility of 
political unrest in Mexico. On the other side of the 
coin, the Iran-iraq war could and and flood the oil 
markets with as much as an additional 3 to 5 million 
barrels per day of oil. Different types of political 
disruptions such as a new natural gas regulation or 
environmental laws easily could appear. The past ten 
years have made clear the damage that political factors 
can wreak.

The second fundamental change in the last ten years is 
the reaching of price levels high enough to upset 
demand and supply patterns. Before 1973, and for 
several years thereafter, it was assumed that prices 
could rise substantially without either significantly re-
ducing energy consumption or increasing supply. This 
belief was bolstered by continuing increases in the 
consumption of oil, natural gas, and electricity in the 
face of sharply higher prices after 1973. 

Belief that prices would not restrain growth in energy 
demand resulted in price controls on oil from 1971 until 
1981. Imports grew more rapidly than would otherwise 
have been the case. 

Not foreseeing the market adjustments to higher energy 
prices contributed to fears of shortage and made many 
energy investments look more desirable than they would 
have otherwise. Congress passed legislation designed to 
restrict consumption of oil and natural gas for certain 
uses deemed "non-essential" or where coal could serve 
as a substitute. Impetus was given to large-scale 
energy projects. The United States Synthetic Fuels 
Corporation was created to speed such projects. 

The assumption that demand trends would remain on 
historical paths also was common in industry. From 
1963 to 1971, total United States energy consumption 
had grown at an annual average of 4.4 percent. Oil and 
natural gas companies created huge exploration budgets 
in the expectation that this sort of growth in consump-
tion would continue. In electricity, where the size of 
investments makes forecasting critically important, 
electric utilities proceeded with plans to build large 
new nuclear and coal-fired plants. 

Ignoring prices, forecasts were based on extrapolations 
of the past. Unfortunately for these planners, begin-
ning in 1979 demand trends for almost every energy 
product began to decline in reaction to higher prices. 
Compared to the first six months of that year, energy 
consumption has dropped 14 percent. The trend also is 
apparent in other industrialized nations. 

Meanwhile available energy supplies have grown. Oil 
production outside of OPEC countries increased from 
about 24 million barrels per day in 1913 to around 
34 million barrels per day in 1982. 

For those with investments in high-cost energy supplies, 
the impact of the change in trends was serious. Oil 
service and equipment companies that had expanded 
suddenly were forced to retrench. Oil and natural gas 
producers saw their profits dive. And, most critically, 
the electric utility industry found itself with a host of 
partially completed unneeded power plants. 

The financial distress that accompanied these events 
has led to general acceptance of the idea that rising 
prices can limit energy demand and encourage supply. 
Some still predict that consumption increases will re-
turn with economic growth. However, the majority of 
planners believe that prices including the lagged ef- 
fect of past increases will continue to hold down 
demand. Many are assuming that demand never again 
will grow at the rates achieved in the 1960s and 1970s. 
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Their certainty about the new relationship between 
economic growth and demand is probably not war-
ranted. A combination of low demand growth projec-
tions and optimism on the outlook for conventional 
energy supply has supported industry moves to back out 
of alternative energy investments. For example, the 
United States Synthetic Fuels Corporation still was 
barely active in 1983, three years after it began opera-
tion. Thus the United States, having first been burned 
by a refusal to believe that price would limit demand, 
now may be victimized by too-ready acceptance of a 
new trend to abundant supplies and a belief that it is 
unswerving. 

Avoiding this trap will, in the author's opinion, require 
measures that acknowledge the uncertainty surrounding 
energy. Such an approach should include greater 
government funding for basic energy research and deve-
lopment directed at a variety of different technologies. 
It would be desirable to make markets as free from 
price regulation as is politically possible. A high 
priority should be placed on preparing for energy emer-
gencies and on economically justified conservation acti-
vities. Most of all, It was concluded, the success of 
energy planning should not depend on the continuation 
of today's price, supply, and demand trends. If anything 
has been learned about energy in the last ten years, it is 
that today is not a very good indication of what will 
happen tomorrow. 

NATIONAL COUNCIL ON SYNTHETIC FUELS 
PRODUCTION SUPPORTIVE OF THE SPC 

On March 28, 1984 the National Council on Synthetic 
Fuels Production issued a policy statement that strong-
ly endorses the United States Synthetic Fuels Corpora-
tion (SFC) Phase! Program. The Council requests that 
Congress notweaken the SEC, that the President fill 
the vacancies on the SFCs Board of Directors, that the 
SFC expeditousty provide financial assistance to syn-
fuels projects, and that Congress pass tax and regula-
tory policies that contribute to the synfuels industry. 
The Council's policy statement is as follows: 

"The Board of Directors of the National Council on 
Synthetic Fuels Production strongly urges that the 
President, the Congress, and the United States Synthe-
tic Fuels Corporation maintain and exercise the incen, 
tives in current law to foster the development of a 
private sector synthetic fuels industry to serve the 
long-term energy security interests of the United 
States and her oil-import dependent allies. 

Specifically, the Council calls upon the Congress to 
reject any efforts to (1) abolish or weaken the Synthe-
tic Fuels Corporation; (2) rescind or defer any of the 
SFC's funding for project assistance; or (3) otherwise 
interfere with the SFC's ability to negotiate and pro-
vide financial assistance. 

Second, the Council calls upon the President to fill 
immediately the vacancies on the Synthetic Fuels Cor-
poration's Board of Directors with qualified persons 
committed to the goals of the Corporation as enun-
ciated by the Energy Security Act.

Third, the Council calls upon the Board of Directors of 
the Synthetic Fuels Corporation to responsibly, yet 
expeditiously, exercise its authority to provide financial 
assistance for synthetic fuels projects which will pro-
vide commercial scale experience with a diversity of 
technologies for producing synthetic fuels from the 
Nation's coal, shale, and tar sands deposits. 

Fourth, the Council urges Congress and the Administra-
tion to pursue consistent tax and regulatory policies 
that will contribute to the timely development of a 
synthetic fuels industry. 

Finally, the Council calls upon the Congress, the Ad-
ministration and the American people to recognize 
that, following the energy turmoil of the 1970s, 
America is now well on the way toward a balanced 
energy security policy that should serve her well not 
only in the short-run, but over time as well. That 
policy provides for: 

• Creating a foreign and defense policy that 
seeks to assure a continued now of oil from the 
Middle East. 

• Relying on diversity of supply and market 
forces to encourage cost-efficient conserva-
tion, to spur the search for new energy sources, 
and to allocate supply. 

• Creating and maintaining a substantial Strat-
egic Petroleum Reserve. 

• Implementing the Energy Security Act of 1980 
to assist the energy industry in making the 
long-term orderly transition from incresing oil 
Import dependence to Increased reliance on 
liquid and liquid-replacing fuels from domestic 
coal, oil shale, and tar sands resources. 

The Council pledges its assistance to the Congress, the 
President and the United States Synthetic Fuels Cor-
poration in support of a continued balanced energy 
security policy for the United States that includes 
vigorous implementation of the Energy Security Act to 
foster development of a United States synthetic fuels 
industry." 
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ECONOMICS 

GOOD COST ESTIMATES FOR SYNFUELS PROJECTS 
ARE NECESSARY, BUT DIFFICULT TO PRODUCE 

William Bivens, Project Manager of the Tennessee 
Valley Authority (TVA) Office of Coal Gasification, 
recently summarized TVA's experience in estimating 
costs of a synfuels project. His paper, entitled "Cost 
Estimates for a Commercial Scale Synfuel Project," 
was presented at the 7th Annual Energy-Sources Tech-
nology Conference in New Orleans, Louisiana on Feb-
ruary 13, 1984. Although the paper contained specific 
information concerning the North Alabama Coal-to-
Methanol Project (NACMP), the intent was to define 
and characterize cost estimates for any commercial 
scale synluels project. 

In its present configuration, the NACMP is designed to 
convert 3,400 tons per day of coal to approximately 
210 million gallons per year of methanol. The project 
started in late 1979 based on a congressional appropria-
tion for TVA to develop a commercial-scale coal gasif F 
cation plant. In early 1981 it was decided to convert 
the project to private ownership, and a consortium of 
private companies was established. The consortium is 
partially formed and is working with TVA to obtain 
United States Synthetic Fuels Corporation (SFC) finan-
cial support. TVA has provided the project manage-
ment and funds for most project activities to date. 
TVA's investment will be repaid from plant revenues. 
The plant is expected to be operational in mid-1988. 

Development of the plant configuration is summarized 
in Table 1. Initially, the primary purpose of the project 
was to demonstrate that a commercial sized gasifica-

tion plant could be successfully constructed and opera-
ted in the United States. However, with the shift 
toward private ownership, emphasis switched to finding 
financial support and marketing of the product(s) and 
by-product(s). As the energy market began changing in 
1981, the project focused on an end product (methanol) 
rather than the intermediate product, medium-BTU gas. 
The most recent configuration change in gasification 
technology from Koppers-Totzek to Texaco was made 
to take advantage of significant capital investment and 
operating cost advantages. 

In summary, the project has evolved from TVA toward 
private ownership. The size of the plant has changed 
from four modules of 32 gasifiers processing 
20,000 tons per day of coal to the present five gasifiers 
and 3,400 tons per day size. The product slate has 
changed from medium-BTU gas, SNG, SNG and 
methanol, to the present methanol only. Through these 
various plant configurations, several capital and operat-
ing cost estimates have been prepared to meet the 
various needs of TVA, the consortium, and the SFC. 
The major cost estimates for the NACMP are sum-
marized in Table 2. 

Conceptual study estimates were prepared in early 1980 
by each study contractor for each gasification process. 
Capital and annual operating cost estimates were based 
on preliminary major equipment costs and broad exten-
sion factors. The estimate accuracy was considered to 
be in the plus or minus 30 to 40 percent range. 

TABLE 1

PLANT CONFIGURATION DEVELOPMENT FOR THE NACMP 

Date 

Original Project Inception 
Concept thru 3-81 

Rev. 1 3-81 

Rev. 2 7-81 

Rev. 3 11-81

Rev. 4	 6-83 
Rev. 5	 1-84

Plant Capacity

4 Modules (20,000 T/D) 

2 Modules (10,000 T/D) 
Provisions for 2 Addi-
tional Modules 

2 Modules (10,000 T/D 
Provisions for 2 Addi-
tional Modules 
1 Module (5,000 T/D) 
Second Module at Later 
Date 

1/2 Module (3,000 T/D) 
1/2 Module (3,000 T/D)

Plant Product 

SNG, MEG for 
Chemical Feedstock 
and Industrial 
Gas 

50% MUG, 50% SNG Texaco/K-T

Project 
Owner 

TVA 

Private Consortium 

Gasification 
Technology 

Texaco/K-T 

Methanol, SNG as K-T Private Consortium 
Load Leveler 

100% Methanol K-T Private Consortium 

100% Methanol K-T Private Consortium 
100% Methanol Texaco Private Consortium
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TABLE 2 

MAJOR COST ESTIMATES FOR THE NACMP 

Date Cost Estimate Capacity and Product 

October 1979 Early Feasibility/Economics 20,000 TPD-4 Modules-MEG 
July 1980 Conceptual Study (Alter 20,000 TPD-4 Modules-MEG 

natives) 
March 1981 Conceptual (2 Options) 10,000 TPD-2 Modules-MBG 

and SNG 
December 1981 Conceptual /-30% 5,000 TPD-1 Module-Methanol 
April 1982 Preliminary	 /-18% 5,000 TPD-1 Module-Methanol 
November 1982 Design	 /-15% 5,000 TPD-1 Module-Methanol 
June 1983 Prorata Design 41-20% 3,000 TPD - 4/7 Module - 

Methanol 
July 1983 Prorata Design	 /-15% (?) 3,000 TPD - 4/7 Module - 

Methanol 
January 1984 Revised Design +1-15% 3,000 TPD - 4/7 Module - 

Methanol 
Mid-1985 Definitive +1-7% 3,000 TPD - 4/7 Module - 

Methanol

A conceptual estimate was made in early 1981 to 
support the first SFC application. The capital and 
operating estimates were based on slightly better 
equipment specifications, some informal quotes from 
vendors, and factors to reach the total cost estimate. 
The accuracy of the estimate was approximately plus or 
minus 30 percent. 

A preliminary estimate was prepared in April 1982 to 
support another project application to the SFC. Engi-
neering and design was approaching 15 percent, result-
ing in more equipment definitions, site and plot plans, 
and more issued engineering documents. Total con-
struction cost estimates resulted from the application 
of more specialized factors. The estimated accuracy 
was considered to be approximately plus or minus 
25 percent. 

A design cost estimate, which was completed in Nov-
ember 1982, included material and equipment estimates 
from engineering take-offs, equipment specifications, 
vendor bids, and modular estimating systems (comput-
erized). The process licensors provided complete in-
stalled cost estimates for their process units. Estimate 
accuracy and contingency were established on a unit-
by-unit basis, and the overall estimate was assigned a 
plus or minus 15 percent reliability. It met SFC level 
11/rn requirements. 

A revised design cost estimate for the reduced size 
plant was prepared by January 1984 to substantiate 
"prorated" estimates made in the summer of 1983. 
Engineering design of several critical units and overall 
progress of design in general enabled this estimate to 
be assigned an accuracy of plus or minus 10 percent. 

A breakdown of direct construction costs for each of 
the major components of the NACMP is shown in 
Table 3. Additionally, Figure 1 presents TVA's exper-

ience In the economy of scale of a synfuel project. On 
the figure, four points show the effect of plant produc-
tion rate on capital cost and product cost for the 
NACMP. In addition, costs for four other synfuel 
projects (labeled as Projects A through Dl are shown on 
the figure for reference. 

Mr. Bivens concluded with the following observations 
based on TVA's experience with the NACMP: 

• Synfuel projects are energy conversion projects 
that are both capital intensive and operating 
and maintenance cost intensive. Major plant 
configuration changes can be expected as new 
or better market opportunities are identified. 

• The changing energy scenario with much lower 
inflation rates has made the projects marginally 
economical, and investors will look to the SFC 
for financial support. 

• SFC involvement in the synfuel project is ne-
cessary, but complicates the project cost esti-
mating process through specific requirements, 
definitions, and extensive reviews. SFC in-
volvement may also require additional trade-off 
studies of capital and operating cost elements. 

• Significant portions of synfuel plants are "pio-
neering" in nature, with no established data 
base for past projects, thus causing undue opt-
imism at the conceptual estimating phase. 
Furthermore, comparison with other synfuel 
project estimates will be difficult due to their 
formulative nature and proprietary aspects. 
This lack of historical costs may also lead to a 
greater amount of backup and review for esti-
mates than otherwise necessary. 

• Many synfuel projects, as they evolve in search 
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TABLE 3 

NACMP DIRECT CONST
	

COSTS
(Percent) 

Plant
	

Con-	 Equip-
Costs	 struction	 rnent	 Materials 

Air Separation 
Coal Handling & Preparation 
Gasification & Compression 
Acid Gas Removal/Sulfur 

Recovery/Tail Gas Treatment 
Methanol Synthesis 
Effluent & Solid Waste Treatment 
Utilities & Common Systems 
Plant Facilities 
Administrative Complex 

Total Plant 

8 19 64 17 
13 38 35 27 
19 36 42 22 
12 28 43 29 

6 32 49 19 
13 45 32 23 
20 38 35 27 

7 63 2 35 
2 74 3 23 

100 38 35 27 

FIGURE I 

SYNFUELS PLANTS ECONOMY OF SCALE 
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of technological and economic advantages, 
seem to present a "moving target" in project 
definition. This project characteristic leads to 
more than the normal number of cost estimates 
for a more established industry. Therefore, the 
total expenditures for preparation of cost esti-
mates can be expected to be proportionally 
higher for a synfuel project. 

• A consortium approach to providing the re-
quired equity seems to be almost necessary. A 
consortium will have an impact on project cost 
estimates because of the various companies' 
unique interests, diverse views, and vested in-
terests. 

• Several of the above factors combine to empha-
size the inherent risk of current synfuel pro- 
jects. The lack of a United States data base,

the submarginal economic viability, market 
price fluctuations, the use of federal financial 
assistance, the high investment and operating 
costs, and the intricacies of a newly formed 
consortium compound the assessment of project 
risks. This leads to establishing 'appropriate" 
contingencies that give the owners a feeling of 
protection and yet do not preclude the project 
from proceeding. Development of an "appro- 
priate" contingency level will likely require a 
sophisticated computer model using a Monte-
Carlo type analysis. 

• Computer-based estimating systems that ex-
tend the detail of material, equipment, and 
labor estimates should be used to the maximum 
extent because representatives of the consor-
tium partners and the SFC are likely to review 
estimates in unusual detail. 

TWO TYPES OF SYNFUELS INVESTORS DESCRIBED 

Mr. Ronald A. Zanoni of Kidder, Peabody & Company, 
Inc., recently described the types of investors that get 
involved in synthetic fuels projects. His comments 
were made at a roundtable discussion concerning finan-
cial considerations of large synfuels projects presented 
at the 7th Annual Energy-Sources Technology Confer-
ence and Exhibition on February 12, 1984. Mr. Zanoni 
observed that there are two types of synfuels project 
investors—passive and active. 

Passive investors were characterized by Mr. Zanoni as 
being highly adverse to taking risks, as requiring lower 
overall yields on their investments, and as being the 
last to get involved in projects. Sources of passive 
investors include finance companies, leasing arms of 
commercial banks, and insurance companies. 
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Mr. Zanoni described active investors as being less 
adverse to taking risks, as requiring higher overall 
yields (because synfuels projects must compete with 
other projects within a company that may be more 
financially attractive), and as being the type of inves-
tors to first get Involved in projects. Additionally, the 
tax absorption capacity of active investors is an issue. 
Sources of active investors include engineering and 
construction firms, fuel suppliers, technology and 
equipment vendors, and product users. 

Different investors, Mr. Zanoni pointed out, often use 
different techniques for evaluating the economics of a 
project. These techniques include return on equity 
(should be approximately 20 percent), return on 
invested capital (7 to 12 percent), after-tax cash flow 
payback period (2 to 5 years), and book earnings (must 
be negative for only a short period or always positive). 
Another important aspect of synfuels investments 
involves the financial exposure of a company if a 
project is abandoned. As Mr. Zanoni explained, tax 
credit benefits must be repaid if a project is abandoned 
within five years.

#440 
CALIFORNIA EVALUATES COSTS OF 
ELECTRICITY GENERATION 

The California Energy Commission (CEC) is producing a 
biannual report on the levelized costs of electricity

using various generation alternatives. The current 
report, "Relative Cost of Electricity Production" 
(P300 83 010) was released in December 1983. Estimat-
ing the future costs of electricity pt'oduced by various 
generation technologies is crucial to many of the activ-
ities of the California Energy Commission (CRC). For 
example, the CRC is responsible for Independently 
evaluating the economic and environmental implica-
tions of utility supply plans and alternatives; analyzing 
utility proposals to site new power plants and consider-
ing alternatives pursuant to the requirements of the 
California Environmental Quality Act; and analyzing 
future supplies, costs, and consumption rates of elec-
tricity in the various utility service areas. 

Many of the factors affecting levelized cost calcula-
tions are subject to change. Some of these are: tax law 
modifications, fuel costs, escalation series, capital cost 
estimations, and forecasts for fuel supplies. To provide 
levelized costs consistent with the most recent econo-
mic data, CEC updates this document every six months. 

The CEC report presents total levelized costs for 
23 technology fuel combinations all of which could be 
commercially available in 1990. The total cost of 
electricity generation includes three categories of 
costs: capital related expenses, fuel costs, and opera-
tion and maintenance costs (0 & M). Capital expenses 
are fixed costs and are not subject to further escalation 

TABLE 1 

1990 - 2000 COST PARAMETERS FOR ELECTRIC POWER GENERATION 
(1912 Constant Dollars) 

hnt.nt Capital Fuel Total 
Capital Escala- Heat Capacity Coat Lavellzad 

Tachnbioq, (rues) Coat iSo., Rate Factor 1982 Coat (1iUI7RW) (F/ 1V7 (%) (57K4Si (a/KWH) 
Year) KWH) BTU) 

Conventional Steam, 
Residual Oil 895 1.5 9,400 80 4.88 8.7- 8.7 Natural Gas/5N0 695 1.5 9,400 80 4.92 6.2- 8.0 Methanol 654 1.5 9,400 80 7.06 7.1- 8.4 Coal 1,630 1.3 10,125 63 1.79 5.9- 7.5 
Nuclear PWR 1.550-1,870 2.0-14.0 :0,500 60 0.87 4.0- 5.9 
ComrsUoa Turbines 
Distillate 340 1.0 11,000 10 5.52 10.8-13.4 Natural Cas/SNG 350 1.0 11,000 10 4.92 9.4-11.5 
Methanol its 1.0 11,000 10 7.08 10.0-11.5 
Combined Cycles 
Distillate 640 1.5 8,370 70 5.52 6.8- 8.8 Natural Gas/SNG 855 1.5 8,370 70 4.92 5.7- 7.3 Methanol 579 1.5 8,370 70 7.06 8.4- 7.8 1st. Gasifier Coal 1,370 1.5 9,460 80 1.79 4.8- 6.4 
Gthermal: 
Dry steam 530-780 3.0 22,800 80 1.44 4.9- 5.3 
Hydroelectric= 

Conventional 490-1,650 1.0 - 35 - 1.2- 3.8 Peaking 820490 1.0 - 10 - 5.1- 7.0 
Wood Fired Boiler 1,330 1.5 16, 200 80 1.00 3.5- 4.3 
Utility WInd 950-1,400 0 - 35 - 2.2- 3.1 
Solar PhotovoLtales 2,150-3,080 0 22 - 7.4-10.5 
Rfl,oweing (non-ref,eath 
Distillate 41 1.0 8.700 70 8.52 6.8	 9.0 Natural Ges/SNG 41 1.0 8,700 70 4.92 5.8	 7.4 
Methanol 356 1.0 8,700 70 7.06 6.8- 7.7 
Fuel Ceil-Utilftyi 
Natural Gas/sloG 880-1,080 0 8,300 85 4.92 3.3-	 '. 
Methanol 880-1.080 0 8,300 85 7.05 6.4	 .9
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once they are entered into the rate base. Fuel and 
o & M charges are recurring charges and are affected 
by escalation over the life of a plant. Each type of 
expense is converted into a uniform annual equivalent 
amount and then added. The resultant levelized cost 
representsthe constant level of revenue required to 
recover all expenses incurred in constructing and oper-
ating the plant over its economic lifetime (1990 to 
2020). The costs and underlying assumptions, e.g., 
emissions standards, siting policies, etc. are specific to 
California. 

Results 

Table 1 lists the technologies, capital costs, capital 
escalation rate, fuel costs, heat rate, capacity factors, 
and total levelized electricity costs. Note that there 
are different types of power plants represented in 
Table 1. Coal and nuclear power plants are generally 
base load plants; combined cycle plants are interme-
diate load plants; and combustion turbines are peaking 
plants. The results are also shown graphically in 
Figure 1. Conventional hydroelectric and utility wind

FIGURE 1 
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technologies give the lowest cost electricity.	 The
peaking units, as expected, provide the highest cost 
electricity. Integrated coal gasification-combined 
cycle is forecasted to produce the lowest cost electri-
city of the coal-based technologies. A broad spectrum 
of technologies gives electricity costs in the 5 to 
7 cents per KWH range. 

FIGURE 2 

CONTRIBUTION OF CAPITAL, FUEL, AND O&M 
COMPONENTS TO LEVELIZED COST 
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Figure 2 shows the percentage contribution of capital 
fuel and 0 & M expenses. Solar, wind, and hydroelec-
tric have no fuel charges but have a high percentage of 
capital related expense. The natural gas and oil-based 
technologies have high percentages of fuel charges. 

Cost Uncertainty 

Uncertainty in capital related charges stems from two 
sources:financial factors and capital cost estimations. 
The financial factors include the escalation in plant 
costs over time and interest rates. Capital cost uncer- 
tainty can arise from (1) changes in project specifica-
tions, (2) site specific influences, (3) technological 
maturity, and (4) the level of production. 

The future costs of fuels are especially uncertain 
because price changes occur not only due to technologi-
cal reasons but also because of market pressures, such 
as: political forces, interrelationships among different 
fuels, economic climates, etc. In addition, fuel prices 
must be estimated for up to about 40 years (including 
the plant construction and operation period). In con-
trast, capital costs need only be projected to 1990, the 
date of assumed initial plant operation. 

For this report, the cost of methanol produced from 
coal was estimated. The CRC staff assumed that the 
synthetic fuel production facility will be owned by a 
utility so that the fuel price equals its production cost 
including an allowed return on investment. A synthetic 
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fuel is the product of a capital-Intensive production 
process. Consequently, once the fuel production facil-
ity is constructed, a large portion of production costs is 
not subject to future escalation. Thus, the effect of a 
future increase in the coal feedstock cost component 
would be countered by a decrease in the fixed charge 
component as the capital portion of the facility depre-
ciates. Under the assumption of utility ownership, the 
future price variability of synthetic fuels (once the 
production facility is constructed) is likely to be less 
than for conventional fuels since the fixed capital costs 
buffer variations in feedstock costs.
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TECHNOLOGY 

ZSM-5 CATALYSIS IMPROVEMENTS SHOW PROMISE 

Mobil's ZSM-5 catalysts are most often referred to in 
relation to the methanol-to-gasoline (MTG) technology. 
However, this class of catalysts can be used to utilize 
different feedstocks and to produce different products. 
Mobil is presently testing advanced concepts to utilize 
the catalysts in various configurations. These tests 
were recently summarized by Wooyoung Lee at the 
Energy Technology Conference on March 19, 1984. The 
title of the paper is "Transportation Fuels from Synthe-
sis Gas Via ZSM-5." 

Existing Technology 

The ZSM-5 catalyst is a shape-selective synthetic zeo-
lite that has been in use in the refining industry since 
the mid-1970s. Processes using the catalyst include: 

• Distillate dewaxing 
• Xylene isomerization 
• Toluene disproportionation 
• Ethylbenzene synthesis 
• Lubricating oil dewaxing. 

In the synthetic fuels industry, the ZSM-5 catalyst is 
used to produce gasoline from methanol (the MTG 
process). The MTG process will soon be used in its first 
commercial application in a plant currently being con-
structed in New Zealand. This plant, scheduled for 
completion in 1985, will produce gasoline from 
methanol derived from natural gas. It will produce 
about 570,000 tonnes per year (14,000 barrels per 
stream day) of unleaded gasoline. 

At MTG conditions, almost no hydrocarbons higher than 
C10 are produced due to the shape selectivity of 
ZSM-5. Although higher molecular weight compounds 
may be formed within the catalyst channels, they do 
not escape due to the spatial hindrance of the catalyst 
structure. Thus, the gasoline yield is extremely high 
(about 85 percent of hydrocarbon) and only minimum 
upgrading is required.

FIGURE 1 

FIXED-BED MTG
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Present MTG processes utilize fixed-bed reactors be-
cause the technology is simple and is readily scaled up 
to commercial size. As shown in Figure 1. the fixed-
bed MTG process is divided into two steps. In the first 
step, methanol is partially dehydrated to form an 
equilibrium mixture of methanol, dimethyl ether and 
water. In the second step, this equilibrium mixture is 
converted to hydrocarbons and water over ZSM-5 cat-
alyst. Although this two-step approach is simple, 
85 percent of the reaction heat most be removed in the 
second reactor. This requires a high recycle stream to 
moderate the temperature rise over the ZSM-5 cata-
lyst. Typical operating conditions and product yields 
are shown in Table 1. 

Mobil developed the fixed-bed process in bench scale 
units and a 4 barrel per day pilot plant. Concurrently, 
Mobil decided to develop a fluid-bed process that may 
offer possibly higher gasoline yield, more efficient heat 
recovery, and economy of scale. Consequently, a scale-
up project of the fluid-bed process to a 100 barrels per 

TABLE 1 

PROCESS CONDITIONS AND PRODUCT YIELDS 
FROM THE FIXED-BED MTG PROCESS 

Conditions 
Methanol/Water Charge (w/w) 82/17 
Temperature (°C) Dehydration Reactor 316/404 

Inlet/Outlet 
Conversion Reactor Inlet/Outlet 360/415 
Pressure (kPa) 2,170 
Recycle Ratio (mol/mol charge) 9.0 
Space Velocity (WI-ISV) 2.0 

Yields (Weight Percent of Methanol Charged) 
Methanol+ Ether 0.0 
Hydrocarbons 43.4 
Water 56.0 
Carbon Monoxide, Carbon Dioxide 0.2 
Coke, Other 0.4 

Total	 100.0 

Hydrocarbon Product (Weight Percent) 
Light Gas 1.4 
Propane 5.5 
Propylene 0.2 
Iso-Butane 8.6 
Normal Butane 3.3 
Butenes 1.1 
C5+ Gasoline 79.9

Total	 100.0 

Gasoline (Including Alkylate)	 85.0
(RVP-62 kPa (9 psi)) 

LPG	 13.6 
Fuel Gas	 1.4 

Total	 100.0 

Gasoline Octane (R + 0) 	 93 

1-35	 SYNTHETIC FUELS REPORT, JUNE 1984 



day fluid-bed pilot plant was initiated in 1980. This 
project is a joint effort of URBI{, Uhde, and Mobil, 
supported in part by the United States Department of 
Energy and the German government. The reactor 
system of the 100 barrels per thy pilot plant is shown in 
Figure 2. 

FIGURE 2 

100 B/D FLUID-BED MTG PLANT 
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The pilot pilot plant reactor consists of a dense fluid-bed 
section (60 centimeters ID x 13.2 meters high) located 
above a dilute phase riser. Two methods of removing 
reaction heat (circulation of catalyst through an exter-
nal catalyst cooler and internal heat exchange pipes 
immersed in the dense bed reactor) will be studied in 
the pilot plant. To maintain catalyst activity, a small 
fraction of "coked" catalyst will be continuously regen-
erated and returned to the reactor. 

The 100 barrels per day MTG pilot plant in Germany 
was started up in mid-December 1982 and the initial 
3 months of operation exceeded the goals. Complete 
methanol conversion was maintained throughout the run 
with gasoline selectivity, including alkylate, greater 
than 88 weight percent of hydrocarbons produced. 
Operation of the plant in the external cooling mode has 
demonstrated the viability of the concept. In the last 
quarter 1983, the unit was modified to operate in an 
internally cooled mode which will be tested in 1984. 

Advanced Concepts 

In addition to the production of gasoline, the production 
of diesel fuels and chemicals using MTG-related tech-
nology is possible. In the reaction steps involved in 
methanol conversion to hydrocarbons, light olefins form 
first as intermediate products. As the reaction pro-
ceeds, these light olefins react further to form the 
gasoline components. 

By modification of catalyst and/or process conditions, 
high selectivity to light olefins can be achieved. Mobil 
believes this process is perhaps the most promising new 
route for the production of ethylene from synthesis gas. 

Additionally, Mobil has achieved up to 80 percent yield 
Of C2-05 olefin products in pilot plant studies. These 
olefins can then be converted to high quality distillates, 
thus enabling coproduction of gasoline and distillate

fuels from methanol. Engineering and development 
studies are in progress to evaluate these concepts. 

The MTG technology can also be applied to the conver-
sion of coal to liquid hydrocarbons by replacing steam-
reforming of natural gas with coal gasification and 
synthesis gas purification. The subsequent steps of the 
MTG route remain intact. However, a research guid-
ance study conducted for DOE to assess this technology 
for gasoline from coal revealed the following: 

• Coal-derived gasoline is much more expensive 
than conventional gasoline 

• Coal-to-gasoline plants are highly investment 
Intensive with about 80 percent of the capital 
for the gasification, oxygen, and purification 
sections. 

From this study, Mobil concluded that any significant 
cost reduction of coal-derived gasoline will come from 
the upstream gasification and related facilities, not the 
methanol synthesis and MTG portion. Therefore, a 
subsequent study was conducted to evaluate various 
coal gasification techniques. 

The second study found that advanced gasifiers present-
ly under development are generally more energy-effi-
cient than the conventional gasifiers. The better 
energy efficiency results from improved heat integra-
tion and more efficient usage of steam and oxygen. 
The major consequence of the reduced steam usage is a 
lower hydrogen/carbon monoxide ratio in the synthesis 
gas (0.5 to 0.6 hydrogen/carbon monoxide syngas for 
BG-Lurgi stagger and Texaco compared to .2.0 hydro-
gen/carbon monoxide from Lurgi Dry Ash). Syngas 
conversion processes must be able to effectively use 
these low hydrogen/carbon monoxide ratios. Otherwise, 
the syngas must undergo a water-gas shift reaction to 
produce additional hydrogen, and the projected advant-
ages gained from the improved efficiency in gasifica- 
tion will be reduced significantly. For example, the 
hUG route would require the hydrogen/carbon mon-
oxide ratio of syngas to be increased from 0.5 to 
greater than 2. 

An alternative to adjusting the hydrogen/carbon mon-
oxide ratio has been developed by Mobil. This techno-
logy, referred to as the Mobil Fischer-Tropsch (MFT) 
process, utilizes a two-stage scheme to convert low 
hydrogen/carbon monoxide synthesis gas into hydrocar-
bons. As shown in Figure 3, the synthesis gas is first 
converted into hydrocarbons and oxygenates in a slurry 
Fischer-Tropsch reactor. The entire reactor effluent of 
this first reactor is upgraded in a second fixed-bed 
ZSM-5 reactor. The slurry Fischer-Tropsch reactor 
provides good temperature control which is critically 
needed to prevent excessive carbon formation when low 
hydrogen/carbon monoxide ratio syngas is used. Good 
control of temperature also reduces the formation of 
methane and ethane, and increases liquid hydrocarbon 
yields. The slurry Fischer-Tropsch reactor also pro-
vides a high single-pass conversion of syngas, which 
results in little or no gas recycle and more efficient 
heat recovery. 

However, the raw Fischer-Tropsch products are low in 
gasoline yield and low in quality because of the large

- 

1-36	 SYNTHETIC FUELS REPORT, JUNE 1984 



WAX 

SLURM 
REACTC 

SYNTHES
GAS

MOBIL FISCHER-TROPSCH/ZSM-5 PROCESS
(Maximum Gasoline Mode) 

Maximum 
Gasoline 

Yield (Weight. Percent) 

Fuel Gas 10.8 
Iso-Butane (2.2) 
LPG 7.2 
10 RVP Gasoline 75.6 
Distillate 0.6 
Reactor-Wax 8.0

DUCTS 

quantities of light olefins, heavy hydrocarbons, and 
oxygenates produced. Thus, extensive refining facili-
ties are required to upgrade the raw products. In the 
MET concept, this upgrading will be accomplished in 
one single step over ZSM-5 catalyst. 

FIGURE 3

TWO-STAGE MFT PROCESS FOR CONVERSION

OF SYNTHESIS GAS TO GASOLINE

alkylates) was about 84 weight percent. However, 
about 8 percent was reactor-wax which remained in the 
slurry Fischer-Tropsch reactor, and thus was not up-
graded in the ZSM-5 reactor. This high yield of 
reactor-wax under maximum gasoline mode was unex-
pected, but the reactor-wax may provide an excellent 
source for good quality distillate fuels. 

TABLE 2 

FIRST STAGE	 SECOND STAGE 

(FISCHERTROPSCH (PRODUCT UPGRADING) 
SYNTHESIS) 

With DOE's financial support, the MET process is pre-
sently under development using an integrated bench-
scale pilot plant. The major feature of this pilot plant 
is a 5 centimeter ID x 7.6 meter slurry Fischer-Tropsch 
reactor. The experimental results obtained so far have 
exceeded the original goals. 

The slurry Fischer-Tropsch reactor demonstrated: 

• Long-term stability of an Fe/Cu/K2CO3 
Fischer-Tropsch catalyst over about 3 months 
on-stream. 

• High gas throughput rates at greater than 
90 percent carbon monoxide conversion. 

• Total cumulative hydrocarbon production per 
gram of iron greater than 800 grams, which far 
exceeds those reported in the literature (ca, 
400 to 500 grams per gram iron). 

• Smooth slurry reactor system operation with 
good temperature control and a uniform tem-
perature profile. 

The second stage ZSM-5 reactor demonstrated: 

• Satisfactory gasoline selectivity and quality 

• Good catalyst regenerabiity and long-term 
stability. 

Typical hydrocarbon selectivities for the MET process 
in the maximum gasoline-mode are shown in Table 2. 
The methane plus ethane yield was consistently below 
12 weight percent and the C5 liquid yield (including

Total	 100.0 

Gasoline + Heavy Liquid	 84.2 

*Imported for alkylation 

Mobil plaits to extend these technologies to other 
product areas, such as adapting both the MTG and MET 
processes for coproduction of gasoline and distillate, 
and perhaps chemicals as well as lube oils. They 
believe the ZSM-5 catalyzed synthesis gas conversion 
technology, whether the desired product is gasoline, 
diesel, jet fuel, or ethylene for petrochemicals, will 
provide opportunities for synfuels in the coming de-
cades. 

CANADIAN REFINERIES WILL HAVE TO ADAPT 
TO SYNTHETIC CRUDES 

Continuing developments in Canada make it obvious 
that synthetic crudes will form a larger part of the 
available domestic feedstock for refineries. The over- 
all impact of tar sands derived synthetic crudes on 
Canadian refineries to date has not been large, and 
individual refineries seldom handle more than 30 per-
cent syncrude. However, some refineries processing 
increasing amounts of synthetic crudes have exper-
ienced operational difficulties and problems with qual-
ity control in meeting product specifications. Some of 
these problems were addressed by C. Young and 
F. Dautzenberg of Shell Canada at the 11th World 
Petroleum Congress. 

The most troublesome property of the current tar sane 
derived synthetic crude is the high cyclic content, 
particularly aromatic structures. This is manifested by 
its low hydrogen content and high density, in spite of

-

- 
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the residue free composition. The sulfur content is low 
as a result of severe hydrotreating in the upgrader. The 
nitrogen, on the other hand, while not unreasonably 
high, is refractory and concentrated In the gas oil 
fraction. 

Because synthetic crude gives much higher yields of 
middle distillate and gas oil, refineries may find their 
distillation columns unable to handle the extra volume 
in those cuts without loss of throughput or sharpness of 
cut. 

Syncrude from coked bitumen has no residue and cannot 
be used for asphalt production itself. However, some 
refiners co-process heavy asphalt crude with synthetic 
crude to maintain light oil production while producing 
asphalt. This may have a detrimental effect on the 
viscosity/penetration relationship of asphalt. Such syn-
thetic and asphaltic crude mix also seems to cause oil 
separation problems in desalting and requires different 
additives for optimum desalting. 

Synthetic naphtha has high paraffins content. Even 
hydrocracker naphtha from synthetic crude sources is 
high In naphthenes. These naphthas require reforming 
for significant octane improvement, and some refiner-
ies may experience interstage heating problems in their 
reformers. Since synthetic crude is low in naphtha, 
some refiners must hydrotreat and reform catalytic 
cracker naphthas, further straining their reformer cap-
acities. 

The kerosene fraction from synthetic crude has high 
aromatics and low smoke point. Some refineries with 
high jet fuel requirements are restricting the concen-
tration of synthetic crude in the feed mix to as low as 
10 volume percent maximum to ensure that the jet fuel 
specifications are met. 

Synthetic middle distillates have high aromaticity and 
poor cetane. This is further aggravated by the poor 
cetane quality of catalytic cracked gas oils (cetane 
number less than 15) from synthetic crudes. As a 
result, most refiners must restrict their synthetic crude 
to less than 30 volume percent. 

As the percentage of synthetic crude in the refinery 
continues to increase, the middle distillate cetane defi-
ciency may become an even more serious problem than 
jet fuel aromatics limitation, since cetane improvement 
by aromatics removal requires very severe hydrogena- 
tion. Synthetic middle distillates do respond well to 
ignition improvers and flow improvers. This makes it 
possible to blend with higher pour, higher cetane con-
ventional gas oils and allows some extension in diesel 
fuel yield. Cetane index, however, does not correlate 
well with cetane number for synthetic middle distil-
lates. Without a reliable octane control test, refiners 
have to blend well above product cetane target to be 
assured of meeting specifications, thus leading to non-
optimum operation. 

Hydrocrackers help to alleviate the aromaticity and 
cetane problems. However, the hydrocracker itself is 
adversely affected by the refractory nitrogen contami-
nants in synthetic material. A much higher tempera-
ture is required for denitrogenation. For typical hydro-

crackers, a synthetic diet of 20 to 30 volume percent is 
acceptable. Some hydrocrackers have cracking cataly-
sts that are very sensitive to nitrogen. In this case, 
synthetic material cannot be tolerated without through-
put loss or product degradation. 

A serious problem in processing the current synthetic 
crudes is the large variance in crude quality. 

The authors conclude that the Canadian petroleum 
industry will have to modify existing refineries to 
process additional quantities of synthetic material or 
build new ones specifically to process large quantities 
of these future crudes. 

They believe that coking will continue to be used for 
tar sands or heavy residual oil upgrading in the new 
future. However, because of coking's relatively low 
total liquid yield, alternative upgrading routes such as 
hydrogen addition are more likely to be used later. 

It will be necessary to determine whether further 
quality upgrading can be more effectively achieved by 
the synthetic crude producers or the downstream re-
finers. Smaller scale upgraders may become attractive. 
It is expected that there will be a wide geographical 
distribution of synthetic crude to minimize the impact 
of product quality in specific regions. 

UNION DESCRIBES SHALE OIL UPGRADING 
APPROACH 

Petroleum residues, bitumens, and shale oil all differ 
substantially with respect to properties which influence 
the choice of an upgrading process. The most impor-
tant of these properties are: 

• Amounts and types of heteroatom compounds 

• Amounts and types of metal contaminants 
• Hydrogen content 

• Solids contaminants 

• Coking tendencies 

• Relative paraffin, olefin, aromatic, asphaltene 
contents. 

A paper from Union Oil Company at the 11th World 
Petroleum Congress described how the interplay of 
these factors led to the design of the upgrading plant 
for Union's 10,000 barrels per day Parachute Creek 
Shale Oil Project. 

Feedstock Comparisons 

Compared with crude petroleum feeds, bitumen, shale 
oil, and petroleum residues have higher densities, are 
more viscous, and contain compounds that can rapidly 
deactivate hydroprocessing catalysts. Molecular 
weights are high and hydrogen contents are low. Two 
common types of residues are: high sulfur, low metals 
residues and high sulfur, high metal residues. 
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The former is represented by Kuwait residue. The 
sulfur and nitrogen contents of this material are high, 
and non-distillables can be as high as 50 percent. 
Metals are low enough to permit catalytic processing. 
The refining requirements are: conversion of non-distil-
lables, sulfur removal, and nitrogen removal. 

The high sulfur, high metals Maya residue, which is 
representative of a broad class of crudes found in many 
regions of the world, is low In gravity, 50 percent 
higher in Conradson carbon, much higher in metals, and 
has 20 percent more distillables. The refining require-
ments for high sulfur, high metals residues are: conver-
sion of non-distillables and removal of sulfur, nitrogen, 
and metals. 

While the asphaltenes and total metals levels of Canad- 
ian bitumens are similar to petroleum residues, nickel is 
a higher proportion of the metals and requires more 
severe processing. Sulfur and nitrogen levels for bitu-
mens are in the same range as for many residues. An 
added problem with most tar sand bitumens Is the fine 
solids (clays) that must be removed before catalytic 
processing. 

Shale oil by comparison is very low in asphaltenes and 
has little or no vacuum residue. Its vanadium and 
nickel levels are low, but it has about 50 ppm of arsenic 
(a known catalyst poison) which must be removed 
before hydroprocessing. Shale oil pour-points are high 
because of high paraffin contents, rather than asphal-
tenes. Sulfur is Low but high nitrogen levels require 
severe hydrotreating for removal. Shale oil ordinarily 
contains fine solids carried over from the retorting 
step. This requires an additional processing step. 

Characteristics of the various feedstocks discussed are 
shown in Table 1.

TABLE 1

PROPERTIES OF FEEDSTOCKS

Residual Alberta Shale 
Kuwait Bitumen Oil 

Specific Gravity 0.9725 1.011 1.030 0.9206 
Sulfur, Wt % 4.3 4.4 4.9 0.8 
Nitrogen, Wt% 0.25 0.54 0.40 1.80 
Conradson Carbon, 10.4 15.1 18.5 2.1 

Wt % 
Metals, WPPM 

Nickel 17 80 106 - 
Vanadium 53 420 250 - 
Arsenic - - - 50 

Pow Point, °C (4) +0.6 +10 +15.5 
Hydrogen, Wt% 11.6 11.4 10.6 12.0

Process Technology 

The asphaltenes, with their associated metals, are re-
sponsible for the major problems encountered in the 
conversion of heavy oils, i.e., coke formation and 
catalyst poisoning. Petroleum residues and bitumen can 
be upgraded by either rejecting carbon, or adding 
hydrogen. 

Examples of carbon rejection include delayed coking, 
fluid coking, solvent deasphalting, and some of the 
newer catalytic cracking technology, such as the Kel-
logg HOC Process and Engelhards ART Process. Exam-
ples of hydrogen addition include residual hydroproces-
sing with fixed catalyst beds, or with ebullating beds. 

Combinations of carbon rejection and hydrogen addition 
are often used commercially. Examples areS. coking 
followed by hydrotreating and coking followed by 
hydrocracking. Other examples include desulfurization 
of atmospheric residual followed by either coking, sol-
vent deasphalting of the vacuum pitch, or fluid cataly-
tic cracking. 

The carbon rejection techniques are the most flexible 
as most feeds can be accommodated. Unfortunately, 
product qualities and yields of light products are low. 

Compared with the carbon-rejection processes, hydro-
gen addition techniques provide much higher yields of 
distillate products. The major limiting factors for 
direct hydrotreating of residues and bitumen are the 
levels of metals and asphaltenes in the feed which 
result in catalyst poisoning. In general, it becomes 
economically unattractive to fully process a residue or 
bitumen by fixed-bed hydroprocessing when the metal 
and asphaltene levels exceed about 250 wppm and 
15 weight percent. 

Compared with residue, hydroprocessing of bitumen 
presents other challenges. Bitumen has a higher speci-
fic gravity and higher concentrations of ash, asphal-
tenes, and metals. Today, coking is the preferred 
process for upgrading bitumen. The coker distillates 
are then hydroprocessed using conventional methods. 

Union's Shale Oil Process 

Crude shale oil's undesirable characteristics are high 
concentrations of ash, arsenic, oxygen, and nitrogen. 
Although the upgrading combination of coking and 
hydroprocessing used for bitumen can also be used to 
upgrade shale oil, Union Oil has successfully demon-
strated a new process combination. The full-range, 
crude shale oil is deashed, dearsenited, hydrotreated, 
and then selectively hydrocracked. Union states that 
product oil yields, especially the middle distillate frac-
tion, are much higher with this process technology. The 
individual upgrading steps are shown in Figure 1. 

In the first step, fine shale particles are removed from 
the crude shale oil by electrostatic deashing. Arsenic is 
removed in the second step by contacting the oil with a 
proprietary nickel-containing catalyst at temperatures 
in the range of 288° to 343 0C in the presence of 
hydrogen at moderate pressure. The effluent oil has an 
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arsenic concentration of less than 0.5 wppm. The 
damned, dearsenited oil is then further upgraded by the 
Unlcracking/DW process. This is a combination hydro-
treating and selective hydrocracking process which re-
duces the concentrations of nitrogen, oxygen, sulfur, 
olefins and aromatics, reduces carbon residue and 
lowers the pour-point. Conventional processing equip-
ment is used at moderately severe conditions, i.e., 10.3 
to 13.8 MPa (1,500 to 2,000 psig) and 370° to 4750C. 
The tJnicracking/DW process permits the pour-point of 
the syncrude to be decreased substantially, even below 
minus 18°C, with only a small increase in hydrogen 
consumption. 

The yields and product properties from crude shale oil 
are shown in Table 2. The overall product yields are 
also shown in Table 2. Overall product yields are about 
the same as those obtained from Kuwait residue. The 
naphtha is an excellent reformer feedstock because of 
its high naphthene and aromatics contents compared 
with most conventional naphthas. The jet and diesel 
fuels have excellent burning and cold now properties. 
Sulfur and nitrogen contents of the naphthas and jet 
fuel are all less than 1 wppm and the diesel product 
sulfur and nitrogen levels are less than 10 and 20 wppm, 
respectively.

TABLE 2 

SHALE OIL PRODUCT
YIELDS AND PROPERTIES 

Specific 
Yield	 Gravity	 Miscellaneous 

(Vol %)

Light Naphtha 13 
Heavy Naphtha 23 
Jet Fuel 45 
Diesel Fuel 28

	

0.67	 83 RON Clear 

	

0.74	 47/45/8 PNA 

	

0.80	 -51°C Freeze Point 

	

0.84	 S4CetaneIndex
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INTERNATIONAL 

WHY ARE CANADIAN PROJECTS ACCELERATING 
WHILE UNITED STATES PROJECTS ARE DYING? 

Cancellation of the Alsands and Cold Lake mega pro-
jects in Canada occurred in the same time frame as the 
cancellation of the Colony- oil shale project and other 
synthetic fuel mega-projects in the United States. 
Since then, however, Canadian activities, particularly 
for modular in situ projects have picked up (see article 
elsewhere in this issue) while United States projects 
have fallen back to a position of life-or-death depend-
ence on the United States Synthetic Fuels Corporation. 
Why the difference? 

On the face of it, one might expect the opposite 
results. The Canadian oil industry is still operating 
under the widely vilified National Energy Program, 
which attempts to control domestic oil prices at less 
than world prices. The government program to "Can-
adianize" the oil industry should be inhibiting invest-
ments by non-Canadian firms. The Canadian economy 
is lagging far behind the United States economy with 
respect to consumer demand, employment, profits—all 
the things which stimulate investment. Canada has a 
much higher government debt, in proportion, than the 
United States. Canada is already basically self-suffi-
cient in oil, in contrast to the United States, which 
seems set to import a steadily increasing fraction of its 
requirements. Canadian bitumen and heavy oil produc-
tion cannot be processed by most Canadian refineries 
and currently must find an outlet in the United States 
asphalt market. Canada has no flashy government 
agency like the United States Synthetic Fuels Corpora- 
tion for the express purpose of assisting heavy oil and 
oil sands projects. All of these factors would indicate a 
less favorable atmosphere for investment in Canadian 
projects, and yet the results appear different. 

In studying the differences between the two countries, 
two factors in particular stand out. One is that the 
Canadian activity is focused on modular, or smaller-
scale, in situ projects. Although Petro-Canada has said 
that it is studying a new oil sands mining project, it is 
far from assured at this time that the project will ever 
get off the ground. Even though Syncrude Canada is 
spending $1.2 billion to expand current operations, its 
president, Mr. John Lynn, said at a recent conference 
that he did not know if starting Syncrude today as a 
grass-roots project would be economical. Thus mining 
projects are still problematical. In situ techniques have 
not been developed for United States oil shale, and 
United States tar resources are not extensive enough to 
have stimulated a great deal of in situ R & D. In 
Canada about $400 million has been spent just on the in 
situ pilots with which AOSTRA has been involved. 

The second factor is an obvious difference in the 
attitudes of the governments. In Canada, with still high 
unemployment, the domestic jobs benefits of oil sands 
developments is well acknowledged and appreciated. In 
the United States this benefit is hardly even recog-
nized. Mostly as a result of this consideration, a good 
part of the United States public and government per-
ceives support for synthetic fuel projects to be a

perhaps-not-even-necessary-evil, a waste of govern-
ment and the public's money. In Canada, the percep-
tions are clearer about the benefits, and there is an 
attitude of willingness to take action to achieve the 
benefits. 

The United States Energy Security Act provided funds 
for the United States Synthetic Fuels Corporation (SFC) 
to be derived from the Windfall Profits Tax on oil. This 
was seen at the time as a way of directing profits from 
oil production into a long-term replacement for that 
oil. Due to the extremely slow moving pace of the SFC 
(having essentially accomplished nothing in almost 
4 years since the Act), the source of funding has now 
been forgotten by the public, and SFC awards are 
viewed as taking funds away from other guzzlers at the 
public trough. 

Although Canadian oil prices are controlled, the diffe-
rential with respect to world prices has gradually 
disappeared. The price of oil in Canada reached 
96 percent of world price in 1983, up from 80 percent in 
1982 and 64 percent in 1981. 

In 1983 the governments of Canada and Alberta agreed 
to amend the Energy Pricing Agreement of Septem-
ber 1, 1981. The Agreement provided for the price of 
Conventional Old Oil, discovered prior to 1974, to be 
fixed at $29.75 per barrel, subject to a downward 
adjustment if international price falls below $29.75. 
The New Oil Reference Price applies to new oil, 
synthetic crude, crude oil from Canada Lands, and 
certain incremental oil, crude bitumen, and heavy crude 
oil. 

The Petroleum and Gas Revenue Tax ("PGRT") which 
was introduced in the National Energy Program in 1980 
is currently at a rate of 16 percent. After the special 
resource allowance deduction, the minimum effective 
rate is 12 percent on net revenues. PGRT is not 
deductible for income tax purposes. Effective in April 
1983, PGRT was suspended with respect to revenues 
from tar sands and certain tertiary recovery projects 
until recovery of project capital costs. 

After the demise of the Alsands and Cold Lake proj-
ects, the Canadian federal and provincial governments 
have taken other steps to reduce the tax burden for 
such projects by allowing federal tax deferments and a 
schedule of phased-in reduced royalty payments until 
plants recover their capital costs. Details of the 
incentives have varied from project to project, but they 
shared a common feature —a more modest share of 
total revenues for the government and a postponement 
of revenue-sharing with the governments until investors 
recover a portion of front-end costs. 

The Government of Alberta has developed several in-
centive programs which have encouraged the explora-
tion and development of oil, natural gas, and oil sands 
resources. These programs include the Exploratory 
Drilling and Geophysical Incentive Systems, the Alberta 
Royalty Tax Credit, and the Alberta Petroleum Incen-
tive Program, and special royalty measures for en-
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The association's forecast covers only the period to 
1995. It is an update of supply/demand information last 
published in 1982. 

hanced oil recovery and special fiscal arrangements for 
oil sands developments. 

The Saskatchewan government replaced its oil well 
income tax with a less onerous production tax on 
production from freehold land, which is land for which 
mineral rights are not held by the Crown. And it 
brought in a system of holidays from paying royalties, 
which are taxes on production from land on which the 
Crown holds the mineral rights. 

Deferment of royalties until after investments have 
been recovered has been a key factor In several pro-
jects such as Syncrude, Wolf Lake, and Cold Lake. This 
approach costs the government nothing in current out-
lays, merely a deferral of expectations. It appears to 
be a much more palatable approach from the public's 
point of view than direct grants. 

Thus it seems that two critical elements are first, a 
positive attitude in government, and second, the ability 
to be flexible in approaches to encouraging different 
projects. Some of this may be related to size of 
government rather than size of project. Although the 
one-stop shop provided by the United States Synthetic 
Fuels Corporation would seem to be an advantage, the 
size of the program first envisioned, the diversity of 
resources considered, and the large number of appli-
cants, all dictated a certain rigidity of procedures. The 
smaller number of projects and smaller total size of 
government bureaucracy in Canada undoubtedly made it 
easier for direct negotiations to proceed. This may 
simply be another example of loss of economy of scale. 

Finally, it is recognized that most human achievements 
are accomplished by setting realistic goals. For 
Canada, the goal of oil self-sufficiency, is realistic and 
achievable. For the United States, although self-
sufficency has been much talked about, it is seen as 
impossible or at least impractical. People will not 
devote themselves to impossible goals. This may be the 
biggest reason for a lack of consensus on United States 
synthetic fuel developments. 

CANADIAN PETROLEUM ASSOCIATION SAYS ONLY 
OIL SANDS CAN BALANCE OIL SUPPLY/DEMAND 

Although Canadian crude oil and equivalent demand is 
expected to decline marginally to 1990, after 1984 the 
supply/demand gap will widen. 

This is the conclusion of a forecast made by the 
Canadian Petroleum Association (CPA) in a 
February 1984 submission to the National Energy Board. 

CPA said the gap will occur under the current fiscal 
regime. Because Canada produces substantial volumes 
of heavy and sour crude oil which is not suitable as 
feedstock for Canadian refineries, the physical supply 
gap is su6tantia1ly larger than the gap in the sup- 
ply/demand balance. This situation can only be cor-
rected by the construction of heavy oil upgraders or 
integrated oil sands plants. But, in CPA's opinion, the 
conditions required to make upgrading economical are 
not present.

CPA chase a middle round over a range of forecast 
possibilities for international crude oi prices, reaching 
$30.50 (1982 United States dollars) per barrel in 1995. 
The CPA crude oil and natural gas supply forecasts are 
based on the assumption that the government-imposed 
fiscal regime will be improved slightly beyond the 
present situation. They feel that market-related pric- 
ing for all crude oil should be adopted; the discrimina-
tory aspects of the Petroleum Incentives Program 
should be removed and the retroactive back-in on 
Canada Lands removed. 

The following table shows the Association's forecast of 
primary energy requirements in Canada for each fuel 
and total primary energy: 

Canadian Energy Demand
(Petajoules) 

jQj	 1990	 1995 
Oil

3,403 3,339 3,370 
Gas 1,768 2,134 2,373 
Coal 999 1,076 1,305 
Hydroelectric 2,733 3,121 3,311 
Nuclear 418 1,021 1,255 
Biomass 315 431 494 

Total Energy	 9,636	 11,130	 12,168 

The average annual growth rate in total primary energy 
use from 1982 to 1995 is 1.8 percent. Oil market share 
is expected to decline from 34 percent in 1982 to 
27 percent in 1995. 

In comparison to its 1982 forecast, the CPA projections 
or 1990 are down about 10 percent in total energy 

demand:

Petajoules 
CPA	 CPA 

February 1984	 May 1982 
Projection	 Projection 

Oil
3,339 4,141 

Gas 2,134 2,446 
Coal 1,076 1,321 
Hydroelectric 3,121 3,066 
Nuclear 1,021 918 
Biomass 437 476 

Total Energy 11,130 12,368

The Association's current forecast of crude oil produc-
tive capacity from established reserves was based on a 
survey of individual operators who reported 68 percent 
of the total current productive capacity. 
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The Association notes that because of a number of 
developments over the past couple of years, the current 
forecast of productive capacity is higher than that 
submitted to the National Energy Board in 1980. The 
most significant developments were: 

• The shutting-in of productive capacity during 
1981, 1982, and 1983 thus delaying the annual 
rate of decline in productive capacity 

• Better than expected performance in several 
major pools 

• Recent years' discoveries—including the Rum-
sey area 

• The granting of New Oil Reference Price to 
certain categories of crude oil production 

• The institution of development drilling and 
workover incentives as part of the Alberta Oil 
and Gas Activity Program 

• The relaxation of provincial royalty rates in 
Alberta and Saskatchewan 

• An increase in Alberta's Maximum Rate Limita-
tions 

• Inclusion of the Impact of the Norman Wells 
waterflood in the forecast of productive cap-
acity from established reserves. In 1980, the 
Association recognized this waterflood in the 
forecast of productive capacity from future 
years' reserves appreciation. 

The improvements in productive capacity resulting 
from these developments have been partially offset by 
Poorer than expected performance in other pools and by 
the downturn in industry activity which took place 
following the introduction of the National Energy Pro-
gram and the onset of the economic recession. 
Enhanced Oil Recovery 

The forecst of productive capacity from future tertiary 
recovery projects, shown in Table 1, reaches a total of 
27,000 cubic metres per thy by 1995. This forecast 
reflects the Association's judgment of the portion of 
the tertiary oil potential that could be developed In this 
period, considering the present fiscal and technical 
uncertainties that exist. 

Oil Sands 

Productive capacity of crude oil from oil sands is 
predicted to increase to 60,000 cubic metres per thy by 
1995 as shown in Table 2 and summarized in Table 1. 
Suncor and Syncrude expansion projects, along with the 
startup of the Cold Lake and Wolf Lake projects and a 
new mining project, will add significant capacity. 
Added to this is the "other" category which includes 
existing and possible future demonstration-size projects 
and experimental projects in the Peace River, Atha-
basca, Cold Lake, and carbonate areas. 

Frontier Areas 

The Association has reviewed the potential for crude oil

production from the frontier areas and concluded that 
due to a number of constraints, a reaonable forecast of 
frontier oil production could not be prepared. However, 
this does not preclude the possibility of some produc-
tion commencing before 1995. 

TABLE 1 

TOTAL CANADA
FORECAST OF CRUDE OIL AND

EQUIVALENT PRODUCTIVE CAPACITY 
(Thousand Cubic Meters Per Day) 

Ext. Rev. 
and New 

Discoveries Total 
Established Primary & Future Pentanes Oil All 
Reserves Secondary Tertiary Plus Sands Sources 

1983 195 0 3 - 14 29 241 
1984 185 7 - 13 30 235 
1985 173 11 - 14 32 230 
1986 157 14 1 14 38 224 
1987 140 18 2 14 41 215 
1988 124 22 4 14 47 211 
1989 110 24 6 14 52 206 
1990 99 28 9 14 58 206 
1991 88 28 13 13 60 202 
1992 80 29 16 12 60 197 
1993 72 31 21 11 60 195 
1994 64 32 24 10 60 190 
1995 57 33 27 10 60 187

*Includes 1987 actual prodution plus 8 shut in capacity 

Supply Issues 

It was found possible that diluent shortage, rather than 
market availability, may be the restricting factor for 
bitumen production indicated in Table 2. A shortage of 
pentanes for diluent may develop in 2 to 4 years. Early 
construction of upgrading facilities would effectively 
increase diluent supply as diluent could be recycled to 
the field. 

The trend toward smaller scale oil sand projects will 
allow the steady development of productive capacity in 
bitumen recovery operations. To pursue a similar 
pattern In the mining area of the oil sands will be more 
difficult, since mining operations are more scale-sensi-
theand surface extraction processes are more likely to 
call for integration with an upgrading plant. 

Summary 

Demand and supply are summarized in Figure 1. The 
forecasts demonstrates that the supply/demand gap in 
Canada will widen. Two options are available to close 
this gap: 

• Imports 
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TABLE 2 

OIL SANDS PRODUCTIVE CAPACITY
(Thousand Cubic Meters Per Day) 

Synthetic Crude Projects Bitumen Projects 
Cold 
Lake 

Syn- New Sub Wolf Phase Sub- 
Year crude Suncor Project Total Lake l&ll Other Total Total 

1983 17.2 7.7 - 24.9 - - 3.7 3.7 28.6 
1984 16.4 8.4 - 24.8 - - 5.0 5. 29.8 
1985 16.9 8.4 - 25.3 0.6 0.2 5.5 6.3 31.6 
1986 18.6 8.4 - 27.0 1.1 2.8 7.0 10.9 37.9 
1987 19.2 8.4 - 27.6 1.1 3.0 9.0 13.1 40.7 
1988 21.0 8.4 - 29.4 1.1 3.0 13.0 17.1 46.5 
1989 21.1 8.4 4.0 33.5 1.1 3.0 14.5 18.6 52.1 
1990 21.6 8.4 8.0 38.0 1.1 3.0 15.5 19.6 57.6 
1991 21.6 8.4 8.0 38.0 1.1 3.0 18.0 22.1 60.1 
1992 21.6 8.4 8.0 38.0 1.1 3.0 18.0 22.1 60.1 
1993 21.6 8.4 8.0 38.0 1.1 3.0 18.0 22.1 60.1 
1994 21.6 8.4 8.0 38.0 1.1 3.0 18.0 22.1 60.1 
1995 21.6 8.4 8.0 38.0 1.1 3.0 18.0 22.1 60.1

• Development of indigenous 
oil 

sands and front-
ier oil production. 

The second alternative provides security of supply, plus 
benefits to the Canadian economy through the creation 
of new jobs and the demand for supplies and services. 

The supply gap could be reduced by the introduction of 
a fiscal regime that would provide adequate incentives 
to bring frontier oil to the marketplace,develop the oil 
sands, initiate additional enhanced oil recovery pro-
jects, and allow upgrading of heavy oil.

The export market for heavy oil and diluted bitumen is 
currently strong, due to the installation of conversion 
capacity in refineries in the United States and the 
demand for asphalt to satisfy United States highway 
programs. 

There is currently only a limited market for heavy oil in 
Canada. An upgrader will not be built in Canada until 
the appropriate economic conditions exist. 

DOE INVOLVED IN SYNFUEI.S-RELATED FOSSIL 
ENERGY INTERNATIONAL PROGRAMS 

Reagan Administration policy is that industry should be 
responsible for demonstrating new synfuels production 
processes. Thus the mission of the United States 
Department of Energy (DOE) Office of Fossil Energy 
(OFE) reverted to supporting only fundamental research 
efforts. One of these continuing fundamental research 
programs is the Fossil Energy international Program 
(FEIP), the status which is described in this article. 

The need for cooperation in the energy field between 
the United States and other nations was recognized long 
before the energy crisis of the 1970s. In the early 
1970s, the United States' international energy projects 
were coordinated by many United States government 
agencies. In 1978, DOE became the agency responsible 
for most international energy activities. 

The Office of Management, Planning, and Technical 
Coordination has responsibility for coordinating these 
international projects in the area of fossil energy within 
DOE. 
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The DOE Fossil Energy International 
Program (FEIP) 

The FEIP is designed to achieve the following objec-
tives: 

• To enable OFE to extend its resources through 
cooperative projects, 

• To supplement DOE's domestic fossil energy 
R & D program by making information available 
about technologies being developed in other 
countries, 

• Promote the international development of tech- 
nologies that will produce and use petroleum 
products more efficiently, 

• To promote the marketing and exporting of 
United States technologies abroad. 

Department of Energy's FEW has coordinated interna-
tional fossil energy projects with industrialized count-
ries, Communist Bloc countries, and less developed 
countries. Bilateral agreements involve the United 
States and one other country, while multi-lateral agree-
ments involve at least two foreign countries and the 
United States. Current active multi-lateral projects 
are being conducted under the auspices of the Interna-
tional Energy Agency (LEA). 

Funding for projects is determined in advance of pro-
ject activities. Contributions to funding are made by 
DOE, other participating countries, and in one case, by 
private firms. 

The FEIP program currently consists of 24 active 
projects, (17 bilateral and 7 multi-lateral) involving 
18 countries and the United States. Nine of these 
projects are related to synthetic fuels and are discussed 
below. 

Active Bilateral Projects 

Currently five bilateral synfuels-related fossil energy 
projects are underway between the United States and 
three foreign countries: Canada, the Federal Republic 
of Germany (Germany), and Venezuela. Projects with 
Canada and Venezuela stress oil recovery techniques 
while the project with Germany addresses the conver-
sion of methanol to gasoline. 

Project Cooperation in Tar Smut 
2'! 

A Memorandum of Understanding dated June 4, 1979 
established a five year framework for this and related 
projects to be managed by a coordinating committee 
having ten members, five from each country, which 
meets twice each year. 

United States funding has come from the Fossil Energy 
Tar Sand Program budgets. The Steamflooding with 
Additives project (below) is the first to evolve from the 
program. The following table includes estimated 
United States and Canadian costs for each fiscal year 
(in United States dollars) to cover all projects under the 
general agreement:

United  
Year States Canada 

1979 20,000 20,000 
1980 45000 22,000 
1981 17,000 45,000 
1982 343,000 42,000 
1983 147,000 314,000 
1984 200,000 320,000 

Total 772,000 763,000

Project Steainflooding with Additives 
In a Tar Sand Deposit - Canada 
(Duration: 9/13/82 - 12/31/85) 

This project provides for a coordinated laboratory ex-
perimentation program to evaluate in situ steam pro-
cesses enhanced by various additives (solvents, surfac-
tants, emulsifiers, gases, etc.) for recovery of oil from 
Canadian and United States tar sands and heavy oils. 
Experiments conducted in the United States and Canada 
are coordinated so that data from the smaller United 
States experiments can be utilized in designing the 
larger Canadian experiments. Budgets of each country 
are "not to exceed" $600,000 (U.S.) for total project 
costs. 

The United States portion of the cooperative project, 
contracted to TRW, involves three phases of screen-
ing—literature search, compatabiity testing, and 
bench-scale reservoir element-process testing—for up 
to 100 candidate additives to enhance the steam-drive 
process. The Canadian portion of the project involves 
semi-quantitative testing of up to 30 surviving candi-
date additives, which is being accomplished in large 
physical simulators by the Alberta Research Council 
(ARC) in Edmonton, Alberta. 

TRW has initiated Phase Ill testing of selected addi-
tives. The Canadian participants initiated testing in 
the late summer of 1983. 

Project Conversion of Methanol to 
Gasoline - Federal Republic of Germany 
(Duration: 3/2/80 - 3/19/85) 

This R & D project for the conversion of methanol to 
gasoline (MTG) in a fluidized bed reactor involves the 
design, construction, testing, and evaluation of a plant 
converting approximately 100 barrels of methanol per 
day. Three industrial participants that provide opera-
tional, engineering, and process support include: 
URBK, WIDE, and Mobil ft & D Corporation. 

In 1982, the total cost of the project was updated to 
approximately 70 million deutsch mark (DM), to be 
shared equally by BMFT, DOE, and the industry group. 
Approximately 14 million DM of industry contributions 
are in the form of a contribution of catalysts from 
Mobil to the project. 

The project consists of the following phases: 
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• Preparation of the baseline document 
• Preparation of the 100 barrels per thy plant 

design 
• Construction of the plant 
• Operation of the plant for approximately 

1.75 years 
• Evaluation of test results 
• Design study to estimate economics for a com-

mercial plant. 

All results obtained from the 100 barrels per day plant 
have been very promising, demonstrating that scaling-
up of the MTG fluidized bed process from the bench 
scale and the 4 barrels per thy unit to the demonstra-
tion plant size was successful. 

(See the article entitled "ZSM-5 Catalysis Improve-
ments Show Promise" in the General Section of this 
issue of the Pace Synthetic Fuels Report.) 

Project: Evaluate Past and On-Going 
Enhanced OR Recovery Projects In the 
United States and Venezuela 
(Duration 7/10/80 to 9/30/84) 

The objective of this project is to develop a consistent 
and comprehensive data base on the technical and 
economic performance of enhanced oil recovery (EOR) 
projects conducted in Venezuela and the United States. 
Funding for the project is as follows: 

Year	 United States 
Cs) 

1980 20,000 
1981 130,000 
1982 230,000 
1983 110,000 
1984 (forecasted) 50,000

The project includes four tasks: 

Task 1 consists of data base compilation that includes 
preparation of a format for exchange of information 
(completed), exchange of computer tape listing of 
EOR projects (completed), and selection of EOR 
projects for analysis (deferred until jointly developed 
screening models are operational). 
Task 2 is being redefined for implementation in 
proposed annex extension (post July 1982) to incor-
porate screening, models, data bases, and data analy-
sis programs. 
Task 3 involved four workshops (completed: Novem-
ber 1980, March 1981, September 1981, and June 
1982). 
Task 4 consists of meeting reports and a draft report 
finalizing data base portion of the work (completed).

Project: Enhanced Oil Recovery 
Thermal Process - Venezuela 
(Duration 9/29/80 - 3/30/85) 

The objective of this project is to develop steam 
injection thermal protection systems, instrumentation 
and control, and deep reservoir steam injection techno-
logy. In February 1982, the agreement was extended to 
increase the recovery efficiency of steam injection 
methods for the recovery of heavy oils and the use of 
additives to increase recovery efficiencies. A second 
amendment and extension was implemented in August 
1983. To date, however, only incidental costs for travel 
and contracted work have been incurred. Total costs to 
date (November 1983) are estimated to be approximate-
ly $40,000. 

Active Multi-Lateral Projects 

Of the seven multi-lateral projects currently being 
conducted, four involve synfuels projects. Two deal 
with coal-oil mixtures, one deals with pressurized fluid-
ized bed combustion, and one with enhanced oil reco-
very techniques. All multi-lateral projects are under 
the auspices of the International Energy Agency (lEA), 
which is comprised of 21 participating countries. Pro-
ject participation can range from three to more than a 
dozen countries, with the number sometimes varying 
over time. 

Project: Research, Development, and 
Demonstration on Coal/Oil and Other 
Coal/Liquid Mixtures (General Agreement) 
(Duration 3/23/81 - 3/22/86) 

Participating nations/agencies involved in the project 
are: Canada-Department of Energy, Mines, and Re-
sources; Japan-New Energy Development Organization; 
Netherlands-NEOM; Spain-UNESA; Sweden-National 
Energy Administration; United Kingdom-National Coal 
Board and United States-Department of Energy. 

The objective of this program is to conduct research 
and to develop, demonstrate and exchange information 
regarding coal/oil and other coal/liquid mixtures. Each 
party bears the cost it incurs while carrying out the 
implementing agreement. An annual status report is 
submitted to the LEA Secretariat. This is the umbrella 
agreement under which a number of project annexes 
(see following) are being pursued. 

Project Research, Development, and Demon-
stration on Coal/Oil and Other Coal/Liquid 
Mixtures (General Agreement) Annex II: 
Cooperation in Exchange of Base Technology 
Information (Duration 12/1/82-12/31/85) 

Countries/agencies participating in this project are: 
Canada-Department of Energy, Mines, and Resources; 
Japan-New Energy Development Organization; Spain-
UNESA; Sweden-National Energy Administration; and 
United States-Department of Energy. 

The objective of this project is to expand and accel-
erate the coal/liquid mixture (CUM) technology base to 
develop alternative fuels for utility and industrial appli-
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cations in member countries. 

Each of the participants agrees to undertake a substan-
tial national program in one or more of the following 
technology areas: coal/liquid mixture (CLM) combus-
tion; plant equipment selection and performance (test 
loop); rheology; and other mixtures. 

Each participant has sole responsibility for planning, 
implementing, supervising, and financing its national 
projects. The participants agree to cooperate through 
periodic exchanges of information on the activities of 
their national CLM R & 0 programs. 

Project: Fluidized Bed Coal Combustion 
(Duration 11/20/15 - 11/20/84) 

Participating nations/agencies include: Federal Repub-
lic of Germany-Ministry of Research and Technology; 
United Kingdom-National Coal Board; and United 
States-Department of Energy. This £ 60 million 
(pounds sterling) project, is shared equally by each 
country. 

This project is being conducted under an lEA agreement 
to build and test a pressurized fluidized bed combustion 
experimental facility to study combustion, heat trans-
fer, gas cleanup, corrosion, and erosion. 

Located in Grimethorpe, South Yorkshire, England the 
plant is an 85 megawattst water/steam-cooled coal- 
fired PFB combustor with a bed cross-section of 6.6 by 
6.6 feet, and is capable of operating at up to 12 atmo-
spheres. 

Plant startup began in May 1980 and Test Series I was 
initiated in November 1980. During the period of 
November 1980 through December 1981, over 810 hours 
of coal burning test time were accumulated. In Decem-
ber 1981 a major modification was initiated to change 
the tube bank configuration and make extensive modifi-
cations to the fuel preparation plant; these were com-
pleted and plant operations were re-started in June 
1982. Test Series II was initiated in October 1982. 

After 150 hours of operation, excessive metal wastage 
was observed and the tube bundle was again re-
designed. The modified tube bundle was installed in 
June 1983 and Test Series II was then continued through 
May 1984. The metal wastage on the modified tube 
bundle was less than 0.1 millimeters per 1,000 hours. 
The total coal burning hours was 3,604 with 1,576 hours 
of data gathering on United States, United Kingdom, 
and Federal Republic of Germany coals and sorbents. 
Approximately 60 final reports from the Grimethrope 
program are expected to be completed by Decem-
ber 1984. 

Project: Program of Research, Develop-
ment and Demonstration on Enhanced Oil 
Recovery (Duration 5/22/19-Indefinite) 

Participating countries in this program are: Austria, 
Canada, Egypt, Federal Republic of Germany, Japan, 
Norway, United Kingdom, and United States.

The objective of this program is to carry out fundamen-
tal studies, laboratory experiments, and field tests on 
various techniques for enhanced oil recovery with a 
view toward applying the techniques developed for new 
and existing oil reservoirs, consistent with economic 
and environmental considerations. Participating na-
tions compensate their own research and incidental 
costs and share research findings among themselves. 
No funding is exchanged. Results are shared at annual 
workshops. 

Work on this project is cooperative rather than collab-
orative. Each participant works independently on acti-
vities contributing to the objectives of the three tasks 
listed as follows: 

Task 1—Development of techniques for measure-
ment of residual oil saturation on a spatial basis. 
Participants: Austria, Norway, and the United 
States. 
Task 2—Fundamental research on surfactants and 
polymers. Participants: Austria, Canada, Ger-
many, the United Kingdom, and the United States. 
Task 3—Development of techniques for miscible 
flooding. Participants: Canada, Germany, Japan, 
Norway, and the United States. 
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ENVIRONMENT 

COMMENTS MADE CONCERNING PROPOSED 
WORKER REGISTRY FOR SYNTHETIC 
FUELS INDUSTRY 

The United States Department of Energy (DOE) has 
been designated a consulting agency to the United 
States Synthetic Fuels Corporation (SFC) for developing 
environmental monitoring plans for SFC-supported syn-
thetic fuels projects. 

To meet part of the requirements for a health program, 
DOE in cooperation 'qith the National Institutes for 
Occupational Safety and Health (NIOSH) has proposed 
an industrywide worker registry for synthetic fuels. In 
December, DOE issued a suggested generic medical 
examination report form to be used for recording long-
term worker health in the synfuels industry. 

DOE requested comments from industry on the pro-
posed format and held a meeting on January24 to 
discuss the comments. 

The meeting started with a panel discussion on relevant 
background information. Three group sessions were 
generated during the second half of the meeting. Each 
group was led by a mediator and focused on issues 
which industry perceived to be problems for acceptance 
of the registry concept. The following three group 
sessions were conducted: 

Group I	 - Worker Registry Requirements 
Group II - Aggregation and Use of Data 
Group III - Management and Policy Issues. 

Group I attendees agreed that demographic data col- 
lected by all industries having worker registries or 
medical surveillance record keeping system included: 

• Name and Address 
• Date of Birth 
• Marital Status 
• Social Security Number 
• Sex. 

The following parameters also were found to be impor-
tant and currently collected by most industries: 

• Number of Children and Sex 
• Previous Work History 
• Previous Exposure History. 

ALl industries agreed on use of the following: 

• A pre-employment physical exam 
• Laboratory testing 
• Recording age as well as exposure 
• Medical follow-up exams depending on need. 

Most industries agreed on the following: 

• Recording job classification for workers 

• Recording exposure data for workers

• Inclusion of exposed contract workers as well as 
employees 

• Insisting on a specific purpose for any study 
before releasing any data. 

Group IL—Aggregation and Use of Data, discussed the 
issues of a central registry versus separate registries. 
The consensus about a central registry, if one should be 
developed, were as follows: 

• The purpose and use of a central registry should 
be defined. 

• Access to, analysis of, and publication of data 
should be carefully controlled. 

• Segregation of data should be maintained to 
eliminate unauthorized use of proprietary infor-
mation. 

• An appropriate sponsor should be the repository 
of data. 

The consensus regarding separate Worker Registries 
was as follows: 

• Worker Registries already exist 

• Worker Registries may contain sufficient infor-
mation to conduct epidemiologic studies 

• Worker Registries will be statistically inade-
quate to detect trends 

• Worker Registries, if aggregated, may be more 
subject to inappropriate use than a central 
registry. 

Discussion of long-term follow-up of workers after the 
economic life of the project did not reach a consensus. 

Group UL—Management and Policy Issues, discussed the 
issues of commonality of data, and separate versus 
central registries from a management standpoint. The 
following were stated to be the disadvantages of a 
central registry: 

• Cast 
• Loss of flexibility 
• Inappropriate use of pooled data. 

Although commonality of format was found to be 
desirable, some sponsors raised the issue that it may 
not be practical due to already established corporate 
policy and procedures. There may, however, be a broad 
consensus on the basic types of information that should 
be collected in every registry. Most sponsors agreed on 
the need to identify well defined purposes before at-
tempting to establish a central registry. 

Mr. Keith N. Frye of Department of Energy, the overall 
moderator of the meeting, summed up the findings as 
follows: 

• The contents of separate worker registries were 
defined. 
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• There are benefits to pooling data (a) to avoid 
piecemeal analyses by various government en-
titles and, (b) to increase the size of the data 
base. However, industry is uncomfortable with 
pooling. 

• Commonality of data would be helpful especial-
ly if an intra-industry group could be formed to 
develop this. 

• A goal and purpose is needed to define the use 
of the data collected. 

• Further definition of costs and budget for 
analyses of pooled data should be made. 

Mr. Steven Gottlieb, Director of Environment of the 
Synthetic Fuels Corporation, stated that additional 
guidance to the SFC Guidelines would be necessary so 
that all parties understood what is required and the 
goals of the Energy Security Act are met. 

DOE PLANS RESEARCH ON THE GREENHOUSE 
EFFECT 

As described in the article begining on page 1-42 of the 
December 1983 Pace Synthetic Fuels Report; controv- 
ersy surrounding the emission of carbon dioxide may 
adversely affect synthetic fuels development. This so-
called "greenhouse effect" is caused by the selective 
filtering action that carbon dioxide and a few other 
minor gases have on sunlight. These gases readily allow 
sunlight to pass through the atmosphere, but reflect 
and/or absorb longer-wavelength infrared radiation 
emitted from the earth. Hence, the atmosphere is 
slowly warmed by the trapped infrared radiation. 

In 1978 Congress established a national policy for 
dealing with climate-related issues by enacting the 
National Climate Program Act. The United States 
Department of Energy (DOE) is the lead agency for 
coordinating research on the subject of atmospheric 
carbon dioxide. In December 1983, DOE issued a 
summary of the government's program in a report 
entitled "The Carbon Dioxide Research Plan." 

The report explains that the concentration of carbon 
dioxide in the atmosphere has been increasing. This 
increase is attributed to the increased use of fossil 
fuels. The increased carbon dioxide is expected to 
increase the temperature of the atmosphere, but the 
magnitude of this temperature rise and its effects are 
still largely unknown. 

The research plan proposed by DOE will concentrate on 
four general areas: 

• The carbon cycle obtain a better understand-
ing of where carbon dioxide comes from and 
how it is absorbed by the earth's biogeochemi-
cal systems; 

• Climate effects—develop improved models of 
the earth's atmosphere and develop better

methods of detecting real changes in the cli-
mate as soon as they occur (first detection); 

• Vegetation response—conduct research on the 
photosynthesis, physiology, and water use of 
plants to predict vegetation response to in-
creased carbon dioxide concentrations; 

• Indirect effects—identify, characterize, and 
define the scope of the effects that climate and 
vegetation changes will have on human welfare, 
agriculture, forestry, water resources, and fish-
eries. 

The carbon dioxide research plan will produce a set of 
state-of-the-an (SOA) reports, to be published in early 
1985. The reports will be definitive, scientific state-
ments about what is known, not known, and the uncer-
tainties surrounding the data and research results. 
State-of-the-art reports will be prepared for the carbon 
cycle, climate, first detection, vegetation response, and 
indirect effects areas. 

By the summer/fall of1985, a statement of finding will 
be published that will synthesize the SOA reports and 
other studies and present an Integrated plan for the 
entire research program needed to reduce uncertain-
ties. The statement of findings is expected to provide a 
state-of-knowledge discussion of the potential long-
term implications of increasing levels of carbon dioxide 
rather than definitive recommendations pertaining to 
policies and strategies. Improved data, models, and 
more definitive analyses for policy decision making are 
expected to be available in the early 1990s. 
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RESOURCE 

NEC RECOMMENDS CONTINUED RESEARCH 
IN MANAGEMENT OF ENERGY MINERALS 

The Committee on Onshore Energy Minerals Manage-
ment Research was organized by the National Research 
Council (NRC) in response to a request from the United 
States Geological Survey's Conservation Division. The 
Committee conducted a series of workshops to provide 
technical guidance on research in support of the 
Department of the Interior's regulatory responsibilities 
for onshore mineral activities involving federally owned 
oil shale, Arctic oil and gas, uranium, and tar sands. 
The primary objectives of the regulatory program are 
resource conservation, protecting life and property, and 
minimizing the risks of environmental and ecological 
degradation. 

The Committee's final report concluded that additional 
research is required to achieve the goals of good 
management in these areas. The major recommenda-
tions were:	 - 

• Establish a standing scientific and engineering 
advisory committee. 

• Develop a comprehensive library and data cen-
ter for research results. 

• Encourage the operation of demonstration-scale 
facilities for oil shale and tar sands. 

The intent of the Committee was to assess the state of 
the art relative to development of each of the four re-
sources. The focus was to be on the type of informa-
tion required for management, regulation, and conser-
vation of the resource that is under the jurisdiction of 
the federal government. Such jurisdiction exists for oil 
shale in Colorado, Utah, and Wyoming; for tar sands in 
Utah and for oil and gas in northern Alaska. Only a 
small fraction (10 percent) of uranium reserves occurs 
on lands under federal influence (mostly on Indian lands 
in New Mexico and Washington.) 

The original request for study came to the NEC in 1981 
from the Conservation Division of the United States 
Geological Survey, which at that time had the manage-
ment responsibility for federally owned oil shale, tar 
sands, Arctic oil and gas, and uranium. In early 1982, 
the responsibility for onshore minerals was shifted to 
the Minerals Management Service (MMS). Finally, in 
late 1982, an responsibilities for onshore minerals, 
except royalty management, were placed in the Bureau 
of Land Management (BLM). These kinds of changes 
make long-term policies in research difficult to 
achieve. One of the recommendations is to create an 
outside advisory body that can be drawn on consistently 
as agency shifts in personnel and responsibilities occur. 

A second change during the early 1980s has been the 
rapidly altering economic picture. These economic 
changes strongly influence the rate at which unconven- 
tional, remote, or capital-intensive resources will be 
developed. Major efforts to develop oil shale have 
slowed. Tar sands are unlikely to be widely exploited at 
current estimated costs of production. The market for 
uranium is depressed in volume and price, and competi-

tion from foreign sources has increased. Gas supplies 
within the contiguous United States are greater than 
immediate requirements, suggesting that gas develop-
ment in the Arctic will be delayed. 

Undoubtedly, both economic and political conditions 
will change frequently in the future. Consistent long-
term research needed is to manage and regulate these 
resources. Such research programs cannot be turned 
off and then quickly turned back on. The Committee's 
recommendations reflect the need for consistent poli-
cies and financial support. 

Over the past two decades a high level of awareness of 
man's impact on the environment has been achieved. 
Yet, the ability to forecast the response of an ecologi-
cal system to develoment remains an elusive task. 
Research activities are suggested to allow better pre-
diction of those environmental effects. 

The Committee believes that the level of federal 
control over resource development will continue to 
increase In the future. Adequate regulation, equitable 
to all parties interested, depends on adequate research 
and application. 

A synopsis of the Committee findings is given in 
Table 1, and brief summaries for each commodity fol-
low. Additional details of the findings and recommen-
dations for oil shale and tar sands may be found in those 
sections of this issue of the Pace Synthetic Fuels 
Report. 

Oil Shale 

Development of oil shale has been predicted as immi-
nent several times during the past decades. It is clear 
that the cost of producing shale oil has been consis-
tently misjudged during periods of optimism. Nor do we 
really know whether the schemes devised to handle 
spent shale will be successful. 

The broad needs include: 

• A functioning project with large-scale and sus-
tained production. 

• Regional studies of stratigraphy, hydrologic 
systems, and atmospheric circulation and more 
complete chemical and physical properties of 
Oil shale, spent shale, and closely associated 
rock. 

• Research on non-conventional approaches to 
shale oil recovery. 

• Integrative studies of reclamation under a 
broad range of conditions. 

Tar Sands 

The great advantage in tar sands research is the sub-
stantial commercial-level activity in Canada. Addi-
tionally, much of Canada's enormous reserves are too 
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SOCIOECONOMIC 

STUDY RECOMMENDS PLANNING AT THE COUNTY 
LEVEL TO MITIGATE ENERGY IMPACTS 

A report was recently released entitled "Planning for 
Rural Human Services: The Western Energy-Impact 
Experience" by Drs. Julie M. Uhlmannn and Judith K. 
Olson. The purpose of the report is to provide informa-
tion that will facilitate planning for human services in 
rural communities. It is the final report of a research 
project betwen October 1980 and February 1982 that 
was funded the by United States Department of Health 
and Human Services. The research project was an 
assessment of human service needs and delivery sys-
tems in energy-impacted communities in the Federal 
Region VIII states of Colorado, Montana, North Dakota, 
Utah, and Wyoming. 

The study first analyzed the characteristics of energy-
impacted communities. Data from a previous report, 
"Regional Profile of Energy Impacted Communities 
1979," were analyzed to gather information on 325 
currently or potentially impacted communities in the 
region. "Core services" (social services, mental health 
services, alcohol and drug abuse counseling, public 
health nursing, and family-planning services) were tabu-
lated for the communities. The number of core ser-
vices were then correlated to the size of the commun-
ity and its rate of growth. As shown in Table 1, core 
services increase with the size of the community, but 
decreases as the rate of community growth exceeds 
6 percent. The study also found that it takes a com-
munity growing at the rate of 6 percent or greater five 
years to have the same number of services available as 
a community of the same size growing at a rate less 
than 6 percent.

TABLE 1 

AVERAGE NUMBER OF CORE SERVICES
AVAILABLE TO COMMUNITIES IN REGION VIII 

Rate of Growth 
Equal to 

or Greater 
Less Than	 Than 

Population	 6 Percent 6 Percent 

13-550 1.0 0.7 
551-1,270 1.9 1.0 

1,271-2,470 2.8 1.5 
2,471-5,330 3.8 2.3 
5,331-10,400 4.1 3.3 

10,401-15,000 4.8 4.0 
15,001-30,000 5.0 4.0 

From their analysis of the data, the researchers select-
ed seven communities that would be studied in detail. 
The communities selected were: Rifle, Colorado; Fair-
view, Montana; Beulah, North Dakota; Castle Dale and 
Huntington, Utah; and Evanston and Wright, Wyoming. 
The primary criterion for selection of a study com-
munity was that it had experienced an average annual 
population growth rate of approximately 10 percent 
from 1978 to 1980. The seven communities are char-
acterized in Table 2. 

TABLE 2

CHARACTERISTICS OF ENERGY IMPACT STUDY COMMUNITIES 

Average 
Annual 
Rate of 

1980	 Growth	 Core	 Impacting 
Community	 Population 1978-1980	 Services	 Developments 

*	 (%) **	 S.. 

Beulah, North Dakota 	 2,875	 20.9	 PH Coal, Power Plant 
Castle Dale, Utah	 1,905	 10.5	 PH,MS,SS Coal, Power Plant 
Evanston, Wyoming	 6,420	 9.7	 SS,MH,PH Oil, Gas, Process-

FP,SA ing Plant 
Fairview, Montana	 1,351	 13.2	 PH Oil, Gas, Coal 
Huntington, Utah	 2,303	 9.7	 PH Coal, Power Plant 
Rifle, Colorado	 3,218	 12.6	 SS,MH,PH Oil Shale 
Wright, Wyoming	 1,450	 11.3	 PH Coal, Uranium, Oil 

1980 census figures, except for Wright (estimate from community 
sources was used). 

"1978 population figures were estimates from community sources. 
FPFamily Planning Clinic, MHMental Health, PHPublic Health 

Nursing, SASubstance Abuse, SSSocial Services.

1-52	 SYNTHETIC FUELS REPORT, JUNE 1984 



Four methods were used by the researchers to identify 
needs in the seven selected communities. These 
methods included: (1) group and individual interviews, 
(2) interviews with human service agencies personnel, 
(3)collection of social indicator data, and (4) review of 
human service standards (regulations and guidelines). 
The results of the group and individual interviews are 
summarized in Table 3. The results of the agency 
personnel interviews were convergent with the group 
and individual interviews, except that the agencies 
tended to emphasize formal programs rather than a 
balanced approach with both formal and informal ser-
vices.

TABLE 3 

MOST FREQUENTLY MENTIONED PROBLEMS 
BY ALL RESPONDENTS

(N = 254) 

Number 
of Times 

Problem Mentioned 

Recreation 496 
Housing 283 
Alcohol and Drugs 264 
Family Problems 130 
Seniors on Fixed Incomes Cant Afford 127 

to Live in Community 
Increased Crime 117 
High Cost of Living 107 
Lack of Sense of Community 99 
Unemployment 91 
Health Care 91 
Child Abuse and Spouse Abuse 65

The social indicators data involved collecting informa-
tion for the period 1975 through 1979 concerning 71 
indicators such as demographic, economic, health, edu-
cation, and criminal justice statistics. Indicators that 
were statistically higher in energy impacted areas than 
at the state levels include percent of population aged 5 
to 14 and 25 to 64, construction and mining employ-
ment, births, deaths by accident, secondary-school 
dropout rate, family assistance recipients, and children 
receiving subsidized day care. Indicators that were 
lower include service, wholesale, and retail trade em-
ployment; public health nurses; social service admini-
strative expenditures; and social service caseworkers. 

The review of human service standards was found to be 
the least useful to the project. Program and facility 
standards were found to be more useful in projecting 
costs than needs. 

In assessing the planning environment, the researchers 
reviewed attitudes of local, state, and federal officials 
and industry representatives. Interviews were con-
ducted with 40 local public officials, 48 agency person-
nel, interagency planning groups, state agency person-
nel, personnel in federal Region VIII offices, and local 
and regional industry representatives.

Lastly, the report presents a methodology for planning 
at the county level. County-level planning was found to 
be needed because state and federal planning is not 
responsive to rural counties, inflexible, and not compre-
hensive. This county planning was found to be needed 
to complement state and federal planning efforts. 

The steps recommended by the researchers involve the 
following 

1. Organize a planning group. 
2. Develop a mission statement, goals, and ob-

jectives for the group. 
3. Assess needs with at least twomethods such 

as community forums, small homogeneous 
focused group discussions, key official inter-
views, surveys, social indicator analysis, and 
social agency data analysis. 

4. Establish priorities. 
5. Develop implementation plans. 
6. Inventory existing social service resources 

(both formal and informal). 
7. Select service providers. 
8. Write a county human services plan which 

serves as a dynamic working document. 
9. Monitor the plan. 

The -report provides an assessment of human service 
needs, and makes a constructive examination of the 
planning environment and the planning process. The 
planning sections will have applicability to rapid-growth 
situations other than those resulting from energy re-
source development. Rural communities impacted by 
recreational development, retirement community 
development, defense operation constuction, or by 
other industrial development will find this report to be 
of value. 

SFC-ASSISTED PROJECTS COULD CREATE 
300,000 CONSTRUCTION JOB-YEARS 

Leonard Axelrod, Vice President of the United States 
Synthetic Fuels Corporation (SFC), recently addressed 
the Association of General Contractors of America. 
The title of his presentation was "Short- and Long-
Term Market Outlook for Various Types of Synfuels 
Projects." Although his talk presented the overall SFC 
program, of particular interest were his projections of 
the employment that would be created by the construe-
tion of the projects that the SFC plans to assist. In 
Pace's opinion, increased employment is one of the 
more important, yet one of the often overlooked, 
benefits of the synfuels industry. In fact, increased 
employment is the major emphasis of the recent resur-
gence of interest in synfuels by the Canadian federal 
and provincial governments. 

According to the SFC plans, four or five coal projects, 
four or five oil shale projects, and several oil sands/ 
heavy oil projects will be awarded assistance. This 
level of assistance will generate over $20 billion in 
capital investment. Assuming that 40 percent of the

-

- 
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SFC funds are distributed to coal projects, 40 percent 
to oil shale projects, and 20 percent to oil sands/heavy 
oil projects, the SFC estimates that nearly 300,000 job-
years of direct and indirect construction-related em-
ployment would be created. This figure does not 
include permanent jobs and support employment. 

Some of the peculiarities of the construction employ-
ment summarized in Mr. Axelrod's presentation are as 
follows: 

• Much of the project construction will be in 
relatively sparsely populated areas of the West 
and South and thus will rely heavily on transient 
versus local labor. 

• The projects are in general very complex and 
require a large proportion of specialized techni-
cal and engineering skills. 

• The plants themselves will employ relatively 
sophisticated technology and potentially hazar-
dous materials and conditions. 

• Finally, synthetic fuels plants tend to be both 
large and unique, requiring experience in man-
agement of large-scale, technically diverse pro-
jects. 

For the long term (seven years and beyond) the SFC 
forecasts that eventually synthetic fuels will fulfill a 
Portion of the United State energy needs. When the 
conversion to synthetic fuels starts, it could constitute 
the largest construction boom in this nation's history. 
The SFC estimates that just to replace the United 
States current level of petroleum imports would require 
a national investment in capital construction of approx-
imately $500 billion, and a construction labor force of 
750,000 working for ten years.
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RECENT GENERAL PUBLICATIONS 

Advisory Committee on Federal Assistance for Alternative Fuel Demonstration Facilities, "Pioneer Synthetic Fuels 
Facilities, Early Approaches to Achieving Environmental Acceptability," February 24, 1984. 

Baron, Ken, et al, "Flexibility in Heavy Oil Upgrading with Unicracking/HOS Technology," 1984 NPRA Annual 
Meeting, March 25, 1984. 

Broyhill, et al, "H.R. 5075 - A sal, t' 98th Congress 2nd Session, March 8, 1984. 

California Energy Commission, "Relative Cost of Electricity Production," December 1983. 

California Energy Commission, "California Energy Shortage Contingency Plan," December 1983. 

Canadian Petroleum Association, "Update of Canadian Energy Supply/Demand," February 1984. 

Department of Energy (England), "Development of the Oil and Gas Resources of the United Kingdom 1983," April 
1983. 

Cowser, K. E., "Life Sciences Synthetic Fuels Semiannual Progress Report for the Period Ending June 30, 1983," for 
Oak Ridge National Laboratory. 

Energy information Administration, "Short-Term Energy Outlook," February 1984. 

Fisher, James 0., "Canada's National Energy Program," AIChE 1983 Annual Meeting, November 1, 1983. 

Higgin, Dr. Roger, "Where are the Alternatives Now?" Canadian Association of Petroleum Landman, September 
1983. 

Hello, Henry, at al, "Impact of Methanol on Smog- A Preliminary Estimate," Systems Applications Inc., February 
1983. 

Jordan, J., et al, "Instrumental Methods of Analysis of Sulfur Compounds in Synfuel Process Streams," Penn State 
University, Ocotber 1983. 

Nash, Don E., et al, "United States Energy Policy Crisis and Complacency." 

Lee, W., et al, "Transportation Fuels from Synthesis Gas Via ZSM-5," Mobil Research and Development Corporation. 

Linden, Henry R., "Is Energy a Diminishing Issue?" presented at the 1984 Energy Technology Conference. 

McGuirk, Anne K., "Oil Price Changes and Real Exchange Rate Movements Among Industrial Countries," 
International Monetary Fund, December 1983 issue. 

Menrad, Holger, et al, "Engine and Vehicle Concepts for Methanol-Gasoline Blends," Fuels and Lubricants Meeting, 
October 1983. 

Nack, H., et al, "Update on Further Development and Commercial Status of Battelle-9 Multisolid Fluidized-Bed 
Combustion Process," American Society of Mechanical Engineers, 

National Council on Synthetic Fuels Production, Supporting "The SFC Phase I Program," March 28, 1984. 

National Council on Synthetic Fuels Production, "Synthetic Fuels Corporation Fiscal Accountability Act of 1984." 

National Academy Press, "Summary of Research and Information Needs for the Management of Selected Onshore 
Energy Minerals: Oil Shale, Tar Sands, Arctic Oil and Gas, and Uranium," 1983. 

Rothberg, Paul, "Synthetic Fuels Corporation and National Synfuels Policy," Library of Congress, January 1984. 

Slagorsky, Z. Charles, 'Some Economic Considerations of the Oil Self-Sufficiency Objective for Canada," American 
Society of Mechanical Engineers. 

Toepel, IL it, et al, "Development of Detroit Diesel Allison 6V-92TA Methanol Fueled Coach Engine," Fuels and 
Lubricants Meeting, October 1983. 

Uhlmann, Julie, M., at a!, "Planning for Rural Human Services: The Western Energy-Impact Experience," Office of 
Human Development Services.

1-55	 SYNTHETIC FUELS REPORT, JUNE 1984



United States Department of Energy, "The Carbon Dioxide Research Plan." 

Unzelman, George I-I., at al, "Octane Improvement Update-Refinery Processing, Antiknocks, and Oxygenates," 1984 
NPRA Annual Meeting, March 1984. 

Urban Consortium Energy Task Force, "Methanol Use in Vehicle Fleet Operations, An Analysis of Technical and 
Institutional Barriers," Baltimore, Maryland. 

Vaughan, William A., "Fossil and Synthetic Fuels," March 1984, United States Department of Energy. 

GENERAL - PATENTh 

"Method for Removing Contaminants from Hydrocarbonaceous Fluid," Lillian A. Rankel - Inventor, Mobil 
Corporation, United States Patent 4,424,118, January 3, 1984. The present invention relates to a method for 
removing contaminants such as arsenic from a hydrocarbonaceous fluid which consists essentially of the crude, or a 
fraction thereof, obtained from oil shale, solid coal, or tar sane by non-catalytically heat treating the 
hydrocarbonaceous fluid at a temperature of from about 200°F to about 600'? in the presence of an aqueous solution 
containingan agent that would convert such contaminants into components soluble in the aqueous solution. 
Particularly suitable agents to be utilized in the above aqueous solution to remove contaminants such as arsenic are 
ammonium sulfide type compounds. The purified hydrocarbonaceous fluid may be subjected to a catalytic 
hydrotreating process. 

"Fluid Bed Retorting Process with Lateral Flow," Robert D. Oltrogge -Inventor, Gulf Oil Corporation and Standard 
Oil Company (Indiana), United States Patent 4,430,195, February 7, 1984. A fluid bed retorting process is provided 
in which solid heat carrier material and solid hydrocarbon-containing material, such as oil shale, tar sand, and coal, 
are fluidly moved in a lateral direction until they spill over an upright barrier into an overflow discharge outlet. The 
solids can be premixed in the retort before entering the laterally moving fluid bed in a premixing fluidizing chamber 
or with a conical deflector. Upright annular or transverse baffles can be positioned in the fluid bed to minimize 
lateral backmixing of solids and can also extend above the surface of thefluid bed to minimize wave propagation. 
Any unfluidized coarse particles can also be moved laterally by gravity floW and jet deflectors. 

"Process for Manufacturing Gasoline with Upgrading of Hydrocarbon Oils," Jean Pierre Franck, Yves Jacquin, 
Bernard Juguin, Christian Marcilly, and Germain Martino (all of France) - Inventors, Institut Francais du Petrole, 
United States Patent 4,435,274, March 6, 1984. Residual oils from steam-cracking or catalytic cracking, oils from 
coal liquefaction, and oils from bituminous sands and shales are converted to gasoline by a process comprising the 
fractionation of the feed charge to a naphtha and a middle distillate: the naphtha, admixed with a gasoline cut "E," 
is hydrotreated and then dehydrogenated to gasoline-, the middle distillate Is hydrotreated and fractionated to 
gasoline and a heavier fraction, the heavier fraction is hydrocracked and fractionated, thus producing a gasoline cut 
which constitutes the above cut "E" 

"Process for Devolatiizing Devolatiizabte Fine-Grained Material by Means of Hot, Fine-Grained Heat-Carrying 
Material," Alfons Bussmaim, and Roland Ram mler (both of West Germany) - Inventors, Metallgesellschaft AG, 
United States Patent 4,436,588, March 13, 1964. Devolatiizable fine-grained material which contains hydrocarbons 
is devolatilized by means of fine-grained solids which have been heated to temperatures of about 500 0 to 1,000°C. 
The devolatilizable fine-grained material is mixed with the heated solids and is thus heated to temperatures of about 
4000 to 900 0C. The mixture is passed through a dwell zone, and gaseous and vaporous devolatilization products are 
withdrawn and cooled. The heated solids are fed to the dwell zone as a loosened stream in a trickling and/or 
agitated state of motion, and the devolatilizable fine-grained material is introduced into said stream in order to be 
admixed thereto. The heated solids and the devolatiizable fine-trained material can be mixed in a weight ratio of 
3:1 to 12:1. The stream of trickling heated solids can be deflected at least in part. 
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COMING EVENTS 

JUNE 3-6, MONTREAL, QUEBEC—The Chemical Institute of Canada and the American Institute of Chemists, The 
CAN-AM Chemical Congress. 

JUNE 4-7, AMSTERDAM, NET HERLANES-International Gas Turbine Center, International Gas Turbine Confer-
ence. 

JUNE 6-8, BOULDER, COLORADO—University of Colorado, The Federal Land Policy and Management Act. 

JUNE 6-8, ALBUQUERQUE, NEW MEXICO—American Chemical Society, 7th Rocky Mountain Regional Meeting. 

JUNE 10-13, ATLANTA, GEORGIA—Symposium on Instrumentation and Control for Fossil Energy Processes. 

JUNE 10-13, CALGARY, ALBERTA—Petroleum Society of CIM, 35th Annual Technical Conference. 

June 10-14, FAIRFIELD, CONNETICUT—American Chemical Society, 14th Northeast Regional Meeting. 

JUNE 13-15, MOSCOW, IDAHO—American Chemical Society, 39th Northwest Regional Meeting. 

JUNE 14-15, CALGARY, ALBERTA—Alberta 
Oil 

Sands Technology and Research Authority and Canadian 
Petroleum Magazine, AdvancesIn Petroleum Recovery Technology 1984. 

JUNE 18-20, GOLDEN, COLORADO—Colorado School of Mines and the Department of Commerce, Engineering in 
the International Marketplace. 

JUNE 18-20, BOSTON, MASSACHUSE'flS.—Edison Electric Institute, Annual Edison Electric Institute Convention. 

JUNE 25-27, ORLANDO, FLORIDA—United States Department of Energy, Coal Slurry Combustion and Technology. 

JUNE 25-27, LYON, FRANCE—Elf-IEP-Total, International Symposium on Characterization of Heavy Crude Oils 
and Petroleum Residues. 

JUNE 26-29, VAIL, COLORADO—Western Research Institute and Department of Energy, Tar-Sand Symposium. 

JUNE 18-JULY 4, ISPRA, ITALY—Commission of the European Communities, Energy Planning and Management 
Experience in European and Advanced Developing Countries. 

JULY 15-19, TORONTO, CANADA—Canadian Hydrogen Association, 5th World Hydrogen Energy Conference. 

JULY 15-18, GENEVA, SWITZERLAND, American Association of Petroleum Geologists, Fossil Fuels of Europe 
International Conference. 

JULY 25-AUGUST 3, NORMAN, OKLAHOMA—UNITAR/UNDP, UNITAIt International Conference on Shallow Oil 
and Gas Resources. 

JULY 31-AUGUST 3, LARAMIE, WYOMING—Western Research Insitute, Fossil Fuel Conference (CONFAB 184). 

AUGUST 6-8, NIAGARA FALLS, NEW YORK—American Institute of Chemical Engineers, Heat Transfer In Energy 
Conversion Process. 

AUGUST 16-17, PHILADELPHIA, PENNSYLVANIA—American Institute of Chemical Engineers, Design and Com-
mercialization of Coal Conversion Processes. 

AUGUST 19-22, PHILADELPHIA, PENN YLVANIA—American Institute of Chemical Engineers, National Summer 
Meeting. 

AUGUST 19-24, GOLDEN, COLORADO—Colorado School of Mines, Engineering Foundation Conference on Energy 
Minerals Processing. 

AUGUST 19-24, SAN FRANCISCO, CALIFORNIA—Intersociety Energy Conversion Engineering Conference. 

AUGUST 26-31, PHILADELPHIA, PENNSYLVANIA—American Chemical Society, Meeting of the American Chemi-
cal Society.
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SEPTEMBER 10-13, WASHINGTON, D.C.—Gas Research Institute and American Gas Association, international Gas 
Research Conference. 

SEPTEMBER 17-21, PITTSBURGH, PENNSYLVANLA—tjrtj yersity of Pittsburgh, Pittsburgh Energy Technology 
Center, and Department of Energy, First Annual Pittsburgh Coal Technology Conference and Exhibition. 

SEPTEMBER 17-28, ISP RA, ITALY—Commission of the European Communities, Economic Guidelines for Renewable 
Energy Projects. 

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

SEPTEMBER 23-26, PHOENIX, ARIZONA—Colorado'Mining Association, AMC Mining Convention. 

SEPTEMBER 23-25, HOUSTON, TEXAS—Society of Professional Engineers, Annual Technical Conference. 

SEPTEMBER 30-OCTOBER 3, QUEBEC, CANADA-34th Canadian Chemical Engineering Conference and 9th 
Canadian Symposium on Catalysis. 

OCTOBER 2-4, KNOXVILLE, TENNESSEE—Oak Ridge National Laboratory and Department of Energy, 27th 
Conference on Analytical Chemistry In Energy Technology. 

OCTOBER 9-11, ATLANTA, GEORGIA—National Association of Corrosion Engineers, The Conference on Advances 
In Materials Technology for the Process Inch tries. 

OCTOBER 11-12, SACRAMENTO, CALIFORNIA—American Chemical Society, 20th Western Regional Meeting. 

OCTOBER 24-26, RALEIGH, NORTH CAROLINA—American Chemical Society, 36th Southeastern Regional 
Meeting. 

OCTOBER 29-NOVEMBER 2, SANTA MARIA, CALIPORNIA—.AAPG Research Conference, Exploration for Heavy 
Crude Oil and Bitumen. 

NOVEMBER 1-2, SPRINGFIELD, MISSOURI—American Chemical Society, 19th Midwest Regional Meeting. 

NOVEMBER 13-15, HOUSTON, TEXAS—American Gas Association, Edison Electric Institute, National Coal 
Association, National Council on Synthetic Fuels Production, and National Rural Electric Cooperative Association, 
7th International Coal and Lignite Utilization Exhibition and Conference. 

NOVEMBER 25-30, SAN FRANCISCO, CALIFORNIA—American Institute of Chemical Engineers, AICIIE Annual 
Meeting. 

DECEMBER 5-7, LUBBOCK, TEXAS—American Chemical Society, 40th Southwest Regional Meeting. 

DECEMBER 6-7, BRISBANE, QUEENSLAND (AUSTRALIA)—University of Queensland, Second Australian Workshop 
on Oil Shale. 

DECEMBER 9-13, NEW ORLEANS, LOUISIANA—American Society of Mechanical Engineers, Winter Annual 
Meeting.
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PROJECT ACTIVITIES 

SFC SETS ASIDE FUNDS FOR TWO SHALE 
PROJECTS; ONE PROJECT WITHDRAWN 

The period from March through May 1984 was relatively 
uneventful for projects that applied to the United 
States Synthetic Fuels Corporation (SFC) for financial 
assistance. The SF0 Board notified the United States 
Department of the Treasury to set aside funds for two 
projects that had previously received letters of intent 
from the SFC. (See page 2-5 of the December 1983 
Pace Synthetic Fuels Report for details of the proposed 
terms of the letters of intent.) On April 5, 1984 the 
Board set aside $2.7 billion for the Union Oil Parachute 
Creek, Phase It project. Similarly, on April 26, the 
Board set aside $2.19 billion for the Cathedral Bluffs oil 
shale project. 

Although both projects have received letters of intent 
and have funds set aside, neither project has received 
final approval of assistance. However, because of 
recent resignations of Board members, the SF0 Board 
now lacks a quorum to conduct business. Therefore, no 
oil shale projects will receive any awards until the SF0 
Board reestablishes the necessary quorum of four mem-
bers. The timing of any new appointments to the Board 
is presently unknown. 

In other actions, the SFC announced that prior to the 
Board meeting on April 5, 1984 the sponsors of the 
Means oil shale project withdrew from consideration 
under the third general solicitation. With the with-
drawal of the Means project, the SFC now has no 
eastern oil shale projects under consideration for finan-
cial assistance. However, the sponsors indicated that 
they intend to reapply for SFC assistance under the 
fourth general solicitation. 

TABLE 1 

STATUS OF OIL SHALE PROJECTS 
THAT APPLIED TO THE SFC FOR ASSISTANCE 

Project Sponsors status 

Union Oil Parachute Creek Union Oil Company of 
California 

Phase I Awarded $490 million 
— guarantee 

Phase Ii $2.7 lillion set aside; 
Letter of intent signed 

Cathedral Bluff a Cathedral Bluffs Shale 
Oil Company (Occidental $2.19 billion set aside; 
Oil Shale, Inc., and letter of intent signed 
Tenneco Shale Oil 
Company) 

Seep Ridge Geokinatics, Inc. and Latter	 of Intent pro-
limited partners posed

Paral,o-Ute	 Paral,o Development Car- Negotiating for Loan 
porstion, Texas Eastern 	 and price guarantees 
Corporation, Signal Corn- 
panics, Inc., and Ray-
mond International

Two other projects, Seep Ridge and Paraho-Ute, remain 
in consideration under the third solicitation. The SF0 
Board has authorized, but not signed, a letter of intent 
with the sponsors of the Seep Ridge project. The 
Paraho-Ute project is still negotiating for assistance 
under the third general solicitation, and has until Sep, 
tember 1, 1984 to meet conditions set by the SF0. 

The status of these four projects and the Union Oil 
Phase I project are summarized in Table 1. 

Recent SFC decisions regarding projects are depicted in 
Figure 1 of the article entitled "SF0 Makes One Award 
and Drops Nine Projects" in the General section of this 
issue of the Pace Synthetic Fuels Report. The status of 
all projects that applied to the S  for assistance are 
shown in Figure 2 in the same article. 

UNION OIL'S LATEST RETORT STARTUP ATTEMPT 
THWARTED BY NEW PROBLEM 

Union Oil Company of California (Unocal Corporation) 
has made several attempts to start up their oil shale 
retort since construction of the Parachute Creek 
project was completed in September 1983. The first 
few attempts were unsuccessful due to problems with a 
rotating scraper that removes spent shale from the top 
of the retort. The most recent start-up attempt 
occurred on April 28, 1984 and the scraper apparently 
operated successfully. However, a new problem with 
cooling the spent shale was encountered, and the retort 
was shut down. Modifications to the system are in 
progress, and another start-up of the retort will be 
attempted. 

The most informative official statement of Union's 
startup attempts was made by Fred L. Hartley, Chair-
man and President of Unocal, at the company's share- 
owners annual meeting on April 30, 1984. His state-
ments at the meeting regarding the Parachute Creek 
project are as follows: 

"On our other alternative energy front, we also made 
great progress in 1983 with our pioneering shale oil 
project. This is America's first such effort on a 
commercial scale. 

Last September, we completed construction and suc-
cessfully commissioned two of the project's three ele-
ments—the underground mine and the upgrading faci-
lity. 

Although significant progress has been made in starting 
up the third element, the upflow retort, start-up has 
proved to be more difficult than anticipated. 

Some background on the retort's design may be helpful 
in understanding the cause of the delay. Following the 
production of shale ore by the room and pillar mining 
method, the ore is crushed, sized, and conveyed to the 
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bottom of the 108 foot high structure standing on a 
bench cut into the mountainside. A 10 foot diameter 
rock pump slowly injects the oil shale rock upward into 
a large inverted cone, 34 feet high. 

As the ore is pushed up, hot gas is drawn down, heating 
the top of the shale bed to nearly 1,000°F and releasing 
the oil. While this is taking place, a rotating scraper, 
suspended from the top of the retort, guides the spent 
shale over the side of the cone and into disposal 
chutes or at least was supposed to. 

Preliminary testing in start-up runs demonstrated that 
the retort's most critical design feature, the rock pump, 
worked smoothly. A number of minor mechanical 
problems cropped up but were quickly resolved. Pro-
blems in the scraper mechanism proved more serious, 
however, and we were forced to return to basic re-
search to, first, understand what was happening and, 
second, find out how to correct it. We now have that 
knowledge. We have tested the new scrape design and 
it works. 

The retort was fired up to operating temperatures this 
past weekend, but we were unable to achieve sustained 
production. We shut down when we encountered pro-
blems in cooling the retorted shale. Briefly, the 
retorted shale is finer than originally anticipated and 
tenth to plug the cooling system. Over the next few 
weeks, we will make additional modifications in the 
system. I am optimistic that we will shortly overcome 
this mechanical problem, and that we will be up and 
running soon. 

In response to a solicitation from the United States 
Synthetic Fuels Corporation, we are negotiating a new 
price support agreement that would enable us to expand 
our shale oil operations over the next decade up to a 
total of 50,000 barrels per thy. Our final decision to 
proceed will not be made until the design, mechanics, 
and economics of the first 10,000 barrels per day pro-
ject have been confirmed." 

CATHEDRAL BLUFFS SUBMITS NEW 
DETAILED DEVELOPMENT PLAN 

In accordance with the terms of its lease, Cathedral 
Bluffs Shale Oil Company submitted a draft revision of 
its Detailed Development Plan for the C-b tract to the 
Department of Interio?s Oil Shale Project Office early 
this year. The revised plan outlines the development 
proposed with respect to C-b's application for financial 
assistance from the United States Synthetic Fuels Cor-
poration (SFC). The July 1983 term sheet signed with 
the SPC estimated total project cost (exclusive of 
pre-1984 sunk costs) at $1.8 billion, in as-spent funds. 

As pointed out in the DDP, the C-b tract has been 
under development since 1974. The C-b Lessees have 
spent over $330 million on the C-b Project since 1977. 
Efforts by Cathedral Bluffs, Fluor Corporation, Bechtel 
Engineers, B. M. Parsons Company, and Dravo Corpor-
ation have produced general logistical plans; plant lay-
outs; environmental, socioeconomic and water supply

plans; process analyses; etc. C-b has constructed three 
mine shafts with associated hoisting facilities, surface 
support facilities, utilities and off-site facilities. 

The master schedule (see Figure 1) outlines significant 
events leading to Initial production of oil. Included are 
engineering design, procurement, and construction ac-
tivities for a room and pillar mine, a single Unishale B 
aboveground retort, modified in situ retorts, and stir-
face facilities, oil upgrading facilities, and ancillary 
facilities necessary to produce about 14,100 barrels per 
calendar thy of upgraded shale oil. First oil production 
is projected for 1987, with full scale production in 1989. 

At the time of drafting the schedule, C-b had been 
hoping for an agreement with the SFC early in 1984. 
Events since the first of the year need no comment. 

Construction for the aboveground retort will precede 
the MIS facilities to allow independent start-up of each 
technology. 

There will be two types of mining operations—room and 
pillar and modified in situ (MIS). Both operations will 
be deep enough that no subsidence is expected to occur. 
The room and pillar mining horizon will be located 
approximately 1,340 feet below the surface, and con-
ventional room and pillar mining techniques will be used 
to extract a retort oil-shale feed with an average grade 
of 43 gallons per ton. Rooms 40 feet high by 40 feet 
wide will be created in each mining panel leaving 
40 feet wide by 80 feet long pillars. The room and 
pillar panels will be nominally 4,000 feet long by 
360 feet wide and will be separated by 160 feet wide 
pillars along their lengths. 

Large barrier pillars will be utilized between mining 
panels to carry the overburden load. Mining will be a 
two-pass operation: excavation of a 15 foot thick top 
slice, followed by benching of an additional 25 foot 
thick interval. Run-of-mine shale will be crushed to 
minus 8 inch nominal size by portable feeder breakers 
and transported via conveyors to a conventional skip 
hoist system. Under steady-state conditions, this sec --
tion of the mine will produce approximately 3.9 million 
tons of raw oil shale per year. 

The tops of the MIS retorts will be located approx-
imately 1,340 feet below the surface with the retort 
floors approximately 278 feet deeper. Three retort 
void rooms (upper, intermediate, and lower) will be 
mined in this interval to provide space for the oil shale 
between the void rooms to expand during explosive 
rubblization. Product level drifts will be located 
25 feet below the retort floors. 

Mining panels in the MIS section of the mine will 
consist of clusters, or rows, of four retorts with 50 feet 
between retorts and 150 feet between clusters. As in 
the room and pillar section, larger barrier pillars will be 
utilized between panels to carry the overburden load. 
Conventional drill-blast-muck methods will be used to 
form the access drifts and retort void rooms. 

About 0.8 million tons of raw shale with an average 
grade of 27 gallons per minute will be extracted from 
the mine each year under steady-state MIS operations. 

-

- 
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FIGURE 1 
CATHEDRAL BLUFFS MASTER DEVELOPMENT SCHEDULE 
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The current plan is to have the combined MIS and room 

and pillar mining yield an estimated 4.7 million tons per 

year with an average grade of approximately 40 gpt. 

An overview of the room and pillar and MIS mines is 

given in Figure 2. 

TheC-b tract contains 5,094 acres of oil shale reserve. 

The layout of the mine designates a plant pillar of 

418 acres beneath which productionmining will be 

prohibited. Setback requirements will prohibit mining 

under another 195 acres: 

Acres 

Room and Pillar 4,146 

MIS 335 

Mineable Area 4,481 

Shaft Pillar 418 

Boundary Set Backs 195 

Total C-b Tract 5,094

The MIS mine will be developed on three levels to 

prepare for retort rubblization. These three levels are 

the upper void level (which is also the ignition and air

level), the intermediate void level, and a combination 

lower void 
and

 product level. The upper, intermediate, 

and lower void levels will provide access to the retort 

for extraction of rock for retort void. The product 

level will be used for product collection and handling. 

Different sized modules of the MIS section will be 

placed together like building blocks, with several 

smaller units comprising the next larger unit, and so on. 

In this plan, there will be four retorts in a row which 

make up a cluster. Several clusters, or rows of retorts, 

will be combined to make up a panel, and many panels 

can be laid out to develop large portions of the tract! 

The mined retort void rooms on the upper, inter-

mediate, and lower levels are designed to provide the 

proper volume of void space into which the rock can 

expand during rubblization. Each level void will be 

developed across the 165 feet by 165 feet area of the 

retort with pillars left to support the roof until rubbli-

zation. 

During steady-state operations, five retorts must be 

developed 
and

 rubblized each year. 

A minimum commercial size MIS operation is planned 

to complement the room and pillar operation and pro-

vide steady-state MIS production shortly after the AGR 

steady-state is reached in 1989. 

• TI A C041•SAflfl 'CATTI TAWI lAiN I! VTLCR'CIT 

2-3	 SYNTHETIC FUELS REPORT, JUNE 1984 



Retort No. 6, one of the full-scale retorts at Occiden-
tal's Logan Wash Mine, was 162 feet square by 270 feet 
high, and the next two were 165 feet square by 243 feet 
high. The C-b retorts will be 165 feet square by 
278 feet high and are of the same design as Retorts 7 
and 8 at Logan Wash. 

Materials Handling 

Oil shale will be mined and crushed to a nominal 8 inch 
lump size underground before being hoisted to the 
surface. Raw shale preparation includes crushing the 
shale to less than 2 inch size and screening to remove 
fines at less than 1/8 inch size. Fines are expected to 
amount tor at least 8 percent of run of mine production. 
These fines will be discarded until suitable technology 
is developed for their use. 

C-b was assisted by Stearns-Roger in the selection and 
design of materials handling equipment and facilities. 
Crushing and screening test work conducted in 
April 1983 confirmed the equipment selection and prac-
tical design basis.

The spent shale from the aboveground retorting facil-
ities, plus discarded raw shale fines, will be deposited in 
two gulches east of the plant. Cottonwood, the west-
ern-most gulch, has capacity for 42 Million tons of 
material and will be filled during the first 12.5 years of 
operation. 

The second deposit area, Sorghum Gulch, will accom-
modate 130 million tons of material, which is sufficient 
for disposal through Project year 34. 

The disposal piles will consist of three zones of pro-
cessed shale, plus a foundation layer of coarse rock and 
a covering called the reclamation zone. The design of 
the piles calls for encapsulating the bulk of the uncom-
pacted spent shale (i.e., Zone II) within top and bottom 
compacted layers of spent shale (i.e., Zone I). in some 
areas the lone II shale will be slighuy compacted by 
construction equipment to facilitate the construction of 
Zone!. The exposed surfaces of lone! material will be 
covered with additional spent shale that in turn will be 
covered with top soil. The shale under the top soil will 
serve as a root zone for vegetation planted in the top 
soil. 

FIGURE 2 
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The lower portions of the gulches have rough terrain 
and will be evened out with the placement of coarse 
rock in 3 feet thick lifts. The rock will also facilitate 
natural drainage of minor seeps that may lie under the 
piles. Zone I will be a S to 10 feet thick compacted 
spent shale blanket that will lie beneath and over the 
Zone II material. The Zone II material will be deposited 
in nominal 50 to 120 foot high uncompacted lifts. 

The reclamation zone will consist of a S to 8 foot root 
zone of spent shale and a covering one foot layer of top 
soil. 

Aboveground Retorting (AGR) Facilities 

The first phase of the C-b Project will employ Union 
Oil Company's Unishale B Retorting technology to re-
tort raw shale produced from the Room and Pillar Mine 
as well as from the development of the MIS Mine. The 
retort unit will be identical to Union's Parachute Creek 
Plant. Any modifications made during the initial opera-
tion of the Parachute Creek Plant will also be included 
in the C-b Project. The plan does not foresee the use 
of the Unishale C process. 

The Unishale B Retort processes approximately 
11,800 tons per calendar day of raw shale on a dry 
basis. The retort will produce approximately 
11,000 barrels per calendar day of raw shale oil, under 
steady-state conditions; to this value, 2,260 barrels per 
calendar thy of MIS oil are added for a total raw shale 
oil output of 13,260 barrels per calendar day. 

The spent shale exiting the retort will be cooled with 
water, mixed with raw shale fines and flue gas desulfur-
ization sludge from the MIS process facilities, and then 
moisturized before being sent to processed shale dis-
posal. 

The high-BTU make gas from the retort is treated to 
remove C5+ material and then scrubbed to remove 
ammonia. 

Raw shale oil produced in the Unishale B Retort along 
with the MIS oil will be processed in the fractionation 
unit to remove ash, emulsified water (if any), and light 
hydrocarbons. The stabilized C5 product produced in 
this unit will then be sent to the upgrading facilities to 
produce a high quality syncrude. 

The ammonia-free AGR make gas will be treated in 
Union Oil's Unisulf process to remove H2S prior to its 
use in the plant fuel gas system. 

Two distinctly different crude oils are produced by the 
MIS process. Bulkhead oil is collected underground at 
the retort product level and a lighter oil is collected 
from the of fgas processing system on the surface. The 
combined oil production will be 2,260 barrels per calen-
dar thy. 

Under steady-state conditions, a cluster of four retorts 
will be constructed as a unit. The process is designed 
to burn five retorts per year, with four in operation at 
any given time. The burn period per retort will be 
292 days, requiring start-up of a new retort and shut-
down of an exhausted retort every 73 days.

The MIS of f gas, after processing, is a low-BTU 
(69 BTU/SCF LHV) gas. It will be burned in the steam 
generation system to meet the steam requirements of 
the total plant. Auxiliary fuel is not expected to be 
needed to burn this stream. 

Oil Upgrading Facilities 

Union Oil Company's upgrading technology has been 
selected to hydrotreat the raw shale oil. The oil 
upgrading facilities will be designed to process approx-
imately 13,260 barrels per calendar day of raw shale oil 
produced from AGR and MIS process facilities and 
produce about 14,100 barrels per calendar day of syn-
crude. The final syncrude product will have less than 
100 ppm nitrogen, traces of sulfur, a 25°F pour point 
and less than 0.5 ppm arsenic. 

The Hydrogen Unit is a conventional design that will 
use natural gas for feed. 

Utilities and Off-site Facilities 

The overall plant water requirements will be met by the 
mine dewatering operation. For the production of 
14,100 barrels per calendar day of syncrude, water 
produced by dewatering will exceed the demand for 
plant makeup water and the excess mine water will 
either be discharged to Piceance Creek, reinjected 
after filtration, or used for irrigation by sprinkling. 

Potable water will be produced from mine water that 
has been partially demineralized by electrodialysis unit. 

The syncrude pipeline to Rangely, Colorado will be 
designed to transport up to 14,100 barrels per calendar 
day of hydrotreated shale oil. This system could be 
expanded to about 25,000 barrels per calendar day with 
the addition of booster pumps at the pump station. 

The syncrude will be shipped to an existing Chevron Oil 
crude oil network at Rangely, Colorado, via pipeline. 
There are several alternative right-of-ways under con-
sideration. 

In order to meet the projected short-term housing 
demand of the temporary construction workforce, C-b 
plans to develop a single-status housing facility (man-
camp) on the tract. Approximately 40 acres have been 
identified to accommodate the facility, which will be 
designed for up to 850 units. 

Project Plan 

Under this plan, the target resource interval is ex-
pected to last approximately 34 years. 

The portion of the Tract where mining is expected to 
take place contains an estimated 434.1 million barrels 
of raw shale oil in place within the mining horizon. A 
total of 148 million barrels of raw shale oil (equivalent 
to 158 million barrels of syncrude) would be produced 
during the life of the project. 
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Under Section 7 of its oil shale lease, C-b must pay 
minimum royalties, which vary by the lease year. The 
production rate for computing minimum royalty for the 
sixth lease year is 616,000 tons of oil shale containing 
30 gallons per ton of shale oil which increases linearly 
to 6,160,000 tons of oil shale in the fifteenth lease year 
(1990) and thereafter. 

The equivalent oil shale production under this plan at 
steady-state in 1990 is estimated to be 6,270,000 tons 
per year, which just exceeds the minimum royalty. 

GARY REFINERY MODIFIED TO PROCESS 
SHALE OIL 

Gary Refining Company operates a refinery in Fruits, 
Colorado at the southwestern edge of the Piceanee 
Basin. Recent modifications that were made to the 
refinery to process shale oil were explained by George 
Gerson at the 11th Energy Technology Conference In 
Washington, D. C., on March 19, 1984. The title of his 
paper was "Shale Oil Processing Plans for Commercial 
Refining." 

The Gary oil refinery was constructed in 1957 by the 
American Gilsonite Company to process gilsonite, a 
solid hydrocarbon ore that is mined in Northeastern 
Utah. Gary Energy acquired the refinery in 1973 after 
American Gilsonite discontinued the refining of gilson-
ite. Over the past ten years the refinery has been 
expanded and upgraded into a modern facility capable 
of processing a wide variety of raw materials into 
finished transportation fuels. 

Two shale oil refining programs were conducted at the 
Gary site. In 1961 the facility processed over 
13,000 barrels of retorted shale oil from theUnion "A" 
retort semi-works project for the Union OilCompany. 
In 1975, 10,000 barrels of crude shale oil from the 
Paraho oil shale retort at Anvil Points was refined. The 
refining experiments provided data and experience in 
shale oil refining and established the Gary Refining 
Company as the first commercial-size refinery to pro-
cess significant quantities of Green River shale oil. 

Gary Refining now has a contract to purchase 
8,600 barrels per day of hydrotreated shale oil from the 
commercial Union Oil facility located 50 miles east of 
Fruits in Parachute, Colorado. A contract has also 
been signed with the Defense Fuel Supply Center to 
provide 5,025 barrels per day of shale-derived military 
jet fuel (JP-4) to the Air Force over a four year period 
beginning in June 1984. The shale oil will be refined in 
a blocked mode operation to ensure the JP-4 product is 
solely derived from the synthetic crude. 

Union's raw shale oil will be upgraded at their Para-
chute site into a high quality syncrude. A comparison 
of the projected syncrude properties with those of 
Colorado's Rangely crude is shown in Table 1. 

Rangely crude and the shale-derived syncrude are simi-
lar in gravity, pour point, and viscosity. However, the 
sulfur content of the syncrude is significantly lower due

TABLE 1

COMPARISON OF FEEDSTOCK PROPERTIES 

Union Oil	 Rangely 
Syncrude	 Crude 

Gravity (API) 37.3 34.4 
Sulfur (Wt. %) 0.0022 0.12 
Pour Point (F) 32 25 
Viscosity (SUS @ 100°F) 42.5 45.7 
Nitrogen (ppm) 55 600 
Arsenic (ppm) nil -

to the severe hydrotreating operations at the upgrading 
facility. Contaminants in raw shale oil such as arsenic 
and nitrogen are eliminated or very significantly re- 
duced at the Union Oil hydrotreater. Therefore, the 
upgraded shale oil can be processed by conventional 
refining facilities. In fact, a high quality JP-4 fuel is 
expected from simple fractionation in a crude unit 
without further treatment. 

The processing scheme that Gary will use to process the 
shale oil is geared toward maximizing the yield of JP-4. 
A simple block flow diagram is shown in Figure 1 with 
unit feedrates and product yields shown as daily aver-
ages. In reality, the refinery will process the shale oil 
at considerably higher rates on a blocked basis. 

The blocking operation is due to the Air Force require-
ments that JP-4 be produced solely from a shale oil 
feedstock. Therefore, the crude, vacuum, and hydro-
cracking units will be blocked out, each with a separate 
operating cycle. Without this Air Force requirement, 
the shale oil would normally be processed commingled 
with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via 
a pipeline from the Parachute upgrading facility to 
Gary's site. Construction of the pipeline will begin 
once shale oil production is underway. Trucks will 
deliver the initial shale oil production while the pipeline 
is being constructed. 

The shale oil will first be processed through the crude 
unit to yield JP-4, light gasoline; No. 2 diesel, and 
reduced crude. This unit was recently revamped to 
improve fractionating efficiency and was expanded to a 
capacity of 17,000 barrels per day. Reduced crude 
(crude unit bottoms) will be fed to the vacuum unit to 
distill gas oil from pitch. This unit was also revamped 
to improve fractionating efficiency to separate the 
relatively small percentage of pitch contained in the 
shale reduced crude. 

Fitch produced in the vacuum unit will be commingled 
with crude-derived pitch and processedthrough the 
coker. The commingled coker gas oils will be processed 
separately in the hydrocracker to prevent contaminat-
ing the feedstocks used to produce the JP-4 product. 
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FIGURE 1 

SHALE OIL PROCESSING SCHEME AT THE GARY REFINERY
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The hydrocracker, utilizing Union Oil cracking techno-
logy, is the heart of the processing scheme. This 
6,000 barrels per thy facility was installed mid-1963 
and is currently in operation. It is a single stage 
hydrocracker wflich operates at approximately 
2,000 psig and is capable of cracking gas oils into 
naphtha, kerosene type jet fuel (Jet A), military jet fuel 
(JP-4), or No. 2 diesel. When processing shale-derived 
gas oil, the operating conditions will be set to obtain a 
JP-4 yield of nearly 85 percent. 

Hydrogen consumption required to process the vacuum 
gas oil derived from upgraded shale oil is expected to 
be approximately 30 percent less than that required to 
process Gary's conventional crude derived gas oils. This 
lower consumption is due to the severe hydrotreating 
process in Union's upgrading facility. 

A summary of the projected overall refinery shale oil 
product yields is shown in Table 2. By gearing the 
operation toward a maximum production of JP-4, a 
yield of nearly 62 percent of this aviation fuel can be 
obtained. Product properties related to burning quality 
or engine performance characteristics are not expected

to be different from products derived from conven-
tional crude oils. The four year Air Force JP-4 testing 
program is designed to confirm engine performance 
with this fuel.

TABLE 2 

ESTIMATED SHALE OIL PRODUCT YIELDS 
AT THE GARY REFINERY 

Barrels Per Volume % 
Product Calendar Day on Feed 

JP-4 5,296 61.6 
Gasoline 499 5.8 
No.2 Diesel 2,500 29.1 
Propane/Butane 497 5.8 
Calcined Coke 73 0.8 

Total 8,865 103.1
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JP-4 product will be transported by rail to tankage in 
Salt Lake City, Utah and then pipelined to Hill Air 
Force Base in Utah and to Mountain Home Air Force 
Base in Idaho. Other shale-derived products such as 
gasoline and No. 2 diesel will be commingled with 
similar crude-derived products produced at the Gary 
facility and sold in local markets. 

The cost of refining Union Oil's upgraded shale oil is 
expected to be somewhat lower than that of conven-
tional crude oils. Severe hydrotreating at the upgrading 
facility results in a lower hydrogen requirement at the 
refinery and, thus, a lower operating cost. 

The Gary refinery will soon become the first commer-
cial facility to process the synfuel on an ongoing basis. 
The company expects that the end users of the products 
will not be able to distinguish between products derived 
fully or partially from shale oil and those derived from 
conventional raw materials. 

WHITE RIVER COMMERCIAL MINE 
NEAR COMPLETION 

The White River oil shale project on the Federal 
Prototype Oil Shale Lease Tracts Va and Ub is nearing 
the completion of the construction of the production 
decline and the ventilation shaft. The design, construc-
tion, and status of this commercial oil shale mine was 
recently summarized by Lowell B. Page at the 11th 
Energy Technology Conference on March 19, 1984. The 
title of his paper is "Commercial Mine Development-
White River Shale Project, Utah." 

In 1982 the White River Shale Oil Corporation 
(WRSOC), as agent for Phillips PetroleumCompany, 
Sohio Shale Oil Company, and Sun Shale Oil Company, 
began development of mine facilities for their planned 
commercial development of Tracts Va and Ub. The 
tracts encompass approximately 10,500 acres in north-
eastern Utah, and contain about 750 million barrels of 
recoverable oil. The oil shale reserves are in the 
Mahogany zone of the GreenRiver Formation that are 
similar to the equivalent oil shale in Colorado. How-
ever, the Uinta Basin is distinct from the Piceance 
Creek Basin in Colorado in that the Mahogany zone 
does not outcrop on the Ua-Ub tracts. Consequently 
the mine will be entirely an underground mining opera-
tion with access via shafts and declines. 

The commercial White River project consists of three 
stages. The first phase is envisioned to produce approx-
imately 16,000 barrels per day of shale oil from 
28,000 tons per day of ore. Phases U and Ill consist of 
expanding to 55,000 barrels per day and eventually to 
110,000 barrels per thy. 

At Tracts Ua-Ub, the Parachute Creek Member con- 
tains the principal oil shale beds with the higher grade 
beds in the Mahogany zone which is about 200 feet 
thick. The Mahogany zone in the Ua-Ub tracts is much 
thinner than in the Piceance Creek Basin in Colorado. 
Also, the extensive saline minerals and the large water 
bearing aquifers prevalent in the Piceance Creek Basin 
are of very minor significance or non-existent in the 
Uinta Basin.

The mining interval at Ua-Ub varies in depth below 
surface from 800 feet on the cast to 1,400 feet on the 
west. The minable, commercial grade ore reserves 
exist in a 70 foot interval. The initial Phase I mining 
plan for the White River Project will include the upper 
55 feet of this interval. The remaining lower 15 feet of 
ore will be included in the mining interval after exper-
ience is gain at the initial 55 foot interval. 

At the White River Project, the Birds' Nest aquifer 
situated approximately 300 feet above the mining inter-
val is the only water zone that is penetrated. All mine 
excavations are currently being grouted off as required. 

Mine Design 

To extract the ore from the 55 foot ore zone, a network 
of main entries will be mined in the lower 30 feet of 
the zone. These entries will extend out from the shaft 
station to a series of production panels using a conven- 
tional room and pillar system. A top heading will be 
used to mine the upper 25 feet of the mining zone and 
bench mining will recover the remaining 30 feet of ore. 
The room widths will be 55 feet and the pillars will 
measure 60 x 75 feet, thus extracting about 72 percent 
of the in-place reserves. 

Mining will be conventional drill-blast techniques using 
ANFO explosives. The ore will be hauled to feeder 
breakers on each bench level, then conveyed to a 
secondary crusher station at the bottom of the produc-
tion decline. The secondary crusher will reduce the ore 
to 2 inch top size and the rock will be conveyed to the 
surface. 

In early 1982 WRSOC completed trade-off studies com-
paring vertical and inclined access to the orebody for 
both production and service facilities. It was concluded 
that for Tracts Ua-Ub a conveyor haulage system 
through a production decline is preferable, and access 
or men, materials, and ventilation is best achieved 

through a vertical shaft. 

The production decline design includes a dogleg at the 
halfway point to permit the decline, service shaft, 
secondary crushers, conveyor feed system, maintenance 
shops and warehouse to be grouped in the common plant 
pillar. The upper leg of the decline is orientated such 
that it can be extended into the orebody for the 
Phase II expansion. By adding a second conveyor and 
additional crushing facilities, total mine capacity can, 
therefore, be tripled. The transfer station in the dogleg 
is located above the Birds' Nest aquifer to ensure dry 
conditions. 

The decline consists of 2,074 feet of a 12 foot by 
28 foot upper leg driven at 23.75 percent (13.21°) and 
approximately 2,500 feet of 12 foot by 18 foot lower 
leg driven at 26.8 percent (15°). A 137 foot by 12 foot 
by 18 foot bypass tunnel driven at a 3 percent grade 
provides a travelway around the dogleg. 

The service shaft will be 30 feet in diameter, concrete 
lined, and equipped with a tower mounted friction hoist 
and double deck service cage running on rigid guides. A 
small personnel cage and utility lines will also be in the 
shaft. The intake and exhaust shafts will be 30 feet in 
diameter and concrete lined with escape hoists in each. 
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Mill 

After design of the decline and shafts, WRSOC decided 
to initially only develop the production decline and the 
intake ventilation shaft with a connection underground. 
This system is depicted in an artist's conception in 
Figure 1. Frontier-Kemper Constructors of Evansville, 
Indiana was selected and awarded the contract to 
construct these initial portions of the mine. 

Mine Construction 

The air intake shaft is 30 feet I.D. with a minimum 
12 inch concrete lining to a depth of 1,010 feet. The 
shaft station has a bell section that leads into the 
station and access ramp to the bottom of the decline. 
There is also a mining level excavation connecting the 
shaft station to the decline. Mobilization for shaft 
sinking began in the winter of 1982 and the shaft was 
completed in December 1983. 

To sink the shalt, sandstones of the Uinta Formation 
and the marlstones of the Green River were drilled to a 
depth of 10 feet and blasted using Hercodyne explo-
sives. Grouting of the 125 foot thick Birds' Nest 
aquifer in the shalt was completed in two covers and 
the shaft is dry. As of the end of January the shaft 
station had been excavated and work was proceeding on 
the mining level and the ramp to the bottom of the 
decline.

Frontier-Kemper decided to try machine excavation of 
the decline and brought an E182 Paurat Roadheader 
onto the site in November 1982. The overlying sand-
stones of the Uinta Formation were cut with ease by 
the Paurat. Just above the dogleg the decline entered 
the Green River Formation with its much tougher and 
harder maristones which caused appreciable bit break-
age and significantly reduced roadheader production. A 
system was developed to combine drilling and blasting 
with trimming by the machine. As WESOC expected, 
advance rates of the decline varied with the material 
mined. In the Uinta sandstones, rates up to 20 feet per 
thy were obtained, while the marlstones of the Green 
River have slowed advance rates by 40 to 50 percent. 
The decline upper leg was started in November 1982 
and completed in July 1983. 

Because the shaft routing was completed prior to the 
decline reaching the acquifer, the experience gained 
from the shaft work was helpful in planning the decline 
grouting program. However, WRSOC made several 
additional adjustments as decline grouting progressed. 
As of the end of January 1984 the third rout cover was 
complete and decline excavation through this cover was 
about to begin. Grouting the 450 foot distance through 
the Birds' Nest has consumed 40,000 cubic feet of 
grout. The decline is currently making about 5 gallons 
per minute of water and only after full excavation of 
the aquifer through the rout cover will WRSOC know 
to what extent wall drying is required. White River 
desires a dry decline, if economically reasonable. 
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White River reports that they are very satisfied with 
the shaft and decline excavations. All mine excavation 
work under the Frontier-Kemper contract is expected 
to be completed by August 1984. 

White River Shale Oil Company is currently completing 
a Phase I and Phase II feasibility study to evaluate the 
proposed future expansion of Phase I to 55,000 barrels 
per day. A mine monitoring program is being estab-
lished so White River can incorporate actual mine 
conditions in its ongoing mine design program. The 
project sponsors believe that the opening of this first 
major mine into the oil shale deposits of Utah is 
another significant step in the development of the oil 
shale resources of the western United States,
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CORPORATIONS 

CENTER FOR SHALE OIL RESEARCH BEING 
ORGANIZED AT COLORADO SCHOOL OF MINES 

A Center for Shale Oil Research is currently being 
organized at the Colorado School of Mines under the 
auspices of the Chemical and Petroleum-Refining Engi- 
neering Department. This new Center will conduct 
research dealing specifically with shale oil—its extrac-
tion, properties, and processing. Emphasis will be 
placed on fundamental research consistent with the 
educational mission of the school and yet which pro-
vides valuable data for the sponsor. 

The Center will provide a focal point for liaison with 
sponsors, promotion of projects, and coordination of 
research activities. The responsibility for project man- 
agement and technical liaison will be maintained by the 
principal investigators. The Center will provide those 
services which are more efficiently handled through a 
cooperative effort. 

The Director of the Center for Shale Oil Research will 
be Dr. James H. Gary. Dr. Gary is the Director and 
Founder of the Annual Oil Shale Symposium at the 
Colorado School of Mines; has authored many articles 
and books on oil shale, synthetic fuels, and petroleum 
refining; and lectures internationally on the subject of 
petroleum refining. 

The concept for the Center is based on the recognition 
that even as commercial oil shale retorting and proces-
sing facilities are being designed and constructed, much 
fundamental data upon which the designs are based are 
either non-existent or of questionable accuracy. Typi-
cally, when data are lacking they are approximated by 
reference to conventional petroleum dat& it is well 
documented that the properties and behavior (thermal, 
chemical, and physical) of shale oil are quite dissimilar 
from conventional crudes, thus introducing a consider-
able degree of uncertanty and risk into subsequent 
designs. the primary function of the Center will be to 
acquire this needed information as efficiently and 
economically as possible. 

The Center will conduct research either for individual 
sponsors or joint venturers. When appropriate, the 
Center may also organize and solicit support for multi- 
client investigations. Attention will be given to the 
undergraduate and graduate education afforded by the 
research conducted and on faculty enrichment. 

Although the primary focus of the Center will be on 
shale oil-related research, occasionally a project may 
require input or technical support in other areas. Such 
support is available both from CSM personnel and 
contract organizations. Capabilities available on cam-
pus include mine and mine equipment design; rock 
mechanics; ore processing, including beneficiation; re-
source evaluation; trace element and other analytical 
analysis; water quality; and environmental science. A 
host of well-qualified laboratories are available in the 
Denver metropolitan area for the conduct of special-
ized analyses. The Center also has access to several 
outstanding technical libraries, word processing and

typesetting services, graphics and photography firms, 
and equipment fabricators. 

Equipment immediately available for use in Center 
research include calorimetric and phase equilibria ap-
paratus; thermal conductivity measurement apparatus; 
solvent extraction and shale oil pyrolysis/cracking 
equipment; batch and CSTR high-pressure autoclave 
reactor systems; organic/inorganic carbon analyzer, 
elemental analyzer; gas chromatograph/mass spectro-
meter; refinery gas analyzer; and capillary column/sim-
ulated distillation gas chromatograph. In addition to a 
variety of personal computers with extensive software, 
Center personnel can access the Colorado School of 
Mines DEC-10 mainframe computer. 

The Center is seeking responsible qualified sponsors for 
its first year of research. It also solicits suggestions 
and comments from the oil/shale oil industry at large. 
Research proposals and other communications should be 
directed to: 

Dr. James H. Gary, Director 
Center for Shale Oil Research 
Colorado School of Mines 
Golden, Colorado 80401 

it	 I * 

2-11	 SYNTHETIC FUELS REPORT, JUNE 1984



GOVERNMENT 

INTERIOR PROPOSES TO COMBINE THE 
OSEAP WITH THE ROST 

The United States Department of the Interior has 
indicated that it does not intend to continue the charter 
of the Oil Shale Environmental Advisory Panel (OSEAP) 
as it has existed in the past. Instead, it has been 
proposed to charter OSEAP as a sub-group under and 
reporting to the Regional Oil Shale Team (ROST). 

In a letter dated March 26, 1984, Assistant Secretary 
for Land and Minerals Management Carruthers noted 
that the General Services Administration as of April 28, 
1983 requires that sub-committees which function inde-
pendently of their chartered advisory committee have 
separate charters. As a result, the Bureau of Land 
Management has been directed to separate the Regional 
Oil Shale Team from the Coal Advisory Board to make - 
a clear distinction between the advisory groups for the 
coal and the oil shale program areas. The Department 
has also directed the Bureau to incorporate the OSEAP 
as a reporting sub-group to the ROST when the ROST 
charter is renewed. OSEAP will continue to function as 
a separate entity, but will report to the chairman of the 
ROST, instead of directly to the district manager. 

The proposed new charters for ROST and OSEAP are 
still under review by Washington.
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ENERGY POLICY & FORECASTS 

NRC DEFINES RESEARCH AND INFORMATION 	 Mining NEEDS FOR MANAGEMENT OF OIL. SHALE 
DEVELOPMENT	 Mining research should be sponsored to: 
Commercial development of oil shale depends on com-
plex politico-economic decisions related to world 
energy supply and on research that would make the oil 
shale resource economically feasible and environmen-
tally acceptable. Given the present level of knowledge, 
what research should the scientific and engineering 
community pursue to foster and support environmental-
ly acceptable oil shale development? Also, which parts 
of such research are most important to the Bureau of 
Land Management (BLM) in the performance of its 
statutory resource management roles? These questions 
were addressed by the Committee on Onshore Mineral 
Management Research of the National Research Coun-
cil. 

In its summary of findings, the Committee advocated 
the following roles for the BLM: 

• Provide coordination of an oil shale data base 
through a central repository and information 
center. 

• Provide coordination of non-proprietary re-
search through a committee made up of re-
presentatives from industry, state and federal 
agencies, and university groups. 

• Sponsor workshops and meetings for research 
information to be presented. 

• Encourage publication of research conducted 
through joint funding. 

The Committee urged the BLM to begin to play a major 
role in coordinating research and information. Because 
research on oil shale is believed to only marginally 
affect economies, the urgent need for future assess-
ment is not in evaluating data from models but the 
evaluation of data from actual commercial-scale opera-
tions. There will be little or no further progress in oil 
shale research and development until real and meaning-
ful data on mining costs and the environmental impacts 
of these mines and retorts become available. 

In spite of the above statement In the Overview section 
of the report, most of the specific suggestions for 
additional research do involve model studies of one kind 
or another. These suggestions are summarized as 
follows: 

Resarce Base 

Additional sub-surface data are needed for resource 
assessment, and for physical characteristics needed for 
design of mining and processing steps. Additional data 
on both oil shale and overburden are needed with 
respect to distribution and availability of trace metals. 
Work should be continued to find means to improve 
resource recovery efficiencies and the economics of the 
processes. The current concept of "fair market value" 
and its role in resource development needs serious study 
and re-evaluation.

• Optimize blasting materials and procedures 
• Develop movable primary crushers for in-mine 

use 
• Investigate applicability of continuous miners 
• Optimize design of large, stable, underground 

openings 
• Characterize the fire and explosion hazards of 

oil shale dust 
• Ventilate large openings 
• Suppress fire in crushed oil shale stockpiles. 

Retorting 

Research, whether the responsibility of the federal 
government or industry, should address basic process 
innovations rather than just refinements in existing 
methods. It should: 

• Seek to provide economies of scale 
• Find ways to direct retorting heat selectively 

to kerogen 
• Improve beneficiation techniques 
• Develop ways to use excess carbon early in the 

process 
• Develop economic source of additional hydro-

gen 

• Study non-thermal conversion of kerogen, e.g., 
microwave, chemical, or biological. 

• Depress the pour point of raw shale oil. 

Upgrading of shale oil was said to be a refining process 
for which there Is a wealth of technical experience. 
Thus, no research needs were suggested for upgrading. 

New Technologies 

Some frontier research pointed toward true In situ 
approaches is needed. In addition to the possibility of 
developing a totally new recovery technique, the broad-
est research needs are 

• Greater understanding of fracturing and frag-
mentation properties and methods. 

• Better knowledge of the basic physics and 
chemistry of retorting. Surprisingly little is 
known about the physical and chemical changes 
that take place over a broad range of temper-
atures and pressures. 

-
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Water Quantity 

A unified water-management scheme that maximizes 
industrial use of naturally saline waters, ensures against 
accidental discharges reaching the surface streams, and 
reduces input of degraded irrigation return waters is 
needed to improve the salinity of the Colorado River. 

The most pressing research need is for refinement of 
estimates of available groundwater in storage in the 
Piceance Creek Basin. This will require: 

• Deep drilling and aquifer testing of water-
bearing zones. 

• Development of models that simulate the flow 
of groundwater and dissolved minerals in the 
basin. 

Environmental Monitoring 

Establishment of regional and cumulative effects from 
multiple oil shale operations will require: 

• A data archive for the region on air and water 
quality and biota 

• Innovative statistical techniques to limit sampl-
ing and establish cause-and-effect relationships 

• Biomonitors for indicators of ecosystem stress 

• Control sites to differentiate natural fluctua-
tions from impact-related changes. 

Air Quality 

Air quality research needs to include: 

• A review of (a) atmospheric structure data for 
comparison with National Weather Service raw-
insonde stations, (b) upper-air data for suffi-
ciency to drive regional air-quality models. 

• A cooperative program between the BLM, For-
est Service, Environmental Protection Agency, 
Department of Energy, National Weather Ser-
vice, National Science Foundation, and indus-
try. 

• A regional observation network in air quality 
monitoring. 

Water Quality 

Water quality research needs to include: 

• Synthesize past and ongoing data collection 
efforts 

• Establish a regional monitoring system 

• Establish models to integrate solute movement 
with water movement.

Waste Management 

Waste disposal research needs to include: 

• Physical properties of processed shale wastes 
and variation of physical properties with time, 
pile depth, leaching, and environmental expo-
sure. 

• Chemical properties of processed shale waste 
and the variation of mineralogical and chemical 
properties with time and environmental expo-
sure. 

• Hydrogeologic properties of processed shale 
wastes and the variation of permeability with 
time and environmental exposure. 

• Evaluate possible chemical attenuation by 
strata underlying waste sites. 

• Overall geomorphic stability of processed shale 
land! orms. 

• Waste pile hydrologic transport models. 

• Methodology to reduce waste volumes and po-
tential hazards. 

Revegetatlon 

Research needed to develop a more thorough under-
standing of stable soil-plant systems on processed shale 
Piles: 

• How soil-forming is influenced by retort pro-
cesses and mineral composition. 

• New methods for physical and chemical analy- 
ses of raw and processed oil shale. 

• Test seed mixes, soil amendments, and fertil-
izers in relation to differing grades of oil shale, 
retort practices, and topographic-climatic re-
gimes. 

• Research to determine the competitive inter-
action of plant species. 

Wildlife 

Perhaps the most difficult activity to address or miti-
gate is the impact of larger human populations accom-
panying loss of critical habitat. Wildlife research needs 
to include: 

• Long-term inventory records and habitat utili-
zation maps for critical species. 

• 8ehavioral studies on key wildlife species. 
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ECONOMICS 

LOS ALAMOS BELIEVES HYTORT MORE ECONO-
MICAL THAN PARAHO FOR EASTERN SHALE 

Los Alamos National Laboratory has completed an 
economic comparison of four different retorting pro-
cesses for eastern oil shale. The processes were the 
IGT HYTORT process, the Paraho C-H (combination 
heated), the Pare-ho D-H (direct heated), and the 
Tosco II process. Some results of the study were given 
in a paper by W. J. Parkinson, T. T. Phillips, and J. W. 
Barnes at the oil shale symposium of theAmerican 
Chemical Society in St. Louis, Missouri, April 1984. 

A Kentucky Sunbury shale (Table 1) with estimated 
Fischer Assay oil yield of 9.2 gallons per ton was used 
for the material balance. The organic carbon content 
of this shale was 13.4 weight percent. It was assumed 
that product yields from the Paraho and Tosco U retorts 
would be comparable to the Fischer Assay product 
yields. HYTORT yields were estimated from experi-
mental PDU runs.

TABLE 1 

OIL SHALE ULTIMATE ANALYSIS 
(Weight Percent) 

Organic Carbon 13.40 
Mineral Carbon 0.82 
Hydrogen 1.61 
Nitrogen 0.42 
Oxygen 3.41 
Sulfur 4.02 
Ash 75.17 

Total 97.85

The Paraho C-H process combines, in one vessel, a 
retorting step and a combustion step. The combustion 
section was simulated using RETORT, a shale retort 
modeling program. RETORT calculations show that 
when large amounts of carbon are left in the spent 
shale, the large quantities of oxygen and diluent gases 
required to burn all of the residual carbon from the 
shale can actually quench the combustion. Introducing 
the combustion feed gas at several points creates stable 
combustion. Because of the large amount of residual 
carbon that is discarded with the spent shale in the 
Tosco If retorting process, the cost of oil from this 
process is very high. 

The Paraho D-H retorting process costs were said to be 
high for two reasons: first, because residual carbon is 
discarded; second, because of the large quantities of 
dilute gases that must be processed, the acid gas 
cleanup is very costly. 

Some of the more important economic factors are given 
in Table 2.

TABLE 2

COMPARATIVE ECONOMIC FACTORS 

Total Oil Oper-
Capital Pro- ating Product 

Cost duction Costs Cost 
(MM$) (BP SD) (MTMTY) ($/Bbl) 

HYTORT 2,187.5 58,575 428.2 48.00 
ParalioC-H 2,220.2 34,740 390.8 70.00 
Toscoll 2,240.0 36,620 389.8 75.00 
ParahoD-H 3,140.0 29,220 428.2 106.00

Results were based on the following assumptions. The 
retorts in each case processed 145,764 tons of shale per 
stream day. The delivered shale is purchased at $4.00 
per ton. Product cost was based on a debt-to-equity 
ratio of 72/25 and 13 percent rate of return on equity. 

The capital cost estimate for retorts used a technique 
based on dollars per pound of retort. in general, the 
Los Alamos estimates for retort costs are much lower 
than those prepared some time ago by Davy McKee for 
the Buffalo Trace Area Development District (BTADD). 
The BTADD study showed the Paraho C-H process to be 
more economical than HYTORT. However, Los Alamos 
calculated that even if the HYTORT retort cost twice 
as much as they estimated, and the Paraho only one-
half as much, the product cost ranking would not 
change (Figure 1).

FIGURE 1 
OIL SELLING PRICES

FOR VARIOUS PROCESSES
WITH DIFFERENT RETORT
MODULE CAPITAL COSTS 
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Indirect Retorting Process Acid gas removal for these processes is expensive, with 
high capital costs and high operating costs. Process 
optimization for each retorting process was not at-
tempted and therefore results depend on the acid gas 
process selected.

Oil shale plants will emit the primary pollutants (parti-
culates, sulfur dioxide, nitrogen oxides, carbon mon-
oxide, and hydrocarbons). Other potential "demiims 
pollutants" were not addressed in this work. 

Hydrotreating and the production of hydrogen for hy-
drotreating add significantly to the cost of the product 
shale oil. A product oil containing 500 ppm nitrogen 
was assumed. Table 3 lists some assumptions and 
results of the hydrotreater calculations. 

TABLE 3

HYDROTREATER ASSUMPTIONS AND RESULTS 

Fischer 

	

Hytort	 Assay 

	

Oil-	 Oil S 
- (Paraflo 

& Tosco) 

Feed 
Oil 

Nitrogen Wt% 2.2 1.5 
Feed Oil Gravity, API 10.5 19.3 
Product Oil Nitrogen, ppm 500 500 
Product Gravity, API 36.2 47.0 
Hydrogen Consumption, SCF/Bbl 2,300 1,600

Sulfur retention in the burned spent shale in the Paraho 
C-H case is an important economic parameter. The 
more sulfur that is retained in the burned spent shale, 
the more economical the total process is. 

The amount of oil produced per ton of shale is undoubt-
edly the most important parameter for computing the 
cost of the product oil. Los Alamos used 98 percent 
Fischer Assay oil yield for Paraho C-H and 100 percent 
for Tosco II, based on 9.2 gallons per ton. By contrast, 
the Davy McKee BTADD study used 12.5 gallons per 
ton. 

It would appear that the differing assumptions in the 
two studies inhibit a resolution of whether HYTORT or 
Paraho could provide a more economical process. 

AIR POLLUTION CONTROL FOUND TO BE LESS 
COSTLY FOR DIRECT RETORTING 

Stone and Webster Engineering Corporation and Denver 
Research Institute collaborated on a study for the 
United States Environmental Protection Agency that 
compares the costs of pollution control for two differ-
ent oil shale retorting processes.

Particulate —Matter 

Particulate emission sources are the mining, shale pre-
paration and handling, and retort systems. Equipment 
for control of particulates includes fabric filters, water 
and foam sprays, Venturi scrubbers, and electrostatic 
precipitators. 

Water, foam sprays, and fabric filters can be used in 
the mine. Fabric filters can remove dust generated by 
the crushers. Water and foam sprays are used during 
transporting and handling. 

The retorting feed hopper seal can be controlled with 
Venturi scrubbers or electrostatic precipitators. Gases 
leaving the spent shale cooler are sent through Venturi 
scrubbers. 

Indirect shale retorting processes may burn the retorted 
shale in a fluid or entrained bed combustor. Flue gas 
from the combustor requires a combination of cyclones 
and high temperature electrostatic precipitators. 

Sulfur Dioxide 

Nearly all of the organic sulfur and some of the pyritic 
sulfur is converted to hydrogen sulfide in the retort 
gases and the hydrotreating off-gases. These gases are 
used as fuel and thereby emit sulfur dioxide. 

Two alternatives were evaluated. The Stretford pro-
cess (Alternative 1) is selective to and capable of 
reducing hydrogen sulfide in the gas stream to low 
levels. However, COS and other sulfur compounds (non-
hydrogen sulfides) are not removed. 

• conventional alternative is the Amine/Claus process. 
• Wellman-Lord process was assumed for the tail gas. 
The Amine/Claus/Wellman-Lord should be capable of 
meeting the Colorado emission limit for sulfur dioxide 
(0.3 pound sulfur dioxide per barrel oil or 0.86 kilogram 
per cubic meter). A disadvantage is that the process is 
not selective to hydrogen sulfide, and the handling of 
carbon dioxide adds to costs. 

Another alternative for sulfur control is the absorption 
of sulfur gases onto the retorted shale. However, since 
these methods need further development, their costs 
were not estimated. This approach, in the authors' 
opinion, could significantly reduce capital and operating 
costs for sulfur dioxide emission control. 

!zdrocarbo-r 

Potential sources are the storage tanks, and leaks and 
spills. Raw shale preheat systems are potential emit-
ters. The foul water, ammonia recovery, and gas 
treatment systems are also potential emitters of hydro-
carbons. Floating roof tanks are usually adequate to 
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control emissions from storage tanks, but a vapor 
recovery system may be required. Catalytic converters 
on mobile equipment and combustion controls on boilers 
and heaters are used to control hydrocarbon emissions 
from fuel burning equipment. A thermal oxidizer or 
low flare will burn small vents of hydrocarbon gases. 

Carbon Monoxide 

The potential sources of carbon monoxide are the diesel 
mining equipment, the retort, and process heaters. 
Carbon monoxide is a product of inefficient combustion 
and is controlled by catalytic converters for mobile 
equipment, or an excess of oxygen to furnaces and 
heaters. 

9(eB glides 

The sources of NOx emissions are the mine, retort, and 
process heaters. Proper combustion techniques can be 
used to control this source. Fugitive ammonia emis-
sions from storage tanks are reduced by using refriger-
ated tanks. The cost of refrigeration is considered an 
air pollution control cost. 

Direct Retorting Process 

The direct oil shale process is similar to the indirect 
process except that an upgrading plant is not included. 
The retort heater is not required because alt injected 
into the bottom of the retort reacts with residual 
carbon to provide the process heat. 

However, the product gases become mixed with the 
process flue gases. Two alternatives for recovering 
energy from the low-BTU gas are burning in a combined 
cycle plant (Alternative 1) or in a direct fired boiler 
(Alternative 2). 

Particulates 

The major sources of particulate emissions are as 
before. In contrast to the indirect retort, however, 
filters instead of Venturi scrubbers were selected for 
the retort discharge. With the direct fired retort, the 
discharged shale is dry enough to make fabric filters 
practical. 

Sulfur Dioxide 

Similar to the indirect retort, some of the sulfur in the 
raw shale is converted to hydrogen sulfide in the retort. 
Some is oxidized to sulfur dioxide in the combustion 
section and is absorbed by calcium carbonate (CaCO3). 
The primary sources of sulfur dioxide emissions are the 
retort gas burning equipment. The sulfur dioxide con- 
trol employed depends on whether combined cycle or 
direct fired steam and power generation is used. 

In Alternative 1, combined-cycle, hydrogen sulfide is 
removed from the fuel gas stream with the Stretford 
process.

In Alternative 2, the retort gas is burned without treat-
ment in the boiler to generate steam and electricity. 
Sulfur dioxide then must be removed from the boiler 
flue gas. The flue gas desulfurization process uses a 
wet lime Venturi scrubber. 

!!yqcLcqqctntwn4 C arbon Monoxide 

Sources and controls for hydrocarbons and carbon mon-
oxide are the same for both direct and indirect retorts. 

NLtrog.eo P! 
A major potential source of nitrogen oxides can be fuel-
based nitrogen converted to NOx during combustion. In 
the direct-fired retort facility, there is no upgrading 
onsite and the retort gas is combusted in a boiler to 
generate power. The nitrogen oxide must be removed 
from the fuel gas stream to reduce NOx emissions in 
the boiler flue gas. Water scrubbers are used in both 
alternatives. 

Conclusions 

Tables 1 and 2 give a summary of significant para-
meters and pollution control costs in dollars per barrel, 
for the two facilities studied. 

The indirect retorting case showed higher costs because 
(1) Venturi scrubbers rather than fabric filters were 
required for particulate control on the retort gas, and 
(2) hydrogen sulfide removal costs were higher. Rea-
sons for higher Stretford costs in the indirect case were 
(1) in the direct case much of the sulfur is absorbed on 
the burned shale, and (2) the indirect case included an 
upgrading step and the sulfur removed in upgrading 
added to the Stretford load. These two factors over-
whelmed the effect of the larger gas volumes which 
have to be treated in the direct case. Because of the 
differences concerning upgrading, different feeds, etc., 
the authors warn that these two cases are not strictly 
comparable. 
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TABLE I

AIR POLLITFION CONTROLS AND COSTS - INDIRECT OIL SHALE PROCESS 

Number Per Barrel 
Emislons of Removal Control 

Controlled Control Location Units Efficiency 
1%)

Cost 
(5) 

Particulate Fabric Filter Raw Shale Mining, Trans- 9 99.7 0.07 
portatlon and Storage 

Venturi Scrubber Retort II 99.8 0.27 
Water and Foam Conveyor Transfer Points, - SO. 0 0.06 
Sprays Stockpiles, etc. - 

0.40 

502 Aiterniative I 
Stratford Gas Recovery I 99.0 0.92 

Alternative 2 

Amine (DEA) Gas Recovery 1 99.0 1.22 
Claus Amine Overhead 1 92.0 0.08 
Wellman-Lord Claus Tall Gas 1 95.0 0,25 

1.55 

HC and CO Low Flare and Gas Recovery 1 99.0 0.01 
Oxidizer 

Floating Roof Product Storage 3 - 0.004 
Storage Tanks 

Maintenance, etc. Valves, Pumps, etc. - 50.0 - 
Catalytic Converters Diesel Equipment - 95.0 0.00$ 

0.02 

NO1 Ammonia Storage Product Storage 2 - 0,004 

Total Alternative I 1.34 
Total Alternative 3 1.97 

TABLE 2

AIR POLLUTION CONTROLS AND COSTS - DIRECT OIL SHALE PROCESS 

Number Per Barrel 
of Removal Control 

Units Efficiency 
1%)

Coat 
($1 - 

14 99.7 0.06 

6 99.7 0.03 
- 50.0 0.06 

0.17 

1 99.0 0.39 

2 94.0 0.95 

2 - (0.009) 

(0.003) 

2 94.0 0.07 

2 94 0.08 
0.63 
1.20 

Emissions 
Controlled Control Location 

Particulate Fabric Filter Raw Shale Mining, Trsns-
portation and Storage 

Fabric Filter Retort Discharge 
Water and Foam Conveyor Transfer Points, 
Sprays Stockpiles, etc. 

so Alternative I 
Stretford Gas Treatment 

Alternative 2 
Lime Venturi Boiler Flue Gas 

Scrubber 

NC and CO Floating Roof Product Storage 
Storage Tanks 

Maintenance Valve,, Pumps, etc. 
Catalytic Converters Diesel Equipment 

NO Alternative 1 
CoolerAb,orbers Gas Treatment 
Alternative 2 
Ammonia Scrubber Retort Off Gas 
Total Alternative I 
Total Alternative 2
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MECHANICAL EXCAVATION SYSTEMS FOUND
	 machines, which are used in mining potash, weigh as 

USEFUL FOR OIL SHALE MINING
	 much as 205 tons. 

Work performed at the Colorado School of Mines under 
Department of Energy (DOE) funding to evaluate mec-
hanical excavation systems for oil shale is summarized 
in a DOE report, DE 83,016,121.	 - 

There are two separate aspects of a mining operation to 
which mechanical excavation equipment would be appli-
cable: development and production. For underground 
mining, the authors of the study suggest that develop-
ment headings using full-face boring machines could 
progress faster than conventional drill and blast, at 
lower cost. Partial-face machines can also be consi- 
dered for development mining. While their advance 
rate is considered to be less, the other advantages are 
similar to the (till-face machines. 

In a production mining mode, it is difficult to compete 
with large-scale blasting in terms of costs for breaking 
rock. If, however, the side benefits of mechanical 
excavation are taken into account, there Is a chance 
that overall costs will be reduced. Several advantages 
can be identified: 

• Reduced damage to roof and pillars 
• Controlled, uniformly sized muck 
• Suited for continuous material handling 
• Continuous in nature, no blasting delays 
• Easily adapted to mining selective zones. 

Several of the above advantages of mechanical excava-
tion for an underground mine should also be applicable 
to a surface operation. Currently no machines are 
capable of competing with conventional large-scale pit 
mining. However, conceptualizations indicate that 
machines could increase the efficiency of an open-pit 
operation. In particular, the ability to improve average 
grade through selective mining has been shown to 
dramatically improve potential returns. 

Evaluation of Mechanical Excavation Systems 

The study included a literature survey of the types of 
mechanical systems which might be applicable to oil 
shale, including: 

Continous Miners 

The major disadvantage of the continuous miner is the 
limitation on the amount of force that can be supplied 
to the cutting drum. Because of this, their application 
has been limited to mining relatively soft rock. How-
ever, heavier and more powerful machines are being 
built. 

Borü'y 2Qn1Q1a9!Aln.e!! 

The boring-miners utilize twin rotors, a drum cutter, 
and a cutter trim chain for cutting an ovaloid opening. 
The largest crawler-mounted machines built to date cut 
a face area 4 meters high and 6 meters wide. These

Boom 7yIm_qottinuous Miner 

Roadheaders can cut harder material than the contin-
uous miners because the machine power is concentrated 
over a smaller number of bits. They produce less dust 
and can negotiate steep grades and tight crosscuts. The 
major shortcoming of roadheaders relates to the 
production rate they can achieve. 

Undercutting Boring  

The Mini and Midi Fullfacers undercut the rock by 
creating a groove about 20 centimeters behind the face 
and breaking the rock out to the face. The rotating 
cutterhead is mounted on a horizontal axis at right 
angles to the tunnel axis. At the start of a new cutting 
cycle, the cutterhead is swung upward at an angle of 
155° from its downward position. 

Slot-Machine-

Basically, the Slot Machine works on the same principle 
as a tunnel-boring machine (TaM). Unlike a TBM, 
where the cutterhead rotates about a horizontal axis, 
the cutterhead of the Slot Machine rotates on a vertical 
axis. This results in a rectangular rather than a 
circular bore and is used in cutting a mine floor. 

Ht Mining Mq9tllI1e 

A preliminary design for a prototype Haspert machine 
would mine a heading approximately 7 meters wide and 
6 meters high. The machine uses a series of scalpers 
and kerf-core discs to break oil shale in a two-step 
action. In step one, the scalper assemblies cut relief 
grooves while the kerf-core discs cut every other 
groove. During the upward stroke (step two), the discs 
are allowed to roll and rupture the shale cores left 
between grooves. 

Alkirk Shale Miner-

The operating principle of the machine is analogous to a 
wood bit augering a hole through a block of wood. As 
the machine advances into the rock, the cutting edges 
shave off a thickness of rock equal to the advance of 
the machine. 

I ei rp&Ldachines 

AU TBMs cut rock with the same principle. A large 
rotating wheel fitted with roller cutters is used to cut 
or spall the rock. The machine grips itself In the tunnel 
using a set of anchor path reacting against the tunnel 
walls. 
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Mobile Miner 
The mobile miner is a new machine concept under 
development by the Robbins Company. The machine 
uses disc cutters mounted on a rotating moveable head. 

!c.14a Borii	 eb 

1-larrison-Westernis developing a machine to excavate 
rectangular mine entries and haulage ways in hard rock. 
The concept is similar to the slot machine discussed 
earlier where a typical TBM cutterhead has been turned 
on its side and rotates about a nearly vertical axis. 

Laboratory Physical Property and Cutting Tests 

The CSM study encompassed laboratory and experimen-
tal tests. 

24! ShaleY!iY!1c Properties 

Extensive physical properties tests on oil shale were 
undertaken. Compressive and shear strengths of oil 
shale place it in the crossover region between suitabi-
lity for drag bit cutting and the requirement for roller 
cutters. Any mechanical excavation system will have 
to deal with quite variable material properties. The 
Young's modulus and shear strengths of oil shale class-
ify it as a very tough rock. 

LinearcLIttiIjF5t5 

To determine the effect of direction of cut, several 
tests were performed on oil shale of approximately 
30 gallons per ton. Three directions of cut relative to 
the bedding planes or verve structure were used. 

A dramatic difference in cutting forces relative to 
direction being cut was found. Cutting parallel to the 
bedding plane with the tool perpendicular to the bed-
ding plane gave by far the best results. An important 
factor is the bit wear rate. Due to the limited amount 
of cutting, no quantitative analysis of bit wear could be 
accomplished. 

!t!rI 2!t1!lttet! 

Several tests were run in oil shale using a boom miner 
cutterhead. The large block of Mahogany Zone oil shale 
used was characteristically banded with grades of 10 to 
40 gallons per ton, and an average grade of 25 gallons 
per ton. The most important finding from these tests 
was the effect of thrust on cutting performance. At a 
low thrust of 20,000 pounds, barely any rock was cut as 
the thrust level was insufficent for individual bits to 
Effectively penetrate oil shale. Increasing the thrust to 
40,000 pounds dramatically increased the penetration 
rate, indicating there is a critical thrust one must 
exceed to obtain efficient cutting. Below this critical 
thrust "glazing" occurs, a phenomenon which results in 
very little cutting accompanied with extensive heat 
build-up on the bits.

Economic Evaluation 

An economic evaluation was carried out to compare a 
mechanical excavation system to conventional drill and 
blast methods. The greatest potential for mechanical 
fragmentation machines will probably be in providing 
low cost mine access drifts. 

Actual conditions at a site will dictate the machine 
design, rare of advance, and the economic conse-
quences. The importance of the rock strength on 
penetration rate is Illustrated in Figure 1. Above a 
rock strength of 10,000 psi, the penetration rate de-
creases rapidly. As is evident in this figure, the actual 
rates achieved under field conditions are approximately 
only 40 percent of the estimated theoretical penetra-
tion rates. This is partly because the actual time a 
machine is cutting is normally less than 50 percent of 
the time during a project life. 

iGuae I 

COMPARISON OF THEORETICAL PENETRATION 
RATES VS ROCK STRENGTH 

THRUST • 960000 LOS 

NUMBER CUTTERS • 24 
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The computer program developed in the study was used 
to make a comparison between tunnel boring machines 
and conventional drill and blasting. Figure 2 shows the 
cost per foot of driving a tunnel of varied lengths using 
the two methods. For tunnels of less than 20,000 feet 
the cost per foot of advance is much cheaper using 
conventional drilling and blasting. As the length of 
excavation or tunneling increases, TBMs become more 
cost effective. 

The investigators concluded that, on the basis of cur-
rent technology, tunnel boring machines, slot machines, 
and rectangular boring machines appear to be best 
suited for long drives. In terms of immediate applica-
tion, full-face machines using disc cutters remain the 
best choice because of their high production rates and 
proven concept. For future applications in development 
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FIGURE 2 

COST COMPARISON FOR CONVENTIONAL MINING 
AND TUNNEL BORING MACHINE 

LENGTH. FT 

work, anticipated improvements may make the boom-
type miner attractive. For a production application 
using existing technology, boom-type miners, contin-
uous miners, and the mobile miner appeared most 
favorable. These machines ranked only marginally 
above drill and blast. The future potential for mechani-
cal excavation in production is excellent. As larger, 
more specific machines are developed for production, 
mechanical excavation is expected to dominate. Boom-
type miners, continuous miners, and the mobile miner 
have the best potential, mainly because of mobility and 
flexibility. Two full-face machines, the rectangular 
boring machine and the slot machine, show considerable 
potential for high production rates.
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TECHNOLOGY 

TREE PROCESS OFFERS IMPROVED 
EFFICIENCY FOR IN SITU RETORTING 

The Western Research Institute (formerly the Laramie 
Energy Technology Center) is developing a new techni-
que for in situ recovery of oil shale and other hydrocar-
bon resources. This process, Total Resource Energy 
Extraction (TREE), uses heat produced by underground 
coal conversion to recover hydrocarbon resources. 
James R. Covell recently explained the TREE process 
at the 17th Oil Shale Symposium in Golden, Colorado. 
The title of his paper presented on April 16, 1984 is 
"Indirect In Situ Retorting of Oil Shale Using the TREE 
Process." 

Process Description 

Conventional in situ processes rely on direct combus-
tion or steam injection to retort the oil shale and sweep 
the products from the rubble bed. In these processes, a 
portion of the product oil is consumed above roundto 
generate steam, or residual char and part of the oil is 
burned internally to heat the rubble bed. Nonuniform 
flow distribution through the oil shale rubble can result 
in large oil yield losses and incomplete retorting. In 
leaner shales, these losses may exceed the total recov-
erable energy in the shale zone. 

The researchers believe that a more promising techique 
for development of the oil shale resource is to retort 
nonuniform rubble beds or fractured formations indi-
rectly using a hot inert flue gas. This flue gas can be 
produced by underground gasification and/or combus-
tion of coal seams that underlie portions of the oil shale 
resource. The underlying coal affords a simple method 
of separating the combustion and retorting zones to 
reduce product oil yield losses. A simplified diagram of 
the TREE process is shown in Figure 1. 

FIGURE I
TREE'3 CONCEPT

DII. 

The in situ retort can be developed by enhancing the 
permeability of the oil shale by conventional techniques

such as surface uplift, hydraulic fractures, or modified 
in situ blasting. These techniques do not provide 
uniform particle sizes or flow distribution, but non-uni-
formities are not detrimental for indirect retorting 
with a hot inert flue gas. 

Ideally, the coal lies underneath the primary resource 
for oil production, but the coal can also be gasified 
within a few miles of the primary resource. In the 
initial stages of the process, the products of coal 
gasification are burned at the entrance to the oil shale 
recovery zone to provide the process heat. When the 
heating value of the gas decreases and cannot be burned 
at the entrance to the retort, the remainder of the coal 
can be burned directly (rather than gasified) to provide 
a high temperature flue gas for continued retorting of 
the oil shale. 

Environmental benefits may be achieved by the TREE 
process because the decomposed carbonate minerals in 
the retorted shale can react with the sulfur compounds 
in the flue gas. Therefore, the hot retorted shale bed 
cleans the flue gas from the underground coal conver-
sion before the gas is mixed with the retorting pro-
ducts. Similar benefits are possible in applications of 
the TREE process to tar sand, heavy oil, and coal 
deposits. 

Research and development of TREE technology is plan-
ned as a multi-phased project. In the first phase, 
laboratory experiments and modeling studies are being 
conducted to verify the feasibility of the process. 
Broad resource characterization is also being performed 
during this phase. The second phase consists of a 
continuation of laboratory experimentation, detailed 
characterization and design, and environmental permit- 
ting. Field testing will be conducted during the last 
phase. 

Modeling Results 

The researchers are using existing computer models of 
underground coal conversion in thin seams and indirect 
retorting of oil shale rubble to evaluate the individual 
portions of the TREE process. The Lawrence Liver-
more National Laboratory (LLNL) 1-dimensional retort-
ing model is being used to predict the corresponding 
processing rates for a shale grade of 44 liters per tonne 
(10.5 gallons per ton). Dimensions of the oil shale 
retort have been selected to correspond with the fuel 
energy production from the underground coal conver-
sion. These calculations are based on the resource 
properties in the southwest portion of the Washakie 
Basin. For the preliminary evaluation of the TREE 
process, the flow distribution was assumed uniform. 

The current model calculations are based on retorting 
oil shale with 727°C (1,340°F) inert flue gas at a 
minimum superficial gas velocity of 1.65 cubic meters 
per square meter (5.4 cubic feet per square foot) 
through the rubble bed. At this temperature, retorting 
rates are reasonably fast, and there is relatively slow 
decomposition of the carbonate minerals in the oil 
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shale. The superficial gas velocity is over twice the 
rate used in previous field tests with surface uplift 
rubbling technology. In this preliminary evaluation, the 
researchers used the higher gas velocity because gas 
flow distribution is less critical for intifreet retorting. 
Therefore, a larger ratio of retort width to length is 
possible with the TREE process; this greater ratio 
maximizes oil production rates without increasing over-
all pressure drop. 

For this preliminary evaluation, the researchers as-
sumed equal weights of 7.6, 15.2, and 22.8 cm (3, 6, and 
9 inch) diameter particles comprise the entire bed of oil 
shale rubble. With these large particles, the model 
calculates a nearly constant retorting rate of about 
1.4 meters per day (4.6 feet per thy) with an average 
11.3 percent oil yield loss due to coking inside the shale 
particles. The retorting rates, coking losses, and pro-
duction rates at 5-thy intervals are summarized in 
Table 1. 

The model predicts that there is initially only a small 
amount of coking, because the first shale oil is pro-
duced entirely from the outer surfaces of the rubble 
particles. As the retorting progresses to the production 
well, the oil yield loss approaches a maximum value 
corresponding to the final shale oil production from the 
interior of only the largest particles. Therefore, the 
predicted oil yield is 88.7 percent of the assay oil in the 
rubble bed.

TABLE I

PREDICTED RETORTING TRENDS DURING A 
20 DAY OPERATING PERIOD or THE TREE PROCESS 

Bat inlet Gas Temperature	 . 727'C 
Superficial Gas velocity	 . 1.65 m3/m2-min 
Inlet Sensible Heat Flux	 - 100.000 kJ/mZ-.hr 
Oil shale Grade	 - 44 liter/tome 

Time Retort- Percent Dry Product 
After ing of Oil Production Be,- Gas Heating 

Rate CcJed Oil Gas Value 
(days) (n/thy) 1%) (kg/m2 (rn3/rn2 (kJ/m3) 

-day) -mm) 

5 1.4 9.2 101.0 1.65 909 
to 1.4 11.6 97.9 1.81 987 
15 1.4 13.4 95.4 1.82 1,017 
20 1.4 14.9 93.0 1.81 1,034

Laboratory Screening Tests 

The screening tests were conducted in the Western 
Research Institute's low void retort. (See page 2-23 of 
the September 1983 PaceSynthetic Fuels Report for an 
explanation of the low void retort.) The objectives of 
the first screening test were: 

• Determine oil yield, coking losses and product 
quality resulting from indirect retorting of oil 
shale with a simulated combustion coal gas. 

• Determine the ability of the shale to remove 
sulfur from the simulated combustion coal gas. 

• Identify potential technological problems asso-
ciated with the TREE process.

The operating conditions for this test are summarized 
in Table 2. The operating conditions for Test No. 2 arc 
also listed for comparison.

TABLE 2 

LOW VOID RETORT EXPERIMENTAL OPERATING
CONDITIONS TO TEST THE TREE PROCESS 

The injection gas represents the expected dry gas 
composition produced from combusting a coal similar to 
the coal found in the Washakie Basin of Wyoming. The 
flow rate chosen by the researchers is considered to be 
the maximum allowable in a surface uplift retort. The 
actual flow rate in a field retort is dependent on retort 
characteristics such as gas losses and pressure drop. 

TABLE 3 

PRELIMINARY TEST RESULTS OF
THE TREE PROCESS 

Hours 

Total Operating Time 106 
Retorting Time 80 

Percent 
Oil Recovery 68 
Sulfur Dioxide Recovery (gas Stream) 40 
Coking Loss (weight) 19 
Cracking Loss (weight) 15 
Sweep Efficiency 100 
Production Gas Composition 

Nitrogen 79.70 
Carbon Dioxide 19.90 
Sulfur Dioxide 0.3 
Hydrogen Sulfide 0.09 

Retort Heat Loss 25 

Table 3 summarizes the preliminary results of the first 
screening experiment. Oil recovery is 68 percent of the 
Fischer Assay yield due to large coking and cracking 
losses. The researchers believe that the large coking 

Teat No. 1 Test No. 2 

Injection Gas Composition 
Nitrogen 1%) 80.3 68.3 
Carbon Dioxide 6%) 18.9 16.3 
Sulfur Dioxide 1%) 0.8 0.5 
Steam (%) . 14.9 

Injection Ca, rlowrate 1.6 m 3/mI-min 1.8 m3/m2-min 

Average Injection Gas ('C) 668 716 
Temperature 

Retort Shale Charge (kg) 335 161 
Shale Block Layer, 16 11 
Particle Sizes teen, x 10cm t 20cm

- 

1.3cm x 7.6cm 
10cm x 10cm t 20cm 10cm x 10cm x 15cm 

Oil Shale Grade 71 liten/tonne 91 liters/tonne 
Retort Void Volume 6%) 11 36
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loss is a result of the large heat loss out of the retort. 
The cracking losses occurred in the top section of the 
retort where a large temperature differential existed 
between the retorting oil shale and the surrounding gas. 
The researchers believe that In the actual field applica-
tion of the TREE process, cracking can be reduced by 
Initially reducing the temperature of the retorting gas, 
and the coking losses would also be reduced because of 
the higher insulating properties of an in situ retort. 

A major objective of the first screening test was to 
determine the sulfur removal capability of the retorted 
shale whereby minerals in the retorted shale can react 
with the sulfur dioxide in the gas to form sulfates. The 
researchers believe that the test results (80 percent 
reduction in the sulfur dioxide In the outlet stream and 
an increase in sulfur content of the retorted shale) indi-
cate the validity of this process. 

Another mechanism that may contribute to the sulfur 
dioxide removal is the reaction between sulfur dioxide 
In the injection gas and the hydrogen sulfide produced 
from retorting. The intermediate products of this 
reaction are viscous liquids known as Wachenroder 
liquids which have been known to produce plugging 
problems. The researchers note that there are some 
indications of the Wachenroder liquids in the test 
product; however, no plugging problems were encount-
ered. 

The analysis of the test results presented in the paper is 
preliminary. A comprehensive analysis of the two 
screening tests will be presented later. However, the 
researchers have drawn the following tentative conclu-
sions from the first test: 

• Large coking losses result from heat losses in 
the retort. 

• Large cracking losses in the upper layers of the 
retort resulted from large temperature differ- 
entials between the retorting oil shale and the 
surrounding gas. 

• Sulfur dioxide is removed from the injection 
gases by reactions with the minerals in the 
retorted oil shales. 

• Some sulfur dioxide reacts with hydrogen sul-
fide to produce viscous substances known as 
W achenroder liquids. 

• Sulfur dioxide removal is proportional to oil 
shale particle size (surface area). 

Field Tests 

Occurrences of coal in association with oil shale, tar 
sand, and heavy oil deposits have not been character- 
ized in detail because previous geological investigations 
have generally focused on a single primary resource. 
The invention of the TREE process has initiated prelim-
inary research to rediscover documented evidence of 
these resource associations. Significant joint occur-
rences of oil shale and coal have been identified at five 
separate locations in south central and south western 
Wyoming.

FIGURE 2 
POTENTIAL TREE9 RESOURCES 
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Sites

Other areas may be even better suited for TREE, but 
only the five sites in Figure 2 have sufficient geological 
characterization for current planning and evaluation of 
initial TREE tests. 

Of the five sites, Site 5 has had the most definitive 
characterization of the coal and oil shale resource. 
Portions of the Tipton and Laney Members contain 
about S billion barrels of oil in place. Six coal seams 
with thicknesses of 4 to 8.5 feet are located less than 
800 feet beneath the Tipton Member. The researchers 
believe that this southwest portion of the Washakie 
Basin possesses the most promising characteristics for 
initial testing of the TREE technology. The coal seams 
appear ideally suited for reverse combustion linking and 
have the proper stratigraphic relationship to the oil 
shale resource. There is a large resource of shallow 
shales for surface uplift rubbling, deeper deposits to 
test combinations of hydraulic and explosive fracturing, 
and mineable sections that are suited for developing 
horizontal modified in situ processing technology. The 
high sulfur content of the coal also provides the oppor-
tunity to verify laboratory studies of the sulfur removal 
by the retorted shale. Therefore, all of these TREE 
process applications can be tested in this one geo-
graphic region. 

UNION PATENTS DRY SEALING LEG FOR USE 
WITH UHLSHALE "C PROCESS 

United States Patent 4,435,271 issued March 6, 1984 to 
R. F. Deering and S. H. Duir, assigned to Union Oil 
Company of California, describes a process for remov-
ing spent shale from a Unishale "B" retort under hot, 
dry conditions, then grinding it and burning off the 
carbon residue in a fluidized bed. This is the Union 
process variation known as Unishale "C." The title of 
the patent is "Oil Shale Retorting Process With a 
Moving Bed Pressure Letdown Stage." 

Referring to Figure 1, raw crushed oil shale with aver-
age particle size of 1/8 inch to about 2 inches diameter 
is fed into the Union "rock pump" retort The raw shale 
passes upwardly through a lower preheating zone and an

- 
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upper retorting (or pyrolysis) zone. Temperatures in 
the lower portion of the retort are sufficiently low to 
condense product oil vapors from the superjacent re-
torting zone. As the shale progresses upwardly through 
the retort, its temperature is gradually increased to 
retorting levels by a countercurrently flowing pre-
heated recycle portion of the retort product gas. This 
product gas, and hence also the recycle gas, are of high 
BTU content, generally between about 700 and 
1,000 BTU per cubic feet. Retorting temperatures are 
preferably between 900° and about 1,200°F. Gas tem-
peratures above about 1,300°F should not be exceeded 
since excessive shale oil cracking will result. Retorting 
shale residence times are usually about 30 minutes to 
about one hour, at feed rates between about 400 to 
2,000 pounds per hour per square foot of cross-sectional 
area in the retort. 

Retorting pressure at the top of the retort is usually 
about 25 psia. The recycle gas now rate is typically 
about 14,000 standard cubic feet of recycle gas per ton 
of raw shale feed. The temperature differential be-
tween the recycle gas and solids at the top of the 
retorting zone is usually between 10 0 and 1000F. Exces-
sive temperature differentials, e.g., in excess of about 
400°F should be avoided to prevent thermal stress in the 
metal of the retort. 

The recycle gas passes downwardly into the lower 
portion of the retort wherein the cool oil shale con- 
denses the shale oil vapors, and thence into a product 
disengagement zone. This disengagement zone com-
prises peripheral slots through which liquid shale oil and 
product vapors flow to product collection.

After retorting, the shale particles at a temperature of 
900° to 1,000°F are removed from the upper portion of 
the retort. The shale particles are withdrawn from the 
retort by a screw conveyor and transported successively 
through the sealing leg, a crusher, a gas lift, a cyclone 
separator, and thence into a fluidized bed combustor. 
In Figure 1, the sealing leg is shown as a single vessel, 
but in actual practice one or more sealing legs may be 
employed, operating in parallel with individual crushers, 
gas lifts, and cyclone separators. In the preferred em-
bodiment, two are employed. 

The sealing leg is described with reference to Figure 2. 
Its function is to isolate the retort from the crusher 
using a bed of descending retorted shale particles to 
induce appropriate pressure drop resistances to the flow 
of sealing gas. In operation, the sealing gas, which may 
be steam or inert gas, is directed into the upper portion 
of sealing leg at a rate and pressure sufficient to 
overcome the pressure drop in the upper portion of the 
shale bed in the sealing leg and provide a positive 
pressure at the top thereof which somewhat exceeds 
the retort gas pressure. A small portion (5 percent or 
less) of the sealing gas leaks back into the retort. The 
remainder of the sealing gas flows downwardly in co-
current flow with the descending shale particles. Even-
tually, the bulk of the downward traveling sealing gases 
exits at the bottom of. the leg, but some will traverse 
the entire length of the seal leg and leak into the 
crusher. 

In the preferred embodiment, the sealing gas introduced 
into the sealing leg is steam, for as it travels in co-
current flow with the descending shale particles, the 
steam reacts with residual coke and sulfur components 

2-25	 SYNTHETIC FUELS REPORT, JUNE 1984



FIGURE 2 
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on the retorted shale particles to produce carbon mon-
oxide, hydrogen, hydroearbonaceoun gases, and hydro-
gen sulfide. This mixture of gases may be sent to a 
scrubber (not shown) for separation and recovery. 

From the sealing leg the retorted and steam-treated 
shale particles are transported by screw conveyor to 
the crusher at a temperature of about 800 0F. In the 
crusher, the shale particles are reduced to between 
about 1/8 and 1/4 inch. 

From the crusher another screw conveyor transports 
the particles to a gas lift. In the gas lift, the crushed 
shale particles are swept aloft by pre-heated air from a 
blower up to a cyclone separator. 

The gas-particulate mixture sweeping upward in the gas 
lift gradually increases in temperature due to partial 
combustion of coke in the crushed retorted shale. The 
gas lift temperature is controlled to a maximum sel-
ected value of about 1,000°F. 

The crushed shale particles are separated from the gas 
stream in a cyclone separator. The separated gas 
stream enters the combustor above the fluidized bed 
while the crushed particles go directly to the fluidized 
bed in the combustor.

Some sulfur components usually present in the retorted 
shale are converted to one or more gaseous forms in the 
gas lift. However, during combustion in the lift line, 
cyclone, and especially in the combustor, these sulfur-
containing gases will react with alkaline components of 
the retorted shale and remain therewith in a stable 
form so long as the operating temperature of the 
combustor is controlled. Any fuel gases contained in 
the separated lift-pipe gas stream are burned in the 
combustor to supply heat energy for the process. 

The main purpose of the fluidized combustion zone is to 
salvage heat energy from the coke still remaining on 
the shale particulates. Operating under fluidized condi-
tions allows for high combustion efficiency. Another 
advantage of a fluidized combustor, is that sulfur 
emissions during combustion are minimized. 

Raw shale fines may also be fed to the combustor. 
Combustion air is pre-heated by indirect heat exchange 
with flue gas, then fed to the combustor at a linear 
velocity of 3 to 6 feet per second and at a rate of about 
16,000 standard cubic feet per ton. 

The combustion is achieved with a minimum of excess 
oxygen to minimize emissions of N Ox. The combustion 
Is sufficient to leave no more than 5 percent of the 
coke that was present on the shale when removed from 
the retort. 

Combustor operation is preferably between 1,400 0 and 
1,650°F. Higher temperatures, in excess of about 
1,700°F, result in high emissions of sulfur compounds. 

To regulate the temperature in the combustor, water 
may be injected directly, or passed through bed coils. 
The hot flue gas produced in the combustor is divided 
Into two streams, from which heat recovery is accom-
plished for the threefold purposes of (1) heating the 
recycled retorting gases, (2) aiding in the generation of 
steam, and (2) pre-heating the air for the gas lift and 
combustor. 

Returning to the eombustor, provision is made for 
cooling and recovering heat from the residual shale ash. 
Rot decarbonized shale ash gravitates from the com-
bustor into a cooling vessel for heat recovery and 
further combustion of coke. The bed of shale ash is 
maintained in a fluidized state by contact with a 
stream of air at ambient temperature. In the upper 
regions of the cooling vessel the hot, fluidized particles 
generate steam through indirect heat exchange with 
circulating boiler water. In the lower regions of the 
cooling vessel, feedwater to a boiler is pre-heated. As 
a result of heat recovery, the temperature of the shale 
ash drops from that in the combustor, to between about 
3000 and 4500F. Residence time in the vessel is 
between about 20 and 40 minutes. 

The cooled, decarbonized, essentially moisture-free ash 
is combined with the cooled fines and sent to disposal. 
A conventional system for controlled wetting may form 
a part of the disposal system. 

The retorting process described offers several advant-
ages, among which are efficient temperature control 
and minimum emissions of sulfur. The heat recovery 
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efficiency should be in the range of 50 to 75 percent of 
the heat generated in the process. Water requirements 
will be minimal. High combustion efficiency ensures 
maximum utilization of all the fuel in the shale while 
providing an essentially decarbonized and moisture-free 
shale ash that upon wetting spontaneously forms a 
stable, cement-like agglomerate. 

The sealing leg apparatus is shown in Figure 2. The 
apparatus includes an elongated fluid-tight sealing leg 
vessel, adapted to receive, pass, and discharge a gravi-
tating bed of retorted oil shale particles, in mass-type 
(plug-flow) fashion. The sealing leg vessel comprises a 
surge chamber, a gas injection chamber, a sealing leg 
chamber, and a gas disengaging chamber. 

Internal flow patterns in the vessel chambers are such 
as to maintain retort pressure at the top of the surge 
chamber, thus preventing any gas outflow from the 
retort, while allowing a lower pressure at the outlet to 
the crusher. 

In operation, retorted oil shale particles are fed from 
the retort into the surge chamber. Sealing gas per-
meates the bed of shale particulates in the gas injection 
chamber and from there flows in two directions. A 
minor portion travels upwardly in countercurrent flow 
to the descending shale particles, and ultimately exiting 
into the retort. The remainder of the gas flows 
downwardly in co-current now with shale particles 
through gas injection chamber and seal leg chamber and 
thence into the gas disengaging chamber from which 
the bulk of the sealing gases are recovered. 

Not all of the gases flowing into the gas disengaging 
chamber, however, are recovered. A small proportion 
passes into the crusher conduit. Thus, in operation 
most of the sealing gas is merely recirculated but some 
exits into both retort and crusher. In this manner, the 
gases in both the retort and the crusher are kept 
separate from each other, and the shale particulates 
are recovered from the retort without a loss of retort 
product gas. 

Gas pressure within and rate of flow into the seal leg 
vessel depend not only upon the pressures prevailing in 
the retort and in the crusher but also upon resistance to 
gas now imposed by the moving particle bed contained 
in the sealing leg. The bed of gravitating shale must 
provide a pressure drop reducing the inlet sealing gas 
pressure to only slightly greater than the retort pres-
sure at the top of the surge chamber, while pressure at 
the bottom of gas disengaging chamber is only slightly 
greater than that in the crusher. 

Unlike wet seals, which quench shale, leaving it wet and 
considerably cooled, the dry sealing leg transports shale 
in a hot, dry condition. When used in a retorting 
process utilizing a combustor to recover heat energy 
from retorted shale, the sealing leg requires no addi-
tional heat to dry or reheat the shale to combustion 
temperature. Compared to wet seal opration, use of 
the dry sealing leg improves heat recovery efficiency. 
Additionally, unlike conventional devices for regulating 
gas-solids flow such as star locks or valves, the sealing 
leg has no moving parts to cause erosive wear by the 
shale particulates. In a retorting process utilizing a

fluidized bed combustor, retorted shale most be crushed 
in advance of delivery to the combustor. Employng the 
dry sealing leg in such a retorting process offers the 
particular advantage of delivering shale from a retort 
operating at a superatmcspheric pressure to a conven-
tional crusher operating at or near atmospheric pres-
sure without loss of valuable retort gases. 

HYDROPROCESSING OF EASTERN 
AND AUSTRALIAN OIL SHALE 
ENHANCES YIELD 

Researchers believe that the conversion of oil shale 
organic carbon to product oil is greatly enhanced by 
solvent assisted hydroretorting. The results of oil shale 
hydroprocessing studies are presented in a series of 
papers by R. M. Baldwin, at al, of Colorado School of 
Mines. These papers are: 

• Hydroprocessing of Stuart (Australian) Oil 
Shale. 16th Oil Shale Symposium, Golden, 
Colorado, April 1983. 

• Hydroprocessing of Eastern Oil Shale. 1983 
Eastern Oil Shale Symposium, Lexington, Ken-
tucky, November 1983. 

• Reactivity of Oil Shale Towards Solvent Hydro-
genation, AmericanChemical Society, St. 
Louis, Missouri, April 1984. 

Two types of oil shale were subjected to solvent hydro-
processing: Australian Stuart and Cleveland member, 
Ohio shale from Montgomery County, Kentucky. The 
Fischer Assay Analysis are given in Table 1: 

TABLE 1

SAMPLE FISCHER ASSAYS 

Spent	 %%	 Gas	
Oil 

Shale	
Oil
	 Water Loss	 GPT 

Kentucky	 91.6	 4.6	 1.5	 2.3	 11.6 
Stuart	 72.4	 16.3	 5.3	 6.0	 44.0 

These samples were subjected to one hour hydroproces-
sing in a stirred batch autoclave reactor. Both samples 
were crushed to minus 200 mesh. The solvents tested 
on the Kentucky shale were tetralin and toluene. 
Tetralin, 1-methylnaphthalene, and process generated 
light gas oil and heavy gas oil were tested on the 
Australian oil shale. The Stuart oil shale kerogen is 
characterized as more paraffinic than the Kentucky oil 
shale kerogen. 

Comparative Results 

The results of the experiments are expressed as percent 
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organic carbon conversion (0CC) and percent oil yield 
(01). The percent oil yield is a percentage of the total 
carbon converted. 

The effects of solvent type and temperature are pre-
sented in Tables 2 and 3. Organic carbon conversion 
was found to be a strong function of temperature. At 
the same temperature with tetralin, the Stuart shale 
shows higher conversion of organic carbon than the 

TABLE 2 

EFFECT OF TEMPERATURE AND 
SOLVENT TYPE, STUART SHALE 

Solvent 
Temperature Tetralin 1-Methylnaphthalene 

350°C 0CC: 32.3 0CC: 43.6 
OY: 91.8 01: 95.9 

4250C 0CC: 83.3 0CC: 81.6 
OY: 93.9 0?: 91.2

AU runs at 800 psi H2 initial pressure, 1 hour 
nominal residence time, 1:1 solvent-to-shale 
ratio

TABLE 3 

EFFECT OF TEMPERATURE AND
SOLVENT TYPE, KENTUCKY SHALE 

Solvent 
Temperature	 Tetralin	 Toluene 

375°C	 0CC: 38.0	 0CC: 44.0 
OY: 96.2	 0?: 98.5 

425°C	 0CC: 79.6	 0CC: 80,9 
0?: 95.1	 OY: 95.1 

4500C	 0CC: 85.6	 NA
OY: 97.2 

AU runs at 800 psi H2 initial pressure, 1 hour 
nominal residence time, 2:1 solvent-to-shale 
ratio 

Kentucky shale (at 425°C, 83.3 versus 79.8 percent 
0CC). With gaseous hydrogen present, both hydrogen 
donor (tetralin) and non-hydrogen donor (toluene, 
1-methylnaphthalene) solvents exhibit similar carbon 
conversions. When helium is substituted for the hydro-
gen, the carbon conversion drops off dramatically for 
tests with the non-hydrogen donor solvent (Table 4). 

Results With Process Solvent 

In a commercial scale project, the solvent would pro-

TABLE 4 

EFFECT OF SOLVENT AND HYDROGEN 
PARTIAL PRESSURE, KENTUCKY SHALE 

Gas Atmosphere 
Hydrogen Helium 

Solvent 800 300 800	 300 

Tetralin 0CC: 79.6 na 0CC: 76.57 na 
0?: 95.1 0?: 97.35 

Toluene 0CC: 80.9 0CC: 72.6 0CC: 44.01 na 
OY: 95.1 01:	 95.9 0?: 91.59

9nitlal total pressure at room temperature 

AU runs at 4250C, 1 hour nominal residence 
time, 1:1 solvent-to-shale ratio 

TABLE 5 

YIELD STRUCTURE AND PROCESS 
SELECTIVITY IN PYROLYSIS OIL 

	

%	 Fischer 

	

Temperature Solvent 0CC HC Gas Oil	 Assay 

LGO	 75.4	 5.5	 89.3	 133 
400

ff00 69.7	 4.9	 92.9	 128 

LGO	 87.0	 11.2	 83.4	 144 
425

UGO 87.9	 13.4	 80.6	 139 

LGO	 87.4	 30.0	 63.9	 110 
450

HGO 88.4	 20.4	 72.9	 127 

LGO = Light Gas Oil 
MOO - Heavy Gas Oil 

bably be generated by the process itself and recycled. 
To study this concept, shale oil from Stuart shale was 
generated by retorting. Three fractions were gener-
ated; light gas oil (420-6100?), heavy gas oil 
(610-735"F), and resid. Both light gas oil and heavy gas 
oil were used as solvents in batch autoclave hydropro-
cessing tests. The results are shown in Table 5. 

Organic carbon conversion was found to increase as the 
temperature increased. However, hydrocarbon gas 
make increases substantially and oil yield decreases 
with increasing temperature. Oil yield for Stuart shale 
passes through a maximum of approximately 139 per-
cent at about 4250C. For comparison, tetralin at 400°C 
gives 139 percent of Fischer Assay, 425°C gives 
158 percent. Thus, oil yields similar to those from pure 
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tetralin can be obtained using process generated sol-
vents. 

Product Quality 

Stuart shale is a sapropelic shale; Kentucky shale is a 
humic shale. Based on this information, it is antici-
pated that Stuart shale oil would exhibit a paraffinic 
character and Kentucky shale oil would be more aro-
matic. 

The CC/MS spectrum of Stuart shale oil is dominated 
by a homologous series of paraffins, C7 through C30, 
and their olefins. The remainder is mostly iso- paraf- 
fins, alkyl-substituted aromatics, and cycloparaffins 
and nitrogen compounds. The nitrogen compounds are a 
homologous series of C7-C30 nitriles and nitro-
gen—containing heterocycles (alkyl-substituted pyri-
dines, quinolines, and isoquinolines). 

The Kentucky shale oil contains a C9-C30 homologous 
paraffin series. The paraffin series of Kentucky shale 
oil does not dominate the product distribution to the 
extent found in Stuart shale oil. That is, more alkyl-
substituted benzenes and cycloparaff ins and nitrogen 
compounds exist in the Kentucky shale oil. 

EVERMAN HOT OIL RETORT PATENTED 

United States Patent 4,410,416 has been issued to 
Carl C. Everman for "Split Hub Wheel Apparatus and 
Use of Same for Shale Oil Retorting." The apparatus 
consists basically of a rotating shaft or hub with three 
hollow spokes, as illustrated in Figure 1. The rotating 

•	 I	 •S 

Yes' 
1*

shaft fits on a stationary hollow axle. This hollow axle 
contains an inlet conduit and an outlet conduit for oil 
shale. Rotation of the shaft or hub on the axle allows 
for the successive alignment of the open ends of the 
spokes with the openings in the axle such that oil shale 
is sequentially loaded in one spoke at a time, dipped in 
a hot oil bath, and then unloaded from the spoke. 

Figure 2 is a cross-section parallel to the axis of 
rotation. It shows how the inlet screw feeder conduit 
extends into one end of the hollow axle, while the 
outlet conduit extends from the other end of the hollow 
axle. 

The patent describes operation of the system as fol-
lows: 

Raw oil shale is fed into a feed hopper for direction 
into a crusher. In the crusher, the oil shale is crushed 
preferably to between about one-quarter inch and one-
half inch. The crushed raw shale is then fed through 
the screw feeder conduit to the split hub wheel retort. 
The retort acts to sequentially load the raw shale, dip it 
into a liquid bath, and unload the spent oil shale while 
maintaining an air tight retort. The spent oil shale is 
directed to disposal facilities. 

The liquid bath is maintained at a temperature of 
between about 500°F and 1,000°F, preferably between 
about 680°F and 700°F. The oil shale remains dipped in 
the liquid bath for a period of time between about 0.5 
and 3.5 minutes, preferably between about 1.0 and 
2.5 minutes. During the dipping of the oil shale in the 
liquid bath, vapor is evolved. This shale oil-containing 
vapor exits via a conduit to vapor collector, and is then 
directed to liquid fuel storage. 

The liquid bath consists of any liquid that will not boil 
at the processing temperatures. Liquids suitable for 
this invention include heavy oils such as derived from 
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oil shale. The liquid bath is maintained at the process 
temperature by an external fired heater. 

A small pilot plant unit was constructed with the size 
of the oil bath approximately 6 inches wide by 36 inches 
high by 48 inches long. The oil bath was heated to 
about 750°F by an induced air coal-fired furnace. 

Devonian shale was fed into the pilot plant unit at a 
rate of 4 pounds per bath. Product oil was stated to be 
of high quality. 

A large pilot unit was built on land owned by Midwest 
Energy Resources Company and operated briefly in 
1983. At last report the unit had been dismantled for 
shipment to an undisclosed new site.
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INTERNATIONAL 

EL-LAJJUN OIL SHALE DEPOSIT IN JORDAN 
FAVORED FOR DEVELOPMENT 

Occurrences of oil shale have been reported in many 
parts of Jordan (Figure 1). The El-Lajjun oil shale 
deposit has been selected as the most favorable. 
Located in the western part of Central Jordan, midway 
between Qatrana and Karak, approximately 110 kilo-
meters south of Amman, it is 10 kilometers long and 2 
to 2.5 kilometers wide. The deposit is fairly homogen-
ous with a number of well-defined stratigraphic units 
(Table 1). 

FIGURE I 
EL-LAJJUN OIL SHALE DEPOSIT 
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0011. SHALE DEPOSITS

As reported at the ACS oil shale symposium in 
St. Louis, 113 boreholes were drilled in the area during 
the periods 1968/1969, 1979, and 1982. A new drilling 
program started April 1983, aiming to provide accurate 
figures for the reserves of the different sub-units. 
Upon the completion of this drilling program, the core- 
hole spacing will be 300 meters. 

The total oil shale reserves are calculated to be 1.3 
billion torts with an average stripping ratio of overbur-
den to bituminous marl of 0.9:1.Analysis of core 
samples by Fischer Assay gave oil yields from 0.5 to 
18.5 percent; the average is 10 percent and recoverable 
oil reaches 161.5 liters per ton. 

On the basis of the gross calorific values, it was 
concluded that the high-grade oil shale contains suffi-
cient energy for generating electricity by direct com-

TABLE 1 

AVERAGE PROPERTIES OF EL-LAJJUN
STRATIGRAPHIC SUB-UNITS 

Sub- Gross Thick-
Unit Oil Sulfur C. Value ness 
- (%) (1(31K g) ThiF 

G 4.3 1.9 2,580 7 
F 3.4 1.7 2,050 17 
E 5.7 2.6 4,180 4-23 
0 11.1 3.3 6,850 2-11 
C 7.8 2.3 4,700 5-6 
B 12.3 3.2 8,100 8-11 
AL 5.2 1.7 4,090 1-2 
A 12.6 3.5 8,170 12-18 
P 6.1 1.9 4,200 2-6 

bastion methods. A process must overcome the 
obstacle of high sulfur content (2.6 to 3.5 percent) and 
operate at temperatures below the initial deformation 
temperatues of carbonates (1,2150 to 1,410°C) to avoid 
fouling on the heating surfaces. High percentages of 
CaCO3 in the ash leads to cementation, which may 
impede operation of the ash disposal system. The 
presence of P2O5 at levels of several percent reduces 
efficiency of electrostatic precipitators. The total 
sulfur content varies from 0.4 to 4 percent and gra-
dually decreases from bottom to top (Table 1), cor-
relating with average content of the organic carbon. 
High sulfur content in the retorted oil (Table 2) indi-
cates that a considerable part of the sulfur is chemical-
ly bound to the organic material. The moisture content 
determined by drying at 105°C seldom exceeds 6 per-
cent, so that predrying will not be necessary. 

TABLE 2 

COMPOSITION AND PROPERTIES OF
FISCHER ASSAY OIL 

Specific Gravity 0.936 
Elemental Composition (%) 

C 78.55 
H 9.74 
S 8.50 
N+O+C1 3.21 

Group Components 
Paraffins 17.7 
Olefins 13.1 
Aromatics and Sulfo-Organics 56.1

Oil shale is the only known fossil energy resource in 
Jordan. Therefore, the possibility of its utilization is of 
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national importance. On the basis of the results 
obtained, the El-Lajjun oil shale deposit appears to be 
largely suitable for combustion, and selected layers 
could be suitable for retorting. 

Direct combustion is considered if the heating value of 
the oil shale exceeds 1,000 kcal/kg; retorting is applic-
able if the oil yield by Fischer Assay exceeds 7 percent. 

A Prefeasibility Study for a 50,000 barrels per day 
retorting plant showed the following results: a mine of 
25 million tons per year capacity would produce 
4,660 tons per day of crude oil, 38°API and 0.5 percent 
sulfur, 2,020 tons per thy naphtha, 510 tons per day 
LPG gas, 1,690 tons per thy sulfur, and 190 megawatts 
of electricity exported to the national grid. 

A serious problem for the potential utilization of the 
El-Lajjun oil shale deposit would be the amount of 
water required by the retorting process, combustion of 
residual carbon, refining of the crude shale oil and for 
consolidating the spent shale or the ash In the dump 
area. The area of El-Lajjun is part of a large ground 
water basin, however. Evaluation of the ground water 
potential in the area is in progress. 

NEW BRUNSWICK OIL SHALE SUCCESSFULLY 
CO-COMBUSTED WITH COAL FOR SULFUR 
CONTROL 

In research completed some time ago but not widely 
reported, the New Brunswick (Canada) Research and 
Productivity Council demonstrated that New Brunswick 
oil shale can be used in fluid beds to fix sulfur dioxide 
emissions from high-sulfur New Brunswick coal. 

New Brunswick has appreciable fossil-fuel reserve pot- 
ential, particularly in oil shales and to a lesser extent in 
coal. Each of these resources on their own, however, 
has problems which could restrict their development. 

The Research and Productivity Council investigated the 
technical and economic feasibility of several ap-
proaches for oil shale utilization. In the work reported 
here, co-combustion trials were carried out in a 6 inch 
fluidized bed combustor. 

The analyses of a coal and an oil shale sample used are 
given in Table 1. 

The objective of this program was to determine the 
reduction in sulfur emissions from coal combustion 
using oil shales as a sulfur acceptor. It was found that, 
for an oil shale to coal ratio of 2.6:1, the percentage 
reduction in sulfur dioxide emission is in excess of 
90 percent. 

Assuming 92 percent CaCO3 in limestone and an aver-
age of 7.85 percent sulfur in coal, the required lime-
stone to coal ratio for 90 percent reduction in sulfur 
dioxide emission is 1.2:1 as compared to 2.6:1 for oil 
shales. As the oil shales used in this study have a 
carbonate content of 26 percent, the efficiency of

TABLE 1 

CHEMICAL ANALYSIS OF
NEW BRUNSWICK FEEDSTOCKS 

Oil 
Coal Shale 

Ultimate Analysis (Wt % a.d.) 

Carbon 58.5 11.0 
Hydrogen 4.2 1.3 
Oxygen 0.1 9.9 
Nitrogen 0.4 0.02 
Sulfur 8.4 0.9 
Ash 28,2 76.6 
Moisture 0.2 0.28 

Ash Analysis (Wt. % on Ash) 

5i02 39.8 53.1 
Al203 18.3 16.8 
Fe203 33.2 6.8 
MgO 1.4 4.7 
CaO 3.5 14.1 
N20 0.7 1.7 
K20 2.6 2.1 
P205 0.01 0.01 
MnO 0.16 0.13 
Ti02 0.33 0.46

carbonate utilization of oil shales is approximately 1.6 
times that of limestone. A possible explanation of this 
higher efficiency is that the end product of the car-
bonate/sulfur dioxide reactions is gypsum which in case 
of limestone forms a layer of increasing thickness 
around the reacting particle, and thus restricts the 
diffusion of sulfur dioxide from the bulk gas stream into 
the surface of the reacting particles. In the oil shale 
case, however, the Ca/MgCO3 phases are dispersed 
within the porous matrix of the spent shale and fully 
accessible to the diffusing sulfur dioxide. 

Although oil shales are more efficient sulfur acceptors 
than limestones, approximately twice as much oil shale 
(26 percent carbonate) relative to limestone is required. 
This apparent cost disadvantage is more than offset by 
the energy content of the shale. 

Co-combustion of coal and oil shale in a fluid-bed 
combustor thus appears to be a better alternative for 
New Brunswick than coal/limestone mixtures. 

Several other scenarios for the co-use of high sulfur 
coal and oil shale have been proposed. All involve 
recovery of energy from oil shale as steam or a 
combination of steam recovery plus liquid ref ineable 
fuels. These Retort Interlock Systems offer energy 
recovery possibilities that are otherwise lost in conven-
tional retort systems. 

An example of a Retort Interlock System based on the 
Tosco II Process provides the heat requirements for the 
retort from a coal fired fluidized bed combustor oper-
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ating on coal, product gases (if required), and spent 
shale as the desulfurizing medium. An important 
feature of this process is that the fluidized-bed com-
bustor has no boiler or cooling coils. 

Another way in which oil shales could be used is in the 
desulfurization of flue gas from conventional boilers. 
This can be achieved in a fluidized bed combustor 
scrubber, which is simply a fluidized bed combustor/ 
boiler operating on oil shale, and fed with both flue 
gases and combustion air.
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ENVIRONMENT 

NIOSH FINDS OIL SHALE WORKERS 
HEALTHY, BUT?? 

Three earlier studies by the National Institute for 
Occupational Safety and Health (NIOSH) have investi-
gated the mortality and morbidity of United States oil 
shale workers. The mortality study was based on a non-
random sample of 713 white males who were identified 
as having worked in mining, retorting, maintenance, or 
supervisory jobs involving actual production of shale oil. 
They were compared to (a) all white males in Colorado 
and Utah and (b) all white males in the United States. 
Standarized Mortality Ratios (SMRs) were calculated. 
Oil shale workers were found to exhibit the "healthy 
worker" effect. With one exception, the SMRs for 
major diseases were either normal or less than normal. 
Oil shale workers show decreased deaths for all causes 
and for diseases of the circulatory system. They show 
no difference in SMRS for diseases of the respiratory 
system, and a slight, but not significant Increase for 
accidents. 

The exception is an apparent significant increase for 
cancer of the colon, and less so for cancer of the 
respiratory system. In light of the very small sample 
available, in terms of worker-years of actual oil shale 
production work, and because of several other carcino-
genic risk factors, it is very difficult to implicate oil 
shale exposure, per se, as responsible for an increase in 
SMR for colon and respiratory cancer. The case-
control study indicates a stronger association between 
these cancers and exposure to radioactivity and smok-
ing than with exposure to oil shale. 

The morbidity study matched 325 oil shale workers 
(mean of 2.9 years work in oil shale production) against 
a control group of 323 with similar age and smoking 
history. Dermatological examinations indicated a 
slightly (but statistically significant) higher prevalence 
of actinic keratoses in the oil shale worker group 
(43 percent versus 37 percent). Among the smokers, 
the oil shale workers had a higher proportion with 
metaplasia than the controls, but not statistically signi-
ficant. Correlation within the oil shale group of the 
presence of metaplasia and dysplasia as a function of 
years of work in oil shale production showed a positive 
correlation for metaplasia and a negative correlation 
for dysplasia. 

Although these studies indicated a healthy oil shale 
worker population, with no serious problems, they do 
not allay worries about future occupational hazards. 
NIOSH is currently involved in two new oil shale 
projects, a feasibility study of a community-based oc-
cupational health registry for oil shale workers, and an 
extension of a DOE mortality contract with the Insti-
tute of Occupational Medicine in Edinburgh, Scotland. 
This second project will also look at mineralogical 
characterizations and documentation of the mining and 
retorting processes utilized in the Scottish shale indus-
try. 

The feasibility study for a community-based registry 
has been awarded to the National Jewish Hospital and 
Research Center in Denver. This contract effort will:

• Abstract medical records of cases of cancer 
diagnosed in the period 1979 through 1981 in 
Garfield, Rio Blanco, Mesa,and Moffat Count- 
ies. This information will be offered to the 
Colorado State Tumor Registry. 

• Design pulmonary function tests and question- 
naire data for oil shale workers and appropriate 
controls, which can be used as base line data 
toward a future registry. The outcome will 
depend on whether company cooperation is ob-
tained for access to the workforce at the work 
site. 

• Assess the feasibility of a worker registry in 
the oil shale industry, either in cooperation 
with oil shale companies or independent of 
them, in a community-based effort. 

The Scottish project Involves workers who formerly 
worked for Scottish Oils Ltd., until it shut down in the 
middle 1950s. The Institute of Occupational Medicine 
Is currently involved in a mortality study of these 
workers for DOE. NIOSU recommended that, in addi-
tion, a morbidity study of shale workers' pneumoconio-
sis and skin lesions be done on the survivor group of this 
cohort. About 1,605 men have agreed to participate in 
the dermatology portion of the study and 1,324 of these 
have agreed to have chest X-rays taken. The study is 
to be completed by October 1, 1984. 

NITRIC OXIDE EMISSIONS REDUCED 
BY CONTACT WITH SPENT SHALE 

At the April 1984 American Chemical Society Meeting 
in St. Louis, Missouri, R. W. Taylor and C. M. Morris of 
Lawrence Livermore Laboratory reported that nitric 
oxide emissions from spent shale combustion can be 
reduced by control of combustion techniques. 

Retorted shale is rich in nitrogen compounds. Combus-
tion of the residual carbon on spent shale for process 
heat is therefore a potential source of nitrous oxide 
emissions. Previous work at Lawrence Livermore Lab-
oratory found that the level of NOx emissions from 
spent shale combustion decreased as a function of time. 

Two kinds of experiments were performed to determine 
the rate of reduction of nitric oxide by combusted oil 
shale. In both kinds of experiments, nitric oxide, 
diluted in N2, was passed through a shale bed and the 
decrease in nitric oxide concentration was measured. 
The rate was calculated from the transit (contact) time 
of nitric oxide through the bed. In one kind of 
experiment, the gas flow rate was held constant and the 
temperature was increased at a fixed rate. In the other 
experiments, the temperature was fixed and the gas 
flow rate was changed. A fluidized spent shale bed in 
an electric furnace was used. The sample was 87 grams 
spent shale prepared from Colorado tract C-a shale. 

The results of the experiments are given in Figure 1. 
Based on observations of the exit gas carbon dioxide 
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concentrations, the authors speculate that the primary 
mechanism of nitric oxide reduction by spent shale char 
below 500°C is reduction by hydrogen. Above 500°C, 
carbon may become the predominant reducing agent. 

In comparison to coal char, spent shale char is thou-
sands of times more reactive for nitric oxide reduction. 
The authors attribute this greater reactivity to a num-
ber of spent shale attributes; greater hydrogen content, 
greater porosity, more accessible reaction sites, and 
perhaps a greater concentration of reducing agents, 
e.g., iron bearing minerals. 

OSEAP PANEL REVIEWS C-B floP 

The 39th meeting of the Oil Shale Environmental Advi-
sory Panel (OSEAP) was held in Glenwood Springs, 
Colorado March 27, 1984. The major item for consider-
ation was preliminary review of the draft revision to 
the Detailed Development Plan (DDP) for the C-b 
project (see article elsewhere in this issue). 

Comments on the DDP made during the meeting did not 
represent final responses from panelists, who had addi-
tional time to prepare formal responses, but were 
probably representative. Although many subjects were 
covered, the most criticism seemed to concern three 
points: 

• The lack of detail concerning the Union pro-
cess. The DDP contains less than is available in 
the open literature. 

• The verylow percentage of total resource 
which will be recovered under the plan. This 
could be only 1 percent of the total resource in 
place, and would be high-grading the tract.

• The DDP addresses only those actions which 
would occur as a result of the SFC-funded 
program to produce 14,000 barrels per day. If 
this phase is ultimately successful, production 
from the tract would obviously be expanded to 
much higher capacity. 

The intense interest in the question of resource recov-
ery percentage carries over into OSEAP's other major 
item of current concern the proposed off-site disposal 
of waste from the C-a tract on 84 Mesa. This action 
could reduce the future recovery of subsurface re-
sources at 84 Mesa. 

OSEAP's next meeting (40th) is scheduled for sometime 
in July. At the age of 40, the organization appears to 
be going through a mid-life crisis. Its charter will 
expire later this year, and the United States Depart-
ment of Interior is proposing to make OSEAP subordi-
nate to the Regional Oil Shale team. Some OSEAP 
members have even suggested that its name is no longer 
appropriate, and that its range of current concerns 
might be better indicated by something like "Oil Shale 
Technical Advisory Panel." 

# # #1% 

OIL SHALE ENVIRONMENTAL IMPACT 
AND CONTROLS STUDIED 

A paper tided "Oil Shale—Potential Environmental 
Impact and Control Technology' was given in November 
1983 at the AIChE annual meeting. The presentation 
was by authors from the United States Environmental 
Protection Agency's Industrial Environmental Research 
Laboratory (IERL). The topic discussed was recent 
research identifying potential environmental impacts 
from oil shale development. The researchers also 
evaluated potential control technologies through labor-
atory and field analysis. 

Processes for removing sulfur and carbon dioxide from 
retort process gases were studied. Based on a study by 
IT Enviroscience, the Environmental Protection Agency 
funded and built a Stretford pilot unit. Three test runs 
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were conducted—at Occidental's Logan Wash retorts, 
Geokinetic? Ramp Kerogen retorts, and the United 
States Bureau of Mines coal gasification facility at the 
Twin Cities Research Center. The sulfur removal 
efficiency for the Logan Wash retorts was approxi-
mately 60 percent. Analysis showed that gas/liquid 
contacting and Stretford chemistry needed improving. 
At the Bureau of Mines test rues, efficiencies reached 
99.7 percent by the end of the runs. 

Figures 1 and 2 show the process schemes used in 
examining treatment of retort and gas condensate 

TABLE 1

POLLUTANT REMOVAL EFFICIENCIES ACROSS 
INDIVIDUAL UNITS FOR RETORT 

WATER TREATMENT SCHEME 
Floeeu-

Filter	 lation/ Steam 
Parameter	 Coalescer	 Clarification Stripper 

(c) (d) 
Oil 

and Grease	 6	 - - 
Ammonia	 -	 - 97 
TKN	 -	 - 88 
Soluble BOD	 -	 - 
DCC	 -	 - 4 
Phenols	 -	 - 32 
TSS	 21	 0 - 
VSS	 20	 - - 
Alkalinity as	 -	 - 47 

CaCO3 to 
pH 4.5 

Fluorides	 -	 7 - 
Chlorides	 -	 11 - 
a.	 Average removal efficiencies are reported 
b.	 Blanks indicate data not collected 
C.	 Lime dosage at 90 mg/L 
d.	 G/L = 0.18 kg/L (1.5 lb/gal)

wastewater. Steam stripping proved effective in re-
moving ammonia and alkalinity from the wastewater. 
The filtration and clarification stages were effective in 
removing soli, oil and grease. The granulated activ- 
ated carbon adsorption system did not perform well in 
all of the tests when it was used in place of the 
activated sludge system. Tables 1 and 2 show the 
removal efficiencies of the individual units for each 
pollutant. 

The solid waste analysis centered on the hydraulics of 
the spent shale disposal piles that industry will generate 

TABLE 2 

POLLUTANT REMOVAL EFFICIENCIES ACROSS
INDIVIDUAL UNIT'S FOR GAS

CONDENSATE TREATMENT SCHEME 
Floccu-

Filter	 lation/	 Steam 
Parameter	 Coalesce Clarification Stripper 

(c)	 (d) 

Oil and Grease	 6	 - - 
Ammonia	 -	 - 97 
TKN	 -	 - 88 
Soluble ROD5	 -	 - 5 
DOC	 -	 - 4 
Phenols	 -	 - 32 
TSS	 21	 0 - 
VSS	 20	 - - 
Alkalinity as	 -	 - 47 

CaCO3 to 
pH 4.5 

Fluorides	 -	 7 - 
Chlorides	 -	 11 - 

a.	 Average removal efficiencies are reported 
b.	 Blanks indicate data not collected 
C.	 Lime dosage at 90 mg/L 
d.	 GIL = 0.18 kg/L (1.5 lb/gal)
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TABLE 3 

WATER HOLDING CAPACITY OF RETORTED SHALES
(Expressed as Weight Percent Water/Dry Solid) 

Sample	 14.72s'	 44.1 psi	 73.5 psi	 147 psi	 200 psi 
(1 bar)	 (3 bar)	 (5 bar) 	 50 bar) (13.6 bar) 

Lurgi 

No Compaction (Ash) 73.6 62.0 64.5 63.1 59.5 
No Compaction 27.5 27.6 26.9 25.3 15.5 
1.30gIcc(Ash) 62.4 62.3 62.2 62.0 61.7 
1.45 glee (Ash) 60.2 58.7 56.6 55.5 55.2 
1.60g/cc(Ash) 47.2 46.3 45.8 44.4 43.7 
1.60 g/ee 20.7 20.2 19.8 19.8 19.0 

Taco II 
No Compaction 48.0 45.8 45.9 43.8 44.7 
1.30g/cc 42.2 42.0 41.9 41.6 41.4 
1.45 g/ee 36.0 33.8 32.9 32.1 30.5 
1.60 glee 34.6 33.5 32.1 30.8 30.5 

Hytort 
1.30glcc 35.2 33.7 32.6 31.8 31.0 
1.45 glee 31.0 27.6 25.3 23.8 23.2 
1.60 glee 30.5 30.3 28.9 25.4 24.6

during mining and processing. Concern about moisture 
movement within the spent shale pile was examined in 
detail. Laboratory studies at Colorado State University 
focused on the quality of leaehate from a spent shale 
pile. The University looked at several types of retorted 
shale to determine the moisture holdup within each 
shale. Table 3 shows the waterholding capacity of 
various retorted shales. RCRA EP and ASTM tests 
were run on the leachate of the test samples, and 
compared to actual field leachate. None of the labora- 
tory tests provided a good measure of what happened 
under field conditions. They were indicative of what 
leached, but not how much of a specific species 
leached. 

The paper did not draw any conclusions from the data 
presented. Areas of further examination were noted, 
however, for future work. The new results are to be 
published in a later paper.
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WATER 

ENDANGERED FISH SPECIES RECOVERY PLAN 
MAY LIMIT WATER RIGHTS 

The United States Fish and Wildlife Service (FWS) has 
been studying three endangered fish species: the Color-
ado squawfish (Ptychocheilus lucius), humpback chub 
(Gila cypha), and bonytail chub (Gila elegans) that occur 
in the Colorado River and its tributaries. These fish 
are protected under Section 1 of the Endangered Spec-
ies Act. In mid-1983 the FWS proposed a controversial 
plan to study and protect these three species. The 
proposed Conservation Plan is an extension of the 
Colorado River Fisheries Project, and is intended to 
meld the FWS studies with measures that are needed to 
protect the fishes. The plan in draft form was issued to 
solicit comments from water users and agencies in the 
upper Colorado River basin. 

A number of alternatives were evaluated by the FWS 
including no action, research only, hatchery production 
and stocking without habitat restoration, and protection 
only of known populations of the fish. The alternative 
selected by the FWS, the Conservation Plan, includes 
further research on fish populations and habitat re-
quirements, research and construction of fish passage 
devices and habitat restoration, hatchery construction 
and stocking of the fish, and a public education pro-
gram. The estimated cost of the plan is $25 million, to 
be provided partially by the FWS and partially by 
depletion charges assessed to new water users in the 
region. 

In the plan, the PWS has proposed minimum stream 
flows for the Colorado River and its tributaries. These 
minimum flows, as summarized in Table 1, are intended 
to preserve adequate flows primarily during migration 
and spawning of the Colorado squawfish. Additionally, 
the FWS has proposed stream flows that are needed for 
channel maintenance and shaping during spring runoff. 
These maintenance flows are also summarized in 
Table 1.

TABLE 1 

PROPOSED STREAM FLOWS
(Cubic Feet Per Second)

Habitat 
Minimum	 Maintenance 

Flows	 Flows 

Colorado River	 1,100-2,000	 8,000-17,000 
Freen River	 800-2,200	 9,000-13,000 
Gunnison River	 800	 not specified 
White River	 250	 not specified 
Yampa River	 *	 * 

To be established at the conclusion of ongoing 
studies

The proposed plan by the FWS has created a great deal 
of controversy. The two most controversial issues 
involve the assessment of depletion charges to fund the 
plan, and the establishment of flow requirements that 
may limit private water rights. In fact, as explained in 
the March 1984 Pace Synthetic Fuels Report on 
page 2-38, the proposed flow requirements forced the 
postponement of a water sale from Ruedi Reservoir 
that was planned for December 20, 1983. Additionally, 
various groups contend that the FWS cannot issue a 
final plan without the preparation of an environmental 
impact statement. 

Due to the controversy that the draft plan created, a 
task force has been formed at the request of the FWS. 
This task force consists of representatives of the states 
of Colorado, Wyoming, and Utah, the Colorado Water 
Congress, Rocky Mountain Oil and Gas Association, and 
the FWS. The purpose of the task force is to work with 
the FWS in rewriting the conservation plan. 

UNION OIL AND COLORADO SETTLE WATER 
USE CLASSIFICATION DISPUTE 

Union Oil Company of California and the Colorado 
Water Quality Control Commission (WQCC) have 
reached a stipulated settlement relative to stream 
classifications that were designated for two segments 
of the East Fork of Parachute Creek. The out of court 
settlement concluded Case No. 83 CV 136 filed on 
April 29, 1983 in the District Court, Ninth Judicial 
District, Counties of Garfield, Pitkin, and Rio Blanco, 
Colorado. The use classifications adopted by the 
WQCC for the segments of the East Fork of Parachute 
Creek are summarized in Table 1. Union Oil, as the 
plaintiff, challenged the validity of the aquatic life 
classifications for both stream segments. The stipu-
lated settlement reflects both parties' understanding as 
to how the classifications will be enforced on the 
Parachute Creek oil shale project. 

Union Oiland the WQCC agreed that the use classifica- 
tions will be implemented through effluent limitations 
based on water quality standards contained in point 
source discharge permits. Both parties also agreed that 
it is not the WQCC's intent to enforce the use classifi-
cations for alleged impacts on aquatic life associated 
with Union's lawful disposal of retorted shale in or 
along the two stream segments. However, the WQCC 
can enforce the classifications if impacts are caused by 
wrongful discharges that are in violation of the point 
source discharge permits. 
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TABLE 1 

STREAM USE CLASSIFICATIONS IMPACTING 
UNION OIL'S PARACHUTE CREEK 

OIL SHALE PROJECT 

Stream Segment as Defined in 
the Lower Colorado Regulations Use Classification 

Ile: 

That portion of the rnainstem Cold water class 2 
of the East Fork of Parachute aquatic	 life,	 water Creek	 within Sections 27,	 28, supply, and agricul-
and 29, T55, 1195W turn 
lit: 

Mainstem of the East Fork of Cold water class 1 
Parachute Creek from the west aquatic	 life,	 water boundary	 line	 of	 Section	 29, supply, and agricul-T55,	 R95W to the confluence ture 
with Middle Fork of Parachute 
Creek

WATER APPLICATIONS RELATED TO OIL SHALE 
ARE LISTED 

Recent water rights applications and amended applica-
tions that are relevant to western oil shale projects are 
summarized in the following list. The applications were 
filed in the Office of the Water Clerk, District Court, 
Water Division No. 5, in Glenwood Springs, Colorado. 

84CW36 Cities Service Oil and Gas Corporation; 0/0 
William G. Waldeck; Post Office Box 2188; Grand Junc-
tion, Colorado 81502. Application for Conditional 
Surface Water Rights for Cities Service Shale Oil 
Project Springs in Garfield County. Spring CSS-3 is 
situated in SW*SW*, Sec. 9, T. 6S., R. 97 W., 6th P.M., 
approximately 720 feet N. of the S. line and 1,950 feet 
E. of the W. line of said Sec. This spring is tributary to 
Cairn Creek, tributary to Roan Creek, tributary to the 
Colorado River. Amount of water - 0.02 cfs. Spring 
CSS-7 is situated in Lot 9, See. 5, T. 65., R. 97 W., 6th 
P.M., approximately 2,340 feet S. of the N. line and 
1,200 feet E. of the W. line of said See. This spring is 
tributary to Crystal Creek, tributary to Clear Creek, 
tributary to Roan Creek, tributary to the Colorado 
River. Amount of water - 0.12 cfs. Spring CSS-8 is 
situated in NESEé, Sec. 6, T. 6 5, R. 97 W., 6th P.M., 
approximately 1,800 feet N. of the S. fine and 450 feet 
W. of the E. line of said Sec. This spring is tributary to 
Crystal Creek, tributary to Clear Creek, tributary to 
Roan Creek, tributary to the Colorado River. Amount 
of water - 0.02 cfs. Spring CSS-11A is situated in 
NE+NEI, Sec. 18, T. 6S., R. 97W., 6th P.M., approxi-
mately 100 feet S. of the N. line and 1,100 feet W. of 
the E. line of said Sec. This spring is tributary to Conn 
Creek, tributary to Roan Creek, tributary to the Color-
ado River. Amount of water - 0.02 cfs. Spring CSS-13 
is situated in SW*SEI, Sec. 18, T. 6S., R. 97 W., 6th 
P.M., approximately 1,000 feet N. of the S. line and 
1,800 feet W. of the E. line of said Sec. This spring is 
tributary to Corn Creek, tributary to Roan Creek, 
tributary to the Colorado River. Amount of water

0.05 cfs. Spring CSS-14 is situated in NENW, 
Sec. 19, T. 6S., R. 97 W., 6th P.M., approximately 
1,100 feet S. of the N. line and 1,900 feet E. of the W. 
line of said Sec. This spring is tributary to Roan Creek, 
tributary to the Colorado River. Amount of water 
0.10 cfs. Spring CSS-16 is situated in SWISWI,Sec. 7, 
T. 7 S., R. 97 W., 6th P.M., approximately 100 feet W. 
of the E. line and 1,500 feet N. of the S. line of said 
See. This spring is tributary to Conn Creek, tributary 
Roan Creek, tributary to the Colorado River. Amount 
of water 0.02 cfs. Spring CSS-17 is situated in 
NW*SW*, See. 4, T. 6S., R. 97 W., 6th P.M., approxim-
ately 2,250 feet N. of the S. line and 400 feet B. of the 
W. line of said Sec. This spring is tributary to Conn 
Creek, tributary to Roan Creek, tributary to the Color-
ado River. Amount of water 0.05 cfs. Spring CSS-18 is 
situated in NW*SE*, Sec. 5, T. 65., R. 97 W., 6th P.M., 
approximately 1,500 feet N. of the S. line and 
1,550 feet W. of the E line of said Sec. This Spring is 
tributary to Corn Creek, tributary to Roan Creek, 
tributary of the Colorado River. Amount of water - 
0.05 cfs. Spring CSS-19 is situated in Lot #10, Sec. 4, 
T. 6S, R. 97 W., 6th P.M., approximately 1,600 feet S. 
of the N. line and 1,600 feet E. of the W. line of said 
Sec. This spring is tributary to Willow Creek. tributary 
to Bear Run, tributary to West Fork Parachute Creek, 
tributary to Parachute Creek, tributary to the Colorado 
River. Amount of water - 0.02 cfs. Spring CSS-22 is 
situated in SW+SEi, Sec. 4, T. 6S., R. 97 W., 6th P.M., 
approximately 450 feet N. of the S. line and 1,850 feet 
W. of the E. line of said Sec. This spring is tributary to 
Conn Creek, tributary to Roan Creek, tributary of the 
Colorado River. Amount of water - 0.05 cfs. Spring 
JSS-23 is situated in Lot #13, See. 4, T. 6 5., R. 97 W., 
6th P.M., approximately 3,300 feet S. of the most 
northerly line and 150 feet W. of the E. line of said Sec. 
The seep is tributary to Little Creek, tributary to Bear 
Run, tributary to West Fork Parachute Creek, tributary 
to Parachute Creek, tributary of the Colorado River. 
Amount of water - 0.02 cfs. Spring SS-24 is situated 
in Lot #10, Sec. 3, T. 6S., R. 97 W., 6th P.M., approx-
imately 1,900 feet S. of the N. line and 1,750 feet E. of 
the W. line of said Sec. This spring is tributary to 
Little Creek, tributary to Bear River, tributary to West 
Fork Parachute Creek, tributary of the Colorado River. 
Amount of water - 0.07 cfs. Spring CSS-25 is situated 
in Lot #13, Sec. 3, T. 6S., R. 97 W., 6th P.M., approx-
imately 3,500 feet N. of the S. line and 800 feet W. of 
the E. line of said Sec. This spring is tributary to House 
Log Gulch, a tributary of Red Gulch, tributary of West 
Fork Parachute Creek, tributary of Parachute Creek, 
tributary to the Colorado River. Amount of water - 
0.06 cfs. Spring CSS-30 is situated in NEiSE*, Sec. 10, 
T. 6 S., R. 97 W., 6th P.M., approximately 1,900 feet N. 
of the S. line and 300 feet W. of the E. line of said Sec. 
This spring is tributary to Parachute Creek, tributary of 
the Colorado River. Amount of water - 0.05 cfs. 
Spring CSS-38 is situated in SW&NEI, Sec. 22, T. 6 5., 
R. 97 W., 6th P.M., approximately 2,050 feet S. of the 
N. line and 1,400 feet W. of the E. line of said Sec. 
This spring is tributary to the East Fork Conn Creek, a 
tributary to Cons Creek, tributary to Roan Creek, a 
tributary of the Colorado River. Amount of water - 
0.06 cfs. Spring SS-39 is situated in SEiSW*, Sec. 15, 
T. 6S., R. 97 W., 6th P.M., approximately 100 feet N. 
of the S. line and 1,750 feet E. of the W. line of said 
See. This spring is tributary to East Fork Corn Creek, 
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a tributary to Conn Creek, tributary to Roan Creek, 
tributary of the Colorado River. Amount of water - 
0.09 cfs. Spring CSS-40 is situated in NWNW, 
Sec. 15, T. 6 S., R. 97 W., 6th P.M., approximately 
1,200 feet S. of the N. line and 1,100 feet E. of the W. 
line of said Sec. This spring is tributary to Conn Creek, 
tributary to Roan Creek, tributary of the Colorado 
River. Amount of water - 0.03 cfs. Spring CSS41 is 
situated in SW1NW, Sec. 10, T. 65., R. 91 W., 6th 
P.M., approximately 1,800 feet S. of the N. line and 
400 feet E. of the W. line of said Sec. This spring is 
tributary to Conn Creek, tributary of Roan Creek, 
tributary of the Colorado River. Amount of water - 
0.03 cfs. Appropriation date - 07/19/83. The water has 
not as yet been applied to beneficial uses; conditional 
water rights are sought for each spring. Proposed Uses 
of the Water: The water sought for the Cities Service 
Shale Oil Project Springs is for all beneficial uses in 
connection with or related to Applicant's CitiesService 
Shale Oil Project, including mining, industrial, refining, 
retorting, power generation, domestic irrigation, ex-
change, augmentation, dust control; and municipal uses. 

84CW47 Rio Blanco Oil Shale Company and Elk Rifle 
Water Company; c/o William C. Waldeck, Post Office 
Box 2188, Grand Junction, Colorado 81502. Applica-
tion for a Change of Conditional Water Rights in 
Garfield and Rio Blanco Counties. 1. Water rights 
sought to be changed: Conditional water rights decreed 
to the Elk-Rifle Water Supply Project on November 10, 
1966 in CA No. 4914 by the District Court of Garfield 
County, the individual structure of which together with 
the source of water therefore and respective amounts 
decreed to each structure are, respectively, as shown in 
Table 1.

TABLE 1

The appropriation and priority date for each of the 
above water rights is June 28, 1963. 2. Change of 
Water RiFhts Sought. Applicants seek an alternate 
point of diversion and alternate place for storage of the 
above water rights at the Rifle Intake which is 
described as follows: 

Theupstream end of the weir of the Rifle Intake 
will be located at a point from whence the North-
east Corner of Section 15, T. 6 S., R. 93 W., 6th 
P.M., bears N. 0000' E., a distance of 1,000 feet. 

In addition, Applicants seek an alternate point of diver-
sion and alternate place for storage of the above water 
rights at the Una Storage and Diversion Structure, the 
location of which is described as follows: 

The initial point of survey of the high-water line 
for Una Storage and Diversion Structure is located 
at a point on the right abutment of the dam 
forming the reservoir whence the Northeast corner 
of Sec. 13, T.-8S., Ri 97 W., 6th P.M. bean N. 
5 046' E., a distance of 3,095 feet. 

3. Quantity of Water Sought to be Changed. Applicants 
seek the r:ght to divert and store all water attributable 
of the above water rights, alternately, at either the 
Rifle Intake or the Una Storage and Diversion Structure 
or partially at one of said structures while the balance 
is being diverted and stored at the other of such 
structures. Applicants do not intend to divert or store 
the changed water rights in a manner which would 
exceed the amount available for diversion and storage 
less stream losses and time lag corrections to compen-
sate for transportation losses to the new points of 
diversion and storage. 

WATER RIGHTS 
ELK-RIFLE WATER SUPPLY PI 

Stream Source 
Exclusive 

Name of Structure	 of Imported Water

1OJECT

Entitlement 
from Stream 

Diversion 
Flow	 Storage 
(c(s)	 (AF) 

East Elk Reservoir East Elk Creek - 1,800 
Main Elk Reservoir Main Elk Creek - 3,200 
Cow Camp Reservoir Meadow Creek, a - 7,865 

Tributary to Main 
Elk Creek 

East Elk Diversion East Elk Creek 150 - 
Pipeline 

Main Elk Storage and Main Elk Creek and - 4,132 
Diversion Reservoir Meadow Creek 

Main Elk Diversion Main Elk Creek and 400 - 
Pipeline Meadow Creek 

Deep Creek Diversion Deep Creek 150 - 
Pipelne 

Elk Power Reservoir West Elk Creek - 3,323 
Elk-Rifle Conduit West Elk Creek 80 -
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Originally, the liMP was to include sufficiently detailed 
information to allow leasing of oil shale tracts immed-



iately upon completion and approval of the plan. In 
July 1983, however, the decision was made by the BLM 
Director to change the scope of the liMP so that only 
management priority areas would be described; oil shale
lease tracts were not to be delineated until after
completion of the aMP. This is the first Resource 
Management Plan prepared by the BLM using a compre-



hensive dithtized data base. The system ucPd, the Map
provided 

This is the most comprehensive government attempt at 
land planning in the oil shale region. It identifies and 
analyzes the future options for managing the public 
lands in the Piceance Basin Planning Area in northwest 
Colorado (Figure 1). The Piceance Basin Planning Area 
comprises a total of 804,580 acres of land within the 
White River Resource Area in the Craig District. The 
lands and resources of the planning area are described 
in detail in the report. A base map is included showing 
surface ownc rship of the planning area. 	 Overlay and Statistical System (MOSS) 
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BLM ISSUES COMPREHENSIVE RESOURCE 
MANAGEMENT PLAN FOR PICEANCE BASIN 

In April 1984, the United States Bureau of Land Man-
agement, Colorado State Office, published a draft 
"Piceance Basin Resource Management Plan and Envi-
ronmental Impact Statement." Comments will be ac-
cepted until July 27, 1984.

The Resource Management Plan is a comprehensive 
land use plan that establishes land areas for limited, 
restricted, designated or exclusive uses within the plan-
ning area. It identifies allowable resource uses and 
levels of production, resource condition goals, program 
constraints, and general management practices needed 
to achieve these objectives. 
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several computer-drawn full-color maps in the Map 
Addendum. Most of the acreage calculations were 
computed by the system and the conflict identification 
and resolution process utilized MOSS analytical capabi- 
lities. 

The procedure involved establishing management prior-
ity areas. These are geographic zones that are unique, 
significant, or unusually suited for a particular 
resource. These may be areas of high concentration of 
cultural sites, critical mule deer range, sage grouse 
strutting grounds, easily accessible mineral deposits, 
areas particularly responsive to livestock grazing, etc. 
They are used in the conflict resolution process to 
determine the areas to be given management priority 
for a particular resource element under each alterna-
tive. 

Conflict resolution is the key step in assembling the 
alternatives. By overlaying sequentially on computer 
maps, the management priority areas, and utilizing a 
compatibility matrix, conflict zones can be Identified 
to incompatible uses. Where conflicts arise, the 
favored resource use under the alternative being consi-
dered is given priority for that area. Succeeding uses 
that overlap that zone are excluded (if incompatible), 
limited (if restrictions can achieve compatibility) or 
permitted (if fully compatible). 

Five multiple-use alternatives have been developed that 
describe the different management options available to 
BLM for the Piceance Basin. These alternatives were 
developed to respond to the issues and concerns expres-
sed by the public and BLM at the outset of the planning 
process. Each alternative proposes different solutions 
to these issues and concerns. The most critical con-
cerns raised by the public centered around oil shale and 
the potential impacts that could result from oil shale

development. Other issues included conflicts with oil 
and gas leasing; how to manage the wildlife resource in 
the planning area; interim management of the oil shale 
mining claims, the validity of which has yet to be 
determined; hydrologic impacts and water resouce man- 
agement; livestock grazing and wild horse management; 
impacts to air quality and socio-economics from 
mineral development; the need for utility corridors and 
management for other lanc and realty actions. 

Each of the alternatives that were developed in 
response to these issues is a complete and implement- 
able master plan that provides a framework for manag- 
ing the public lands and allocating the resources in the 
planning area into the next century. 

Initially, four alternatives were analyzed: the Current 
Management Alternative, the Wildlife Alternative, the 
Oil and Gas Alternative, and the Oil Shale Alternative. 
The potential impacts to the environment and nearby 
communities of implementing each alternative were 
examined and presented to BLM management. Then, 
based on this analysis, BLM policy and goals and the 
responsiveness of each alternative to the issues identi- 
fied at the outset of the process, a Preferred Alterna- 
tive was described and the environmental consequences 
of that alternative were predicted. The impacts antici- 
pated from all of these alternatives are described in the 
report. Figure 2 shows the acreage devoted to various 
management priority areas under each alternative con- 
sidered. 

The following description summarizes the key points of 
each alternative. 

Current Management Alternative 

Multi-mineral development of oil shale and other asso- 
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ciated minerals would be encouraged under this alterna-
tive. Eight potential oil shale tracts are identified and 
ranked in priority order for leasing. Any new leases 
would be grouped together or would be located adjacent 
to existing leases to concentrate impacts. No decisions 
were made in the existing MFP for off-tract disposal of 
spent shale, oil shale land exchanges, or research 
tracts. 

No additional sodium-only leases would be offered until 
existing leases and PRLA's, if leased, are developed. 
Future sodium leasing would encourage concurrent leas-
ing with oil shale. 

Most of the planning area wouldremain closed to 
locatable mineral entry due to oil shale withdrawal. 
This decision would remain constant for all alterna-
tives. Saleable minerals would be made available as 
requests occur, with site-specific stipulations applied 
on a case-by-case basis. 

Water quality would be maintained at existing levels, 
and currently scheduled spring source and stream chan-
nel stability studies would continue. 

Major linear rights-of-way are encouraged to locate in 
potential utility corridors. Some 850 acres of land have 
been identified for potential disposal. Community 
expansion needs would be considered as proposed by 
local communities. 

There are no existing Areas of Critical Environmental 
Concern (ACECS), Research Natural Areas (RNAs), or 
Outstanding Natural Areas (ONAs) in the Piceance 
Basin. 

Wildlife Alternative 

The goal of this alternative is to emphasize the man-
agement and use of the public lands for the benefit of 
wildlife and related values. Significant surface disturb-
ing activities and other actions that would adversely 
affect important wildlife habitat would be discouraged. 

No new open pit oil shale leasing would occur under this 
alternative. Multi-mineral development of oil shale and 
associated minerals would be encouraged. New oil 
shale leasing would be considered once the existing 
prototype tracts are developed and operating commer-
cially. No more than one oil shale tract would be 
leased within any five year period. No new lands would 
be considered for off tract disposal of overburden and 
spent shale. Exchanges would be considered within the 
lease limit of one tract every five years. Small 
research tracts would be evaluated on the merits of the 
technology and the availability of alternate private 
lands. 

No sodium-only leasing would be allowed. Development 
of sodium minerals would be allowed only concurrently 
with oil shale. Coal leasing would be considered on a 
total of 29,610 acres for underground mining methods 
only. Leasing for surface mining would not be consid-
ered. 

Sensitive watersheds would be identified and intensive

management practices implemented to protect those 
watersheds. Productivity of the soil resource would be 
maximized, while disturbances on productive and fra-
gile soil would be minimized. Restrictions would be 
applied to surface disturbing activities, including sea-
sonal off-road vehicle restrictions on saturated roads. 

Intensive management praôtices on wildlife habitat 
would be implemented to increase the long-term allo-
cation to wildlife to 48,632 AUMs. 

Intensive management of recreation user areas and 
services would occur in this alternative. Hunter camps 
and access would be improved, a seasonal visitor ser-
vices program for hunters would be established, as 
would a non-motorized hunting area. Public access to 
the White River would be improved. Hunter concentra-
tion areas would be proposed as Special Recreation 
Management Areas. Seasonal and permanent off-road 
vehicle closures and restrictions would occur. 

Twenty utility corridors would be designated in this 
alternative. Community expansion sales or leases 
would be considered for public lands within a three mile 
radius of the communities of Rangely and Meeker. 

Oil and Gas Alternative 

This alternative places management emphasis on plan-
ning and providing for oil and gas development and 
transportation. Management actions would be taken to 
assure access to the public lands for a wide variety of 
uses. 

Stipulations would be placed on oil shale leases to 
permit the orderly development of oil and gas 
resources. The multi-mineral zone in the depocenter of 
the Basin would be reserved from oil shale leasing until 
improved resource recovery technology is proven. Open 
pit mining and underground mining would be allowed 
outside the multi-mineral zone. Leasing would be 
excluded from the Piceance Dome area due to the high 
oil and gas values there. Future oil shale lease offer-
ings would be based on demand, and the progress and 
success of existing leases. No more than two oil shale 
tracts would be leased during any five year period. 
Off-tract disposal of spent shale would be permitted 
within legal constraints, provided oil and gas recovery 
is not affected. Oil shale land exchanges would be 
subject to the same number and locational restrictions 
as oil shale leasing. Research tracts would be consid-
ered on the merits of the technology proposed. 

Sodium-only leases would be considered once existing 
leases and PRLAs are developed. Coal leasing would 
favor underground methods on the 29,610 acres identi-
fied as acceptable for coal development. Coal lease 
stipulations would be included assuring the future ex-
traction of the oil and gas resource. 

Known Geologic Structures, Tight Gas Formations and a 
two mile buffer around those areas would have priority 
for oil and gas. Stipulations would be placed on future 
oil shale leases to allow for the development of oil and 
gas. A five year plan of development would be 
requested for new or reissued oil and gas leases. 
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Utility corridors would not be designated in this alter-
native; however, the potential corridors identified in 
the White River Management Framework Plan would 
remain and major linear rights-of-way would be en-
couraged to locate in them. Community expansion 
sales or leases would be considered within a five mile 
radius of Meeker and Rangely. 

Oil Stale Alternative 

Management emphasis in this alternative would be 
placed on the development, production, and transporta-
tion of oil shale and associated materials. Priority 
would be placed on making lands available for commer-
cial oil shale leasing by private industry as demand and 
economics dictate. 

Oil shale leasing would make available lands for differ-
ent kinds of oil shale development—multi-mineral, open 
pit, and underground. Multi-mineral leasing would be 
required In the multi-mineral zone. Most of the area 
containing oil shale would be available for leasing. 
Lease offerings would be considered at least every five 
years. The number of leases and the timing of leasing 
would take into consideration the limitations of the 
carrying capacity of the environment and nearby com-
munities. Dispersed leasing would be encouraged so as 
not to concentrate impacts. Off-tract disposal of spent 
shale would be considered as proposed within existing 
legal constraints. Oil shale land exchanges would also 
be considered as proposed, but would be included in the 
carrying capacity limits. Research tracts would be 
considered as proposed. 

No sodium-only leasing would occur, only concurrently 
with oil shale leasing. All coal lands determined to be 
acceptable for leasing would be available for future 
leasing. Some 29,610 acres have been identified as 
suitable for underground coal development; of this, 
24,635 acres are also acceptable for surface mining. 

Known Geologic Structures and high priority Tight Gas 
Formations would be areas of the most oil and gas 
development. Stipulations would be applied to oil and 
gas leases within the oil shale management priority 
area to protect the oil shale resource. A five year plan 
of development would be required for new or reissued 
leases. 

No utility corridors would be identified in this alterna-
tive. Priority would be given to processing use authori-
zations associated with energy and mineral develop-
ment. Community expansion sales or leases would be 
considered for lands within a seven mile radius of 
Meeker and Rangely, and within a three mile radius of 
Rio Blanco and White River City if determined neces-
sary by local officials. 

Preferred Alternative 

This alternative achieves the combination of manage-
ment options that BLM defines as the most acceptable 
resolution of the planning issues. 

This alternative would allow for additional open pit oil

shale leasing within the open pit zone if and when off-
tract disposal needs can legally be met. The multi-
mineral zone in the depocenter of the Basin would be 
reserved from oil shale leasing until improved oil shale 
recovery can be proven. Within Known Geologic Struc- 
tures, stipulations would be placed on oil shale leases 
assuring the recovery of oil and gas. Outside of Known 
Geologic Structures, oil shale would have priority. The 
Piceance Dome area would be excluded from future oil 
shale leasing. A sequential lease offering process would 
be followed whereby critical carrying capacities for air 
quality, water quality, wildlife and socio-economics 
would not be exceeded. 

Future off-tract disposal of spent shale would be consi-
dered if legislatively authorized. Oil shale land ex-
changes would be subject to the same constraints of 
carrying capacity and location as oil shale leasing. 
Priority would be given to small exchanges to support 
private development, while exchanges of large blocked 
up federal lands would be discouraged. Small research 
tracts would be evaluated on the merits of the techno-
logy proposed and the availability of alternate private 
lands. 

Sodium-only leases would be allowed once existing 
leases are developed; however, they would not be al-
lowed if the recoverability of the oil shale resource 
would be reduced. Multi-mineral recovery would be 
encouraged once the multi-mineral zone is made avail-
able for leasing. A total of 29,601 acres of coal lands 
would be available for underground coal leasing, of 
which 24,635 acres would also be acceptable for surface 
mining. 

The water resource inventories would be completed as 
scheduled. Watershed management plans would be 
developed to identify management practices necessary 
to maintain or improve water quality. To the extent 
possible, groundwater quality or quantity would not be 
degraded. Spring uses would have to be mitigated if 
impacted. Sensitive watersheds would be protected 
through restrictions such as seasonal road closures. 

Sixteen utility corridors would be designated for major 
linear rights-of-way. Utilities would be encouraged to 
locate within these designated corridors through the 
incentive of reduced environmental analysis require- 
ments. Additional criteria are established for locating 
major utilities outside these corridors. Community 
expansion sales or leases would be considered within a 
five mile radius of Meeker and Rangely. If growth in 
these communities increases too dramatically for these 
communities to accept, and it is determined by local 
officials that development is required outside existing 
communities, Rio Blanco and White River City should 
be considered as logical sites for new community devel-
opment. 

An area of some 160 acres would be designated as an 
Area of Critical Environmental Concern in the Soldier 
Creek area. 
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drill, rights-of-way, exploration and development of oil 
and gas was formalized and made consistent. 

Relationship to Other Documents 

White River Resource Area Management Framework 
-Plan--A Management Framework Plan (MFP) for the 
entire White River Resource Area has been in effect 
(with several amendments and updates) since 1975. The 
MFP provides for future oil shale leasing by identifying 
and prioritizing eight tracts for future leasing, how-
ever, no cumulative environmental analysis was per-
formed on this proposal. 

The decisions in the MFP have been carried forward in 
the Current Management Alternative in the Resource 
Management Plan itself. The decisions In this RMP will 
supercede the MFP for the Piceance Basin Planning 
Area when the LIMP is approved. 

Grazing Management Program—In 1980, a rangeland 
management program and environmental impact state-
ment was completed, directing BLM's range program 
for the White River Resource Area. These decisions 
have also been incorporated into the Resource Manage-
ment Plan as appropriate. 

Wilderness FUR TheWhite River Resource Area has 
completed an environmental impact statement on wild-
erness management. None of the Wilderness Study 
Areas identified was located in the Piceance Basin 
Planning Area. 

Coal Amendment—The White River Management 
Framework Plan was amended in 1981. Approximately 
47 square miles of lands within the Piceance Basin 
Planning Area east of Rangely were identified as suit-
able for further consideration for the development of 
coal. 
The decisions made in the 1981 amendment have been 
carried through in this RMP. 

These lands are within the Green River-Hams Fork Coal 
Region. An environmental impact statement is cur-
rently underway that is analyzing several potential coal 
lease tracts within the region on a site-specific basis. 
None of the tracts being examined in the current EIS is 
located within the Piceance Basin Planning Area. 

Programmatic 011 Shale Environmental impact State-
ment—A program for long-term, commercial Federal 
oil shale leasing is being developed and is being ana-
lyzed in a "programmatic" EIS. Alternative methods of 
incorporating the leasing program into the land use 
planning process are being considered, and the cumula-
tive impacts of the program to Colorado, Utah, and 
Wyoming are being evaluated. Rather than wait for 
completion of the programmatic Em, it was determined 
that the planning process could proceed. it is currently 
anticipated that the process will be two tiered, in which 
the LIMP establishes a framework within which future 
leasing can take place, followed by subsequent site-spe-
cific analysis for NEPA compliance. The RMP is 
designed to accommodate such a process. 

Oil and Gas Leasing Umbrella Environmental Assess-
ment—A comprehensive management program for oil 
and gas was established for the White River Resource 
Area in an "umbrella" environmental assessment. The 
current process of approving applications for permit to

The kinds of consolidated transportation routes, right-
of-way corridors and criteria for location favored under 
the assessment have been considered in the Resource 
Management Plan. 

JOINT WORKING GROUP FAILS 
IN OIL SHALE LEASING EFFORT 

A cooperative effort of industry, environmental groups, 
and local and state government joined together last 
year in an attempt to create comprehensive national oil 
shale leasing legislation. In early 1983 they formed 
what was known as the Joint Working Group. This 
effort began as a result of the defeat of Senator John 
Warner's comprehensive Oil Shale Bill in 1982. The 
Associated Governments of Northwest Colorado and 
Colorado state government representatives then ini- 
tiated an effort to develop comprehensive oil shale 
leasing legislation and invited interested groups to 
participate. This brought together three major industry 
groups—the Rocky Mountain Oil and Gas Association's 
Committee on Oil Shale, The American Petroleum 
Institute, and The American Mining Congress; The Oil 
Shale States of Colorado, Utah and Wyoming and the 
counties most likely to be affected by oil shale develop-
ment; and three environmental groups—The Friends of 
the Earth, The Sierra Club, and The Two Rivers Citi-
zens Association from Western Colorado. In addition, 
the offices of the three-state congressional delegation 
and the Bureau of Land Management were invited as 
observers. 

Although the group was ad hoc, the three sectors had 
cooperated two years ago to fight former Interior 
Secretary James Watt's proposed oil shale leasing regu-
lations. 

Each of the three negotiating sectors had a great deal 
at stake. For industry, the mainly federally-owned oil 
shale reserves in the West remain out of reach because 
existing laws limit oil shale development. Local 
governments fear being locked out of regulating the 
development of shale. Environmentalists feel threat-
ened on every side. 

Despite the complexity of the issues, the time seemed 
right for compromise. After more than a year of 
effort, and working compromises made on all sides, a 
37 page legislative recommendation (see Pace Synthetic 
Fuels Report, March 1984, Appendix) was sent to indus-
try, government, and 21 environmental organizations 
for approval. 

Local governments, the states, and the Committee on 
Oil Shale approved the draft. Before industry adopted a 
final position, however, the effort collapsed when the 
Washington offices of three powerful environmental 
groups disavowed the environmental representation on 
the JWG and rejected the document out of hand. 
Whether anything can be salvaged from the effort 
seems doubtful. 
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DEVONIAN SHALE RESOURCE RECOVERY 
DESCRIBED 

A paper "Resource Recovery from the Devonian Shales 
of the Appalachian Basin" by Ron Zielinski was pre-
sented at the 1983 Eastern Oil Shale Symposium held in 
Lexington, Kentucky on November 13, 1983. The 
symposium was sponsored by the Kentucky Energy Cab-
inet and the University of Kentucky Institute for Mining 
and Minerals Research. The paper presents the results 
of the analysis of over 2,400 core samples and provides 
a sumary of the gas content, oil potential, and shale oil 
recovery potential for the Devonian shales in the Ap-
palachian Basin. 

The author presents results of core analysis which were 
obtained during the course of the Eastern Gas Shale 
Program sponsored by the United States Department of 
Energy. The analyses were performed to: 

• Identify the original hydrocarbon source poten-
tial 

• Assess the source potential that has been rea-
lized 

• Identify the nature of the hydrocarbon product 
(gas, oil, etc.) 

S Estimate the gas in place. 

From these objectives, the Eastern Gas Shale Program 
was primarily aimed at oil and gas generation and 
recovery. However, secondary objectives included: 

• An assessment of the oil resource available 
from retorting 

• An assessment of the elemental composition of 
the shales 

• The clay mineralogy of the shales. 

The results of the Eastern Gas Shale Program provides 
an interesting discussion on the maturation of kerogen 
to generate conventional oil and gas. The maturation 
of kerogen in oil shales can convert as much as 30 to 
35 percent of the kerogen mass to petroleum hydrocar-
bons. The first phase of maturation is a combination of 
biological, physical, and chemical processes which pro-
duce biogenic gas from kerogen at essentially ambient 
temperatures. At temperatures above 50°C or 120°F 
the chemical bonds of the kerogen begin to break. 
Maturation continues until temperatures of iso° to 
200°C (3000 to 390°F) are reached or exceeded, at which 
point petroleum hydrocarbons are "cracked" primarily 
to gas. The historical temperature gradient is difficult 
to ascertain, but the degree of maturation can be 
determined from the kerogen itself. Color of kerogen 
indicates the degree of thermal maturity as does the 
reflectance of vitrinite. The kerogen coloration is 
reported on a scale of 1 to 5 known as the Thermal 
Alteration Index (TAI). Kerogen coloration and TAPS 
are summarized in Table 1. 

The results of the maturation studies indicate that the 
total gas resource in the Appalachian Basin Devonian 
shale is approximately 2,500 trillion cubic feet.

TABLE 1 

ICEROGEN COLORATION, TAI, AND 
INDICATED MATURATION 

Temper-

	

ature	 Generated 

	

Kerogen Color Range	 TAI	 Hydrocarbon 
("C) 

Light Yellow 50 1 Biogenic Gas 
to Light 
Greenish Yellow 
Intense Yellow 50-100 l Dry Gas/Heavy Oil 
Orange 100-150 2 Wet Gas and Oil 
Brown 150 3 Light Oil and Gas 
Dark Brown 200 4 Dry Methane 
Black 200 5 Minor Methane

The results of the secondary objectives of the Eastern 
Gas shale Program (to determine potential of producing 
shale oil by retorting the Devonian Shale) indicated that 
yields of less than 8 gallons per ton can be expected. 
The author reports that this yield can be increased to 
over 11 gallons per ton by including the heating value of 
gas evolved during retorting. The highest yields of 
shale oil in the Appalachian Basin were from samples of 
the Sunbury shale taken in Rowan County, Kentucky 
and were 11.9 gallons of oil per ton. The kerogen type 
yielding the most oil was found to be algae-amorphous 
organic matter. 

CRETACEOUS OIL SHALE OF CANADA DESCRIBED 

A report, "Cretaceous Oil Shale Potential of the Prairie 
Provinces, Canada" Geological Survey of Canada Open 
File Report OF 977, February 1984 by George Macauley 
describes the Cretaceous oil shales of Canada. The 
Cretaceous oil shales of Canada are located in the 
Upper Cretaceous Boyne and Favel formations which 
are also known as the 1st and 2nd White Speckled shale 
zones, respectively, and also as the Puskwaskau and 
Kaskapau formations. These strata outcrop within and 
underlie portions of Manitoba, Saskatchewan, and 
Alberta as shown on Figure 1. The oil shales were first 
reported along the Manitoba Escarpment (in Manitoba) 
where the first analysis indicated a grade of about 
35 liters per tonne (8.4 gallons per ton). This report 
presents organic geochemistry data on the two Creta-
ceous oil shale zones from 447 samples from cores and 
potash shafts at 29 locations across the Provinces of 
Manitoba, Saskatchewan, and Manitoba. 

The oil shales located in the Favel and the Boyne zones 
are separated by the barren Morden formation along the 
eastern extent. The Morden thins to the west making 
identification of this unit difficult. Both oil shale zones 
consist of the same lithologies: dark to medium gray to 
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FIGURE	 I 
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brownish-gray marine shale. Coccolith and foramini-
feral debris cause the speckled appearance. The shales 
are finely laminated to fissile with fissibity decreasing 
with increasing carbonate. Calcareous shales tend to 
grade to lime marls where fossil debris is the dominant 
rock component. Non-calcareous organic shales are 
also inter-bedded with the calcareous shales. The Pavel 
formation is 30 to 40 meters thick along the Manitoba 
Escarpment, thins to a few meters in Saskatchewan, 
and thickens again to 35 to 60 meters in the subsurface 
of Alberta. The Boyne formation is 30 to 45 meters 
thick along the Escarpment, thins to 15 to 18 meters in 
Saskatchewan, and like the Favel thickens again in 
Alberta to 35 to 60 meters. The barren Morden forma-
tion shale is about 45 meters thick in Manitoba, thins to 
nearly zero in Saskatechwan, and thickens to over 
100 meters in Alberta. 

Samples of the oil shales from Manitoba and Saskatche-
wan were analyzed by x-ray diffraction. The x-ray 
diffraction analysis indicates that the shales are pre-
dominantly quartz with mixed layer clays (illite, chlo-
rite, and kaolinite), with calcareous cement. Most of 
the oil shales could be classified as calcareous shale 
grading to argillaceous limestone. Non-calcareous 
shales new the top of the Boyne formation are, how-
ever, organic also. Of interest is that as the calcite 
content increases toward pure limestone, the organic 
content decreases significantly. Secondary minerals 
include: zeolites, non-hydrous silicates, phosphates, sul-
fates, carbonates, iron minerals, and oxides. 

Analysis of the organics contained in the Favel and 
Boyne formations indicate that the kerogen is a mixture 
of Type II (phytoplanktonic) and Type Ill (humic) kero-

gen. Humic and phytoplanktonic layers have been 
identified by reflectance and fluorescence observations. 
Maturation studies to date indicate that the kerogen is 
immature except in Alberta where the kerogen has 
reached low maturity. 

The report presents interesting geochemical data de-
scribing the Cretaceous oil shales of Canada. However, 
to date the best oil shale yields average about 40 kilo-
grams per tonne or less than 10 gallons per ton for both 
the Pave! and Boyne formations. These "high" yields 
were found along the north slope of the Posquia Hills in 
eastern Saskatchewan. Until exploration efforts find 
oil shale in the Cretaceous band with significantly 
higher shale oil yields, these oil shales will remain a 
minor curiosity for potential oil shale development. 

UTAH TAKES ACTION ON OIL SHALE STATE 
LEASES 

The Director of the Division of State Lands recently 
took formal action concerning state oil shale leases in 
Utah. These actions are summarized as follows: 

Melba R. Hanley relinquished two state oil 
shale leases: (1) ML 24910-B consisting of 
40.00 acres in Carbon County (T12S, R13E, 
SLB&M; Sec. 2: SW*NE*); and (2) ML 30061-B 
consisting of 42.00 acres in Uintah County (T6S, 
R21E, SLB&M; Sec. 14: Lot 8). These leases 
will be terminated and the lands will be offered 
for lease by the Division's simultaneous filing 
procedures. 
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- The Director cancelled ML 30181-X by 
Charles G. Jones and ML 30181-H by Melba R. 
Manley for non-payment of 1994 rental. 

- Geokinetics, Inc. (391 Chipeta Way, Suite 0-2, 
Salt Lake City, Utah 84108-1282) submitted 
the only bids for oil shale leases offered on the 
March 2, 1984 Simultaneous Offering. Bids 
were opened March 26, 1994 at 10:00 a.m. 
These applications were checked by the Utah 
Minerals Division and found to be in order. The 
land status were also examined and the lands 
found to be open and available. The Director 
approved bids for the first year's rental, $1.00 
per acre per year thereafter, and royalty as 
provided in the lease form approved by the 
Board of State Lands. 

Mineral Lease Application No. 41338 
Bid: $1,683.20 
T95, R23E, SLB&M	 Uintah 
Sec. 32: All	 640.00 acres 

Mineral Lease Application No. 41339 
Bid: $1,683.20 
T9S, R23E, SLB&M	 tJintah 
Sec. 36: All	 640.00 acres 

Mineral Lease Application No. 41340 
Bid: $1,683.20 
T10S, R23E, SLB&M	 Uintah 
Sec. 2: 

All
	 642.32 acres 

Mineral Lease Application No. 41341 
Bid: $1,683.20 
T1OS, R23E, SLB&M	 Uintah 
Sec. 16: 

All
	 640.00 acres 

Mineral Lease Application No. 41342 
Bid: $1,683.20 
T1OS, R23E, SLB&M	 Uintah 
Sec. 32: All	 640.00 acres 

Mineral Lease Application No. 41343 
Bid: $1,683.20 
T11S, R21E, SLB&M	 Uintah 
Sec. 36: All	 640.00 acres 

Mineral Lease Application No. 41344 
Bid: $1,683.20 
TuB, R22E, SLB&M	 Uintah 
Sec. 16: All	 640.00 acres 

Mineral Lease Application No. 41345 
Bid: $1,683.20 
T11S, R22E, SLB&M	 Uintah 
Sec. 32: All 	 640.00 acres 

Mineral Lease Application No. 41346 
Bid: $1,683.20 
TuB, R22E, SLB&M	 tJintah 
Sec. 36: All	 640.00 acres 

Mineral Lease Application No. 41347 
Bid: $1,052.00 
TuB, R23E, SLB&M	 Uintah 
Sec. 32: NI, NISEI	 400.00 acres

Mineral Lease Application No. 41318 
Bid: $1,683.20 
TllS, R23E, SLB&M	 Uintah 
Sec. 16: All	 640.00 acres 

Mineral Lease Application No. 41349 
Bid: $1,851.52 
T11S, R23E, SLB&M	 tJintah 
Sec. 32: Lots 1, 2, 3, 4, 	 704.21 acres 

5, 6 7, 8, 9, 10, S+NW* 
SWNE4, SW*, NWISEL SISE 

Mineral Lease Application No. 41350 
Bid: $1,683.20 
T12S, R21E, SLB&M	 Uintah 
Sec. 16: 

All
	 640.00 acres 

Mineral Lease Application No. 41351 
Bid: $1,683.20 
T12S, R21E, SLB&M	 Uintah 
Sec. 2: All	 640.28 acres 

Mineral Lease Application No. 41352 
Bid: $1,683.20 
T12S, R22E, SLB&M	 Uintah 
Sec. 2: All	 640.24 acres 
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SOCIOECONOMIC 

RMOGA LISTS $269 MILLION OF OIL SHALE 
SOCIOECONOMIC IMPACT EXPENDITURES 

The Committee on Oil Shale of the Rocky Mountain Oil 
and Gas Association (RMOGA) has tabulated the total 
funds expended for oil shale impact mitigation in 
Northwest Colorado. The tabulation covers the period 
1974 to mid-1983. As seen in Table 1, the total amount 
is approximately $269 million. 

TABLE 1

IMPACT MITIGATION RECAP 

Total Oil Shale Company Payments Throgt. June 1983s 

C-A. 3,334,455 
C-b 8,217,810 
Colony 131,131,960 
Catty 1.250 
Union 61,346,988 

Company Total 204,032,483 

Garfield Canty 
County 36,016,355 
RIfle 25,696,166 
Parachute (Include, Battlement dee.) 160,667,896 
Carbondale 1,937,953 
Glenwood Springs 374,227 
New Castle 1,072,964 
Silt 3,512,896 

	

Total	 229,078,479 

Rio Blanco County 

	

County	 10,288,977 

	

Rengely	 4,601,362 

	

Meeker	 8,597.227 

	

Total	 23,487,566 

Met County 
County 9,730,514 
Grand JunctIon 1,682, 400 
DeBeque 1,794,818 
Colibren 1,072,000 
Fruit. 1,192,500 
PalIsade 892,000

Sub-Total	 16,364,232 
Total (Three Counties)	 263, 930, 277 

Doe not include the $47.5 million from C-. and 
$27.5 million from C-b as Oil Shale Tr,nt Pund money 
for socioeconomic impact. 

The tabulation generally does not include individual 
company contributions of less than $500. Also excluded 
are contributions not regarded as mitigation such as 
those to local athletic teams, school year-books, civic 
clubs, etc. None of the data reflects personal contribu-
tions of either money or time by company employees. 
The information shown comes primarily from oil shale 
companies and State of Colorado revenue reports from 
the Department of Local Affairs. Money committed 
for 1984 and beyond is not included. Sources of money 
include:

Union—Union Oil Company of California. Parachute 
Creek Project. 

Colony—Exxon Company, U.S.A. 

C-a—Federal Oil Shale Prototype Tract C-a, operated 
by Rio Blanco Oil Shale Company. 

C-b.--Federal Oil Shale Prototype Tract C-b, operated 
by Cathedral Bluffs Shale Oil Company. 

Getty—Getty Oil Company. 

OSTP—Oil Shale Trust Fund. The OSTF was created to 
collect, manage, and distribute 37.5 percent of the 
lease bonus payments paid to the United States Depart-
ment of Interior by lessees of the federal prototype oil 
shale tracts. That portion is returned to the State 
where the leases are located for socioeconomic impact. 
In Colorado, about $75 million was put into the State 
OSTE with $47.5 million from the Tract C-a lease and 
$27.5 million from the C-b lease. Interest earnings 
prior to final disbursement, as of the end of 1981, 
brought the total fund to $103,390,436. Since the OSTF 
was established the law has been changed so that 
50 percent of any additional federal lease bonus pay-
ments will be returned to the state. 

SEV—Local Government Severance Tax Fund. The fund 
consists of 50 percent of Colorado's severance tax on 
minerals and mineral fuels. The Colorado Department 
of Local Affairs distributes 85 percent of the fund on 
thebasis of its evaluation of applications from affected 
local governments and 15 percent on the basis of the 
number of workers in each county or municipal jurisdic-
tion. Because no commercial oil shale industry yet 
exists, the money has come primarily from production 
of oil and gas, coal, and molybdenum. 

MLF—Local Government Mineral Lease Fund. Re-
ceives 15 percent of Coloradds share of money from 
federal revenues as a result of sales, bonuses, royalties, 
and rentals of federal lands. The money is distributed 
by the Department of Local Affairs. 

The largest recipients have been Garfield County and 
the cities of Rifle and Parachute. Individual expendi-
tures and sources of funds for these three entities are 
broken down in Tables 2 through 4. 
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TABLE 2

GARFIELD COUNTY RECEIPTS AND DISBURSEMENTS 

Mineral 
Lease Fund 

& Severance 
OSTF Tax Fund C-ft C-b Colony Union Told - 

Sc hoots 
REt Glenwood 208,000 - - - - - 210,500 
REI6 Parachute 121,057 32,000 - - 3,956,827 - 4,109,864 
RE2 Rifle 6,757,386 30,000 - - 2,800 4.200,000 10,900,186 
Roaring Fork District - 101,000 - - - - 101,000 
4 District Science & - - - - 23,400 - 22,400 

History Film Series 
Health Care-Hospital District 

Grand River - 82,350 1,000 2,500 - - 85,850 
Valley View - 200,000 - - - - 200,000 

Miscellaneous County 
Airport 1,566,700 - - - - - 1,566,700 
Planning 110.000 43,000 - - 178,364 - 329,364 
Cotsncllon - 143,383 - - - - 143,383 
County Bridge - 83,000 - - - - 83,000 
County Road 215 - - - - 8,000,000 7,400,000 13,401,010 
Courthouse - 2,000,000 - - - - 2,000,000 
Employee Transportation - - - - - 500 500 
Fairground Improvements - - - - 6,000 - 6,000 
General County Government - 132,000 - - - 37,500 169,500 
Human Services - 806,137 - - 33,550 62.950 603,237 
Law Enforcement - - - - 204,997 251,270 456.267 
Parachute Brice 532,125 - - - - - 532,115 
Rullson Bridge 471.000 - - - - - 471,000 
Search and Rescue - 40,000 - - - - 40,000 
Services Ill - 36,770 - - - - 36,770 
Senior liowing - 200,000 - - - - 200. 0110 
Sniffer Dog - - - - - 500 500 
Solid Waste Study - - - - 25.000 - 28,000 50,000 
Social Services - - - - 14,909 - 14,900 
Transportation Plan - 19,600 - - - - 19,600 
Training Center - 150,000 - - - - 150, 000 
United Way - - - - - 4,880 4,880 
YouthServices - - 3,500 13,000 1,000 18,500 
total 9,786,268 3,799,840 2,000 6,000 10,458,647 11,983,600 36,016,355 

TABLES 

MY OF RIFLE RECEIPTS AND DISBURSEMENTS 

Mineral 
Lease Fund 

a Severance 
OSTF Tax Fund C-a C-b Colony Urdoes Total 

Ambulance - 31.750 - - - 31,750 
Apartments. Mobile Home Park	 - - - 3,334,200	 - - - 3,334,200 
Commercial Core Des. - tO,000 - - - - 10,000 
Company Planning 10,000 103,125 5,000 5,000 - - 123, t35 
Condo Apartment lousing - - - - - 8,500,000 8,500,000 
Drainage 405,000 - - - - - 405,000 
Downtown - 115,000 - .	 - - - 115.000 
Employee Transportation - - 210,000 1,974, 250 - - 2,184,250 
Fire Protection - 45,000 - - - - 45,000 
Floo4,lain - 208,300 - - - - 308,300 
General City Government - - - - - 10.000 10,000 
Highway 13 Bypass 2,500,000 300,000 (126,000) (71.050) (75,286) (03,000) 2,800,000 
Hospital - 878,6000 - - - - $78,600 
Hots,ing - 90,750 - - - - 90,750 
Imp. Mit. Study, Monitor - - - 197,900 10, 000 - 207,900 
Land Future Housing - - - - - 2,616,500 2,616, 500 
Law Enforcement - 39,214 - - - - 39,214 
Project Lift-Up - - 21,000 - 5,000 - 215,000 
Renervoir Study - 10,000 - - - - 10,000 
School - 42,000 - - - - 42,000 
Senior Citizens 813,500 257,500 - 2,200 - 1,000 873,200 
Sewer	 ' 505,575 600,000 - - - - 1,105,575 
Traffic - 18,446 - - - - 18,446 
Water 2,056,000 40,000 - - - - 2,096,000 
West Garfield Recreation - - - 9,920 - - 9,920 

District 
Youth Services - 26,458 - - - - 26,458 

Total 8,089,075 3,516,143 425,000 5,533,470 15,000 11,127,500 25,696,188
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TABLE 4 

CITY OF PARACHUTE AND BATTLEMENT MESA RECETh AND 

Mineral 
Lease Fund 
& Severance 

OSTF	 Tax Fund	 Colony	 Union	 Total 

Ambulance & Emergency 	 - - 36,864 21,167 58,031 
Medical Service 

Annexation Fee	 - - - 250,00 250,000 
Apartments & Mobile Home	 - - - 11,000,000 11,000 

Park 
Battlement Ma	 - - 120,000,000 - 120,000,000 
Bypass	 - - - 500,000 500,000 
Dispatcher	 - 55,000 - - 55,000 
Drainage	 - 45,000 - - 45,000 
Fire Protection	 - 150,000 94,949 75,000 319,949 
Fire Hall	 - - - 12,000 12,000 
General City Government 	 - 100,000 135,000 65,667 300,667 
Law Enforcement	 - 35,000 - 139,343 174,343 
Parks	 - - - 150,000 150,000 
Schools	 - 302,000 - - 302,000 
Senior Citizens	 - - 25,000 - 25,000 
Senior Housing	 - - - 1,000 1,000 
Sewer	 141,206 200,000 100,000 - 441,206 
Streets	 - 350,000 50,000 - 400,000 
System 911 - 7,500 25,000 32,500 
Temporary & Single Housing	 - - - 25,200,000 25,200,000 
Town hall	 - - 136,000 136,000 272,000 
Water	 250,000 270,000 0 0 520,000 
Water Tank Site	 - - 9,200 - 9,200 
Water & Sewer Taps	 - - - 600,000 600,000 

Total	 391,206 1,507,000 120,594,513 38,175,177 160,667,896
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STATUS OF OIL SHALE PROJECTS 
(Underline denotes changes since March 1984) 

COMMERCIAL PROJECTS 

AMERICAN SYN-CRUDE PROJECT - American Syn-Crude Corporation (5-5) 
American Syn-Crude Corporation is proposing a project to produce 4,160 barrels per day of shale oil and 
10.3 million standard cubic feet per day of pipeline gas. They plan to use the "Petrosix" technology a surface 
retort, developed by Petrobras of Brazil. The project is currently scheduled to commence with mine site 
preparation during the fourth quarter of 1986, with plant completion and start-up to occur during the second 
quarter of 1989. Both a loan guarantee and price guarantee are requested from the United States Synthetic 
Fuels Corporation under the third solicitation. The project was denied financial assistance by the SFC in 
October 1983. The project sponsors are currently evaluating submission of the project in the SFC's fourth 
solicitation. The Kentucky Energy Cabinet and American Syn-Crude completed Kentucky oil shale evaluation 
tests in June 1983 at Petrobras' pilot plant in Brazil with no process difficulties encountered. 

Project Cost:	 $225 million (1982 dollars) 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company: Occidental Oil Shale, Inc., and Tenneco 
Shale Oil Company MS, R96W, GPM) (S-la) 

Federal Oil Shale Lease Tract C-b, located In Rio Blanco County in the Piceance Creek Basin of northwestern 
Colorado, is managed by the equal-interest partnership between Occidental Oil Shale, Inc., and Tenneco Shale 
Oil Company, doing business as Cathedral Bluffs Shale Oil Company. A modified detailed development plan 
for a 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional permit in December 1977. 
Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil 
prices, and high interest rates. The project applied to the United States Synthetic Fuels Corporation (SFC) 
under the third solicitation and was advanced into Phase II negotiations for financial assistance under the third 
solicitation. On July 28, 1983 the SFC announced It had signed a letter of intent to provide up to $2.19 billion 
in loan and price guarantees to the project. The project is based on producing up to approximately 
14,100 barrels per calendar day of a commercial crude oil substitute. It includes mining, a commercial 
aboveground retort using Union Oil Company's Unishale B process, four continuously burning modified in situ 
retorts using the MIS technology developed by Occidental Oil Shale, Inc., an upgrading facility for treatment 
of raw shale oil, an approximately 46 mile pipeline and terminal and incidental facilities. Oil shale feedstock 
to the aboveground retort will be provided primarily by ore from a commercial room and pillar mine and will 
be supplemented by ore obtained from preparation of the MIS retorts. The crude shale oil will be upgraded on 
the tract to produce a crude oil substitute. The upgraded synthetic fuel will be shipped via pipeline to a 
distribution terminal in Rangely, Colorado. 
A "first draft" of the project's detailed development plan was submitted to the BLM/OSPO and other agencies 
in February 1984. 
Three headframes—two concrete and one steel—have been erected. Four new structures wre 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 procesang facilities exist on the tract. 
The site was designated a gassy mine in Janaury 1980. Ventilation/escape, service, and production shafts were 
completed in Fall 1981. An interim monitoring program was approved in July 1982 to reflect the reduced level 
of activity on the tract through 1984. 
Water management in 1993 was achieved via 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). Environmental monitoring has continued since completion of the two-year baseline period (1974-1976). 

Project Cost: $50.5 million spent in 1980. 
$76.5 million spent in 1981. 
$29.7 million spent in 1982. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (T5S, R98W, 
GPM) (S-20) 

Chevron's semi-works 350 tons per day plant 

Chevron's Clear Creek mine, Garfield County, Colorado, which will be operated by the J. S. - Redpath 
Corporation. Mine development began in August 1983. Mine operation commenced in January 1984 to 
coincide with start-up operations in Salt Lake City.

2-52	 SYNTHETIC FUELS REPORT, JUNE 1984



STATUS OF OIL SHALE PROJECT (Underline denotes changes since March 1984) 

COMMERCIAL PROJECTS (Continued) 

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 percent of Chevron Shale Oil Company's interest in the 
project. 
Favorable environmental impact statement was released by the Bureau of Land Management in October 1983 

tested. The earliest that decision would be made is 1985/1986. 

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

COLONY SHALE OIL PROJECT - Exxon Company USA (T5S, R95W, 6PM) (S-30) 
Proposed 47,000 barrels per day project on Colony Dow West property new Parachute, Colorado. Underground 
room-and-pillar mining and Tosco II retorting was originally 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 was changed to Casper, Wyoming, and Final £18 supplement was completed. Work on Battlement 
Mesa community commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 
1980. Site development was initiated. C.F. Braun awarded contract 12/80 for final design and engineering of 
Tosco 11 retorts. Brown & Root was to construct the retorts. Stearns-Roger awarded contract 2/81 for design 
and construction liaison on materials handling and mine support facilities. DOE granted Tosco $1.1 billion loan 
guarantee 8/81. 
On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the 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 has been completed and operation is continuing on a reduced scale. An Exxon organization 
will remain in the Parachute area to perform activities including reclamation, some construction, security, 
safety, maintenance, and environmental monitoring. These ongoing activities are designed to maintain the 
capability for further development of the Colony resource when economics become attractive. 

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

CONDOR PROJECT - Central Pacific Minerals - SO percent; Southern Pacific Petroleum - So percent (S-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 was completed in 1983 by selected retort licensors Dravo, Lurgi, and Paraho. 
Investigations of the infrastructure requirements in the Condor area were also made during 1982. These 
included surface water studies, coastal studies, and preliminary port and pipeline investigations. 
In 1984, all these engineering and other studies were evaluated and collated into a Project Feasibility Study, 
due for completion later In the year. 

Project Cost:	 Undisclosed 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-33) 
Edwards Engineering Corporation is proposing a project to be located in Utah or Colorado (Green River, 
Piceance, lj intah, Sand Wash, or Washakie Basins) to produce an unspecified amount of oil from shale using the 
Edwards Anaerobic Metal Surface Retort with heat recovery. Development work is continuing at Edwards' 
expense on the further improvement of the Edwards retort, which the project representatives feel possesses 
very favorable features. Very shortly, a new proposal will be submitted to the SFC for evaluation. 

Project Cost:	 Not Disclosed
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LOGAN WASH PROJECT - Occidental Oil Shale, Inc. (77S, R97 W, 6PM) (S-50) 

Occidental has developed its modified in situ retorting technology at its Logan Wash Operations site near Dc 
Beque, Colorado. Field tests were begun in 1972. 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 B produced nearly 55,000 barrels, of which 48,100 barrels were recovered and stored. PSD 
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 late 1981 and early 1982 and have been processed simultaneously, producing 70 percent of the 
recoverable oil during 1982. Retorts 7 and 8 produced nearly 200,000 barrels of shale oil. The research 
facility was shut down in early 1983 based on Occidental's decision that the modified In situ technology was at 
the commercial development stage. Quenching and monitoring operations on Retorts I 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 - Central Pacific Minerals, Dravo Corporation, and Southern Pacific Petroleum 
(S-36)

Southern Pacific Petroleum, Central Pacific Minerals, and Dravo Corporation are joint sponsors of a project 
proposed to the United States Synthetic Fuels Corporation to extract oil from eastern shale. The Dravo 
Circular Grate Retort technology is to be used to produce a projected 13,690 barrels of upgraded shale oil plus 
approximately 20 megawatts of electric power per day. Full operation of the plant, located in Montgomery 
County, Kentucky is scheduled for the second quarter of 1988. The project passed the SFC Phase I evaluation 
of maturity and strength in September 1983 under the third solicitation. In April 1984, the sponsors announced 
that they had withdrawn the protect from the SFC's third solicitation and were applying for financial 

Synthetic Fuels Corporation. The companies are also seeking suitable joint venture arrangements with United 
States companies. Morgan Stanley and Company is financial advisor to the project. 
Of the companies' leases of 15,000 acres, it is proposed to mine 4,000 acres, containing approximately 140 
million barrels of shale oil, over 25 years at the rate of 66,000 short tons daily (of which 50,000 short tons will 
be retorted). Gas by-product of retorting is to be used to fuel various project facilities and a power 
cogeneration plant which will produce sufficient power for the Project together with a surplus for sale to local 
utilities. 
Dravo is the Project's Development Engineer and is continuing a full range of engineering activities related to 
design and feasibility. Dravo completed retorting and upgrading pilot plant tests in June 1983 with no process 
difficulties encountered. Level II/III engineering satisfying SFC criteria was complete by August 1983. 

Project Cost:	 Approximately $1 billion 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (T6S, RSSW, 6PM) (S-40) 
Mobil is proceeding with development plans for its shale property located on 10,000 acres five miles north of 
Parachute. Currently, construction is planned to begin in the late 1980s for initial production of 10,000 to 
25,000 barrels per day in the early 1990s with an incremental buildup to 100,000 barrels per thy after the year 
2000. Retort faculties being considered include a combination of Unishale B, Tosco-Il, and Paraho retorts. 
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. The EIS is expected to be 
completed by mid-1984. Bechtel Petroleum, Inc., was awarded a contract in August 1981 to provide 
engineering and construction services. Mobil is currently performing preliminary engineering work. 

Project Cost:	 Estimated $8 billion for 100,000 BPD production 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (5-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major 
deposits at Timandit, Tangier, and Tarfaya from which the name T 3 for the Moroccan oil shale retorting 
process was derived.
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In February 1982, the Moroccan Government concluded a $4.5 billion, three phase joint venture contract with 
Royal Dutch/Shell for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day 
plant. However, the project faces constraints of lower oil prices and the relatively low grade of oil shale. No 
significant activity is underway except the resource evaluation. 

A pilot plant construction at Timandit is underway with a funding from the World Bank, and the start-up 
operation is expected during third quarter 1984. The pilot plant utilizes the T 3 process developed jointly by 
Science Applications, Inc., and the Office National de Recherche et S Exploitation Petrolieres (ONAREP) of 
Morocco. The T3 process consists of a semi-continuous dual retorting system in which heat from one vessel 
that is being cooled provides a portion of the energy that is required to retort the shale in the second vessel. 
The pilot plant has a 100 tons of raw shale per day capacity using 17 GPT shales. The design of a 
demonstration plant, which will have an initial output of 280 barrels per day, rising to 7,800 barrels per day 
when full scale commercial production begins, has been deferred until the pilot plant operation is completed in 
1985. A commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 
The T3 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science 
Applications, Inc., conducted for ONAREP an extensive process option studies based on all major processes 
available in the United States and abroad and made a recommendation in several categories based on the 
results from the economic analysis. An oil-shale laboratory including a laboratory scale retort, computer 
process model and computer process control, has been established in Rabat with assistance from Science 
Applications, Inc. 

Project Cast:	 Not disclosed 

PACIFIC PROJECT - Cleveland-Cliffs -20 percent, Sohio -60 percent, and Superior -20 percent (T6S, R98W, 6PM) 
(5-60)

Sohio, Superior, and Cliffs are continuing to conduct pre-construction work for development of the Pacific 
Shale Project. The project will be located approximately 10 miles north of DeBeque, Colorado, in Garfield 
County. The major project components will be developed on approximately 12,600 acres of land that is owned 
by the venture partners. Commercial feasibility studies and environmental baseline studies were completed 
for the project in 1983. The Bureau of Land Management is currently preparing an EIS to assess project 
impacts prior to the sale or lease of federal lands that are necessary to the project. The final environmental 
impact statements should be issued in mid-1984. 

Project Cost:	 Development schedule and project cost are not available. 

PARACHUTE CREEK SHALE OIL PROGRAM - Union Oil Company of California (T5S, 119W, 6PM) (5-70) 

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 complete on Phase I, a 10,000 barrel per day facility which will 
become the first commercial shale oil facility in the United States. Commissioning of the facility began in 
August 1983. 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 was the prime contractor for Union's 
project. DOE awarded Union a $400 million purchase agreement 7/81, under which the DOD will purchase 
3,000 barrels per thy of JP-4 and 7,000 barrels per thy of DFM/DF-2, based on a June 30, 1981 price of $42.50 
per barrel of product. Union entered the Colorado Joint Review Process to permit an expansion to total 
production of 90,000 barrels per thy by the mid-1990s. 

Phase II will be constructed in four 20,000 barrels per day modules scheduled to come on line between 1989 and 
1996. Each module of Phase II will include two Union Oil retorts identical or similar to the one utilized in 
Phase I. Preliminary roadwork is scheduled to begin in mid-1984; construction will commence in 1985. 
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 requested assistance from the United States Synthetic Fuels Corporation to 
support the operation of of Phase II. The Phase II expansion passed both the SFC's project maturity and 
strength evaluations under the third solicitation. On December 1, 1983 the SFC signed a letter of intent to 
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provide up to $2.7 billion in price guarantees for the first two 20,000 barrels per thy modules, Increments I and 
II, of the Phase II expansion. 

Project Cost:	 Approximately $650 million (Phase I) 
$4.23 billion (Phase II expansion - 1982 dollars): $1.8 billion and $1.4 billion for Increments I 
and II, respectively. 

PARAHO-UTE SHALE OIL FACILITY - Paraho Development Corporation; Raymond Kaiser Engineers, Inc.; The 
Signal Companies; Texas Eastern Synfuels, Inc. (T95, R25E, Sec. 32, SLM) (S-SO) 

Paraho Development Corporation and its private industry sponsors are currently pursuing the development of 
the Paraho-Ute Project to be located on over 5,500 acres of oil shale lands dedicated to the project in Uintah 
County, Utah. The project 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. A 20,000 barrels per thy hydrotreating facility will be constructed during Phase 1. 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 II negotiations for financial assistance. Pending the mutually satisfactory 
completion of final negotiations between the project and the SFC, construction on the project could possibly 
get underway in 1985 with production beginning in 1986-1981. 

Project Cost:	 Not available 

PETROSIX - Petrobras (Petroleo Brasileiro, S.A.) (S-90) 

A 2,200 TPD Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, 
Brazil. The plant has been operated successfully new design capacity in a series of tests since 1972. A United 
States patent has been obtained on the process. This plant operating on a small commercial unit basis since 
1981, producing 670 barrels per thy of crude oil and 10 tons per thy of sulfur. A 38 foot inside diameter 
retort, called the Industrial Module, is being constructed and will produce 2,700 barrels per thy of oil and 
50 tons per thy of sulfur iii the beginning of 1988. 

Project Cost:	 $US 100 million 

RAMEX OIL SHALE GASIFICATION PROCESS —Raznex Synfuels International, Inc. (5-95) 
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 up to 20 percent 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 new 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. 
Ramex plans to continue its pilot tests for three years prior to beginning construction. 

Project Cost: Approximately $1 million for the pilot tests. 

RIO BLANCO OIL SHALE PROJECT - Rio Blanco Oil Shale Company: Gulf Oil Company and Standard Oil Company 
(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 1,907 barrels of 
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shale oil. It burned between October and late December 1980. Second retort was 60' x 60' x 400' high and 
produced 24,790 barrels while burning from June through most December of 1981. Program cost $132 million. 
Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that 
manner without additional federal land for disposal purposes and siting of processing facilities. In August 
1982, the company temporarily suspended operatorts on its federal tract after receiving a 5 year lease 
suspension from the United States Department of Interior. The project is still in suspension until a lease can 
be obtained. Federal legislation has been enacted to allow procurement of off-tract land that is necessary if 
the lease is to be developed n this manner. An application for this land was submitted to the Department of 
Interior in 1983. Based on the decision of the acting director of the Colorado Bureau of Land Management an 
environmental impact statement for the proposed lease for 84 Mesa will now be required. Pumping of mine 
water and sour water from the retorts continues. Rio Blanco submitted a retort abandonment plan to the 
Deoartment of Interior in Fall 1983. Anoroval of the nlnn h,,c not upt heen rpnnivad hut ic nynantad in 

well anu snngent monitoring. 5.10 Dlanco is currentiy operating a zozv million one to live l'PU Lurgi pilot 
plant at Gulf's Research Center in Harmarville, Pennsylvania. This $29 million represents the capital and 
estimated operating cost for up to 5 years of operation. Engineering and planning for open pit-surface 
retorting development are being 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 — Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Australia 
(50 percent) (5-110) 

Development of the Rundle deposit near Gladstone in Queensland, Australia. In April 1981, development of a 
multi-module commercial scale facility was shelved due to economic and technical uncertainties. The project 
is scaled down to study the feasibility of a 60,000 barrels per thy plant. Under a new agreement between the 
venturers, which became effective in February 1982, Esso agreed to spend $A30 million on an initial 3-year 
work program that would resolve technical difficulties to allow a more precise evaluation of the economics of 
development. 

The work program to date has resolved a number of technical uncertainties and is now in a phase of evaluating 
how best the resource may be brought to commercial production. 

Project Cost: See above 

SEEP RIDGE — Geokinetics, Inc. and United States Department of Energy (T145, R22E, Sec. 2, SLM) (S-uS) 
Geokinetics has been conducting field tests in Uintah County, Utah to develop horizontal in situ retorting 
technology since 1975. Total production to January 1, 1984 was 88,000 barrels. 
Retorts 24, 25, and 26 are the same size (217' x 230' x 30' in 22 GPT 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 24'), 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 
day. 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 August 18, 1982. Retorts 27 and 28 are 300' x 330' x 30' and cover twice the area as 24, 25, and 26. Retorts 
27 and 28 have been ignited, and processed simultaneously during fiscal year 1984. 
The project is being funded as a cooperative program by the DOE and Geokinetics. During fiscal year 1984, 
the DOE will provide $1.35 million and Geokineties will provide $675,000. 
Under the United States Synthetic Fuels Corporation (SFC) second solicitation that ended June 1, 1982, 
Geokinetics 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 day of shale oil. The 
Agency Draw project would employ Tosco II surface retorting to produce 16,000 barrels per day of shale oil. 
Neither proposed project passed the SFC's project maturity tests due to lack of equity sponsors. At the SFC 
third solicitation that ended January 10, 1983 Geokinetics requested loan and price guarantees for a new 1,000 
barrels per thy project, Seep Ridge (a scale-down of the Wolf Den project). Seep Ridge is designed to take 
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advantage of the developed test site at Ramp Kerogen. Geokinetics will use its LOFRECO retorting process. 
Seep Ridge passed the SFC maturity tests and project strength evaluation, and on December 1, 1983 the Sit 
announced its intentions to sign a letter of intent for the project. The proposed terms include an initial ten-
year price guarantee for up to $23.7 million and a loan guarantee of up to $21.3 million that can be converted 
to a price guarantee as the loan is repaid. Guaranteed price will be $42.50 per barrel of raw shale oil (third 
quarter 1983 dollars), delivered to Salt Lake City, that will be adjusted for inflation by the PPI. 

Project Cost:	 DOE cost-sharing contract valued at $20 million 

SILMON SMITH PROJECT - Kellogg Corporation (25 percent) and Shale Energy Corporation of America (75 per-
cent) (S-116) 

The Shale Energy Corporation of America (SENCA) and the Kellogg Corporation are the sponsors of the Silmon 
Smith oil shale project. Located on a 2,500 acre site approximately 25 miles north of DeBeque, Colorado, this 
project would produce approximately 5,800 barrels per thy of shale crude from oil shale mined using the room-
and-pillar method and processed in a surface retort. Construction of the plant was scheduled to begin 
42 months after project initiation, with operations beginning approximately 4 years after beginning construc-
tion. A price 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. Sponsors require a 
purchase commitment for the products before they will begin construction, and continue to work with private 
users to arrange for such sale. 

Project Cost:	 Not Disclosed 

TOSCO SAND WASH PROJECT - Tosco Corporation MS, R21E, SLM) (S-120) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, 
Utah. A State-approved unitization of 33 non-contiguous leases required $8 million tract evaluation, which has 
been completed. 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. Final EIS for the project was issued on February 
1983. The Federal PSD permit was issued on December 10, 1981 and the Utah air quality permit was approved 
in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and 
related facilities. Construction of this initial development shaft and experimental mine would enable 
confirmation of (1) the geologic and geotechnical basis for the mine design, (2) estimated mining costs, and (3) 
the basis for enhancing projected mining recovery ratios for the commercial project. The second phase of the 
Project will consist of the construction of one 11,000 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 thy 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 has 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 

U. S. SHALE PROJECT - United States Shale, Inc. (S-125) 

United States Shale, Inc., is proposing a project to produce 10,000 barrels per day 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 thy. 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, and the project is no 
longer being pursued with the SFC. The pilot plant was successfully tested in August 1983. The project 
sponsor is currently seeking funds on a smaller scale in the private sector. 

Project Cost:	 Not Disclosed
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WHITE RIVER SHALE PROJECT - Phillips, Sohio, and Sun (Tb, R94E, SLIM) (5-130) 

Proposed joint development of Federal lease Tracts U-a and U-b in the Uintah Basin near Bonanza, Utah. 
Bonus bid for Tract U-a was $76.6 million by Sun (now Sun Shale Oil Company) and Phillips. Bonus bid for 
Tract U-b was $45.1 million by White River Shale Oil 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. 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 the White River Shale Project sponsors. Updated draft DOP 
submitted to Department of 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 1 facility includes two Unishale B retorts along with an upgrading plant to produce 
16,500 barrels per day of upgraded shale oil. Prime contractor is The Ralph M. Parsons Company. The first 
phase of the project 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 thy by the mid 1990s. 
A shaft and decline are being constructed and will be completed in 1984. 
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. However, on February 24, 1984, 
the sponsors announced they had withdrawn their request for loan and price guarantees. The sponsors are 
currently evaluating the overall White River Shale Pro j ect olans to determine if chan ges are warranted to 

Project Cost:	 Cost estimates in preparation 

R&D PROJECTS 

COTTONWOOD WASH PROJECT - Deseret Generation and Transmission Cooperative, Foster Wheeler Corporation, 
Davy McKee, and Magic Circle Energy Corporation (S140) 

The 76,000 acres of Stateof 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 is complete) called "Cottonwood Wash." The 
remaining acreage is in 640 acre, 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 and advanced permit 
applications. 

Small scale (23' diameter) retort (Paraho 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 approximately 9,000 barrels per day of crude shale oil. The project is currently in the planning and 
preliminary design phase with Synfuels Engineering and Development Company the project manager. Fullscale 
production of 33,000 barrels per day is slated for early 1993. 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 strength 
evaluation. A resubmittal to the SFC for the fourth solicitation is being pursued. 

Project Cost:	 Capital cost estimated at $600 million (1983 dollars) 
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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 BLM 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. - (see Seep Ridge) 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 
Japan Oil Shale Engineering Company, Ltd. (Joseco) was organized in July 1981 under the guidane of the 
Ministry of International Trade and Industry and the Japan National Oil Corporation. A 5 year It & D plan was 
formulated, however this original plan has been recently revised to a 6 year plan due to budgetary control. 
Joseco was financed by 36 Japanese companies in various industrial fields Including iron and steel, heavy 
machinery, mining, cement, plant engineering, and oil refining. 
Three types (a vertical shaft, a circular rate, and a new cross flow type) of retorts were built at a scale of 
about 3 tons per thy. These were designed and constructed in 1982 and were operated through August 1983 on 
oil shales from the United States, Australia, China, and Morocco. 
In the shalt type retort, oil shale descends continuously from the retorting zone to the residual carbon combus-
tion zone. To prevent flow of gas from the combustion zone to the retorting zone, a seal zone is provided 
between the two zones to separate them. Operation of the pilot plant was generally smooth, and the yield of 
shale oil was approximately equal to Fischer assay. The main feature of this type of plant is the high thermal 
efficiency obtained by the vertical counterflow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through 
preheating, retorting, combustion and cooling zones, being contacted by the gas which flows downward through 
these zones. Oil yield obtained from several kinds of oil shale was approximately equal to Fischer assay. The 
main feature of this type of plant is that the process can be adapted to the properties of different oil shales 
because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside 
surfaces of louver walls and is contacted by the heating gas which flows horizontally between the walls in 
several passes. In the pilot plant, oil yield was approximately equal to Fischer assay. The retorted oil shale is 
crushed to pieces smaller than 6 millimeters and sent to a fluidized bed for combustion of residual carbon. 
The main features of this type of plant are the low pressure loss in the retorting zone and the high carbon 
utilization ratio obtained with the fluidized bed. 
Joseco is planning a large pilot plant. The process to be used for the large pilot plant will be determined from 
the experiments on the three small-scale plants. The scale of the pilot plant is expected to be 300 tons per 
thy. Joseco expects to start designing the plant in late 1983 and construct it in 1984 to 1985. The plant is 
expected to be constructed in Japan, and several tens of thousands of tons of oil shale will be imported to 
Japan for its operation. 
Experiments have also been conducted on the physical and chemical properties of oil shales supplied from 12 
districts in six countries (United States, Australia, Brazil, Jordan, Morocco, and Sweden). A total of 85 
different oil shale samples were investigated. Tests have included trace element analysis, heat of combustion, 
differential thermal analysis, thermo-gravimetric analysis, X-ray diffractometry, microscopic observations, 
and Fischer assays. The results of these tests should give Joseco an excellent catalogue of world oil shale 
properties. 

Project Cost:	 Approximately $US 60 million 

*ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (S-175) 
Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was 
founded by several major Israeli corporations with the support of the government. PAMA launched a multi- 
year program directed toward commercial utilization of Israel's oil shale. The initial feasibility stage was set 
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R & D PROJECTS (Continued) 

for 3 years and entails expenditures around $US20 million. Oil shale can be utilized by retorting to produce 
shale oil, or by direct combustion to generate power. PAMA has been pursuing both possibilities. 
The main goal is to determine the feasibility of oil production by one of the retorting processes that have 
reached an advanced state of development. PAMA has conducted several series of retorting tests, utilizing oil 
shale from the Rotem deposit, in pilot plants representing advanced processes. In more than one case, the 
retorting pilots have performed well with Israeli oil shale producing oil and gas at reasonably good efficiencies. 

PAMA plans the construction of a semi-works demonstration plant of sufficient scale for resolving technical 
and economic issues. The size of the demo will fall in the range of 1,000 to 2,000 tons per thy of raw oil shale. 
The investment required is estimated at around $US25 to $U530 million. PAMA intend to select the preferred 
technology at the close of 1983. The workplan and schedule call for preliminary design and budget estimate by 
September 1984, followed by detailed design and construction of the demo plant by March 1987. 

The main goal of the PAMA oil shale combustion program is to develop capability to burn oil shale directly on 
a large scale. They are also studying the feasibility of industrial cogeneration of steam and power for 
factories adjacent to the oil shale deposits. Although PAMA is studying the feasibility of burning Israeli oil 
shale in conventional pulverized flame boilers, work to date indicates that fluid bed combustion suits Israeli 
shale better. 

Several series of combustion tests have been run in pilot plants, in Israel and abroad. One drawback of fluid 
bed combustion lies in the size of the boilers that represent the state-of-the-art today. To develop capability 
to burn oil shale on a large scale, PAMA has concluded that it is necessary to construct a demonstration plant 
delivering 50 to 100 tons per hour of steam. The timetable for this project is identical to that for the retort 
pilot plant. 

The design of the demo plant for direct combustion will be based on data being generated in PAMA's own small 
pilot plant. It was designed for a nominal burning capacity of 1 ton of oil shale per hour. The fluid bed 
combustor is 60 centimeters inside diameter. The pilot plant program aims at large capacities. There is also 
an opportunity for near-term use of commercial boilers to serve industrial customers in the vicinity of the 
shale deposits. There are boilers in the world, mostly fluid bed, which have seen service in combustion of low-
grade coal, and should be suitable for oil shale. PAMA examined two such boilers with encouraging results. 

Project Cost:	 Not disclosed 

JULIA CREEK PROJECT - CSR LIMITED (S-180) 

Preliminary investigation was conducted in 1980 to determine feasibility of a 115,000 barrels per thy 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 methods to reduce the price by $5 to $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 IL Feasibility study indicates additional study is warranted. CSR is 
seeking partners in the project. The Australian government has stated that it will not subsidize the synfuels 
industry through loans or tax breaks. 

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 - United States Department of Energy (5-200) 

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 was to put NOSR in position for large scale development of resources 
within five years. Contract awarded 6/22/78 to team composed of CF Braun & Company, Gulf Research & 
Development Company, Tosco Corporation, TRW, and Williams Bros. Engineering Company. Comparative 
analysis of NOSR I and eight other Piceance Creek basin properties has been completed. Draft EIS issued 
September 1980. In addition, a resource, technology, and environmental baseline characterizations have been 
completed. The program has produced over 40 technical reports. The United States Department of Defense 
formally transmitted a proposal to the United States Synthetic Fuels Corporation (SFC) in August 1982 seeking 
financial assistance to develop commercially NOSR-1. A letter of interest has been received from the 
Department of Defense for further development of synfuels. In the fall of 1983, DOD suggested the SFC seek 
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R & 0 PROJECTS (Continued) 

authorization for purchase agreements to develop the NOSR as part of its recommended comprehensive 
strategy. The output of such a project would be used to augment the Naval Petroleum Reserves. The NOSRI 
development plan which DOD has discussed with the SFC and the Department of Energy calls for 
100,000 barrels per day plant at a cost of $5.7 billion for construction and $640 million per year for operation 
and maintenance. It is estimated that there are over 19 billion barrels of shale oil at NOSR-1, and 2 to 
3 billion barrels of oil could be produced using only shale with oil content of over 30 gallons per ton. This 
would be enough to feed a 100,000 barrels per day plant for 70 years. Due to the current world crude oil 
availability and subsequent lack of interest in most synthetic fuels projects, plans for NOSR-1 are in abeyance. 

Project Cost:	 $10 million through 9/30/93 

SYNTANA-UTAH PROJECT - Magic Circle Energy Corporation, Quintana Minerals Corporation, Synthetic Oil 
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 originally held some 8,000 acres of reserves, representing a 
combination of mineral leases acquired from the State of Utah and leases negotiated with private fee-owners. 
The holdings in Uintah County were distributed over several townships new the Utah/Colorado border. To 
consolidate these properties into a minable block, Syntana-Utah 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. 
By August 1983, all the necessary evaluations and assessments were completed, and the state-federal land 
exchange was consummated. 
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 day. 
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 (PSD) 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 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Oil Shale Pty. Ltd., and Peabody Australia 
Pty. Ltd.) (S-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square 
kilometers adjacent to the small township of Yaamba located 30 kilometers (19 miles) north-northwest of the 
city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1978 during the early stages of a regional search for oil shale 
in buried Tertiary basins northwest of Rockhampton. Exploration since that time has outlined a shale oil 
resource estimated at more than 2.8 billion barrels extending over an area of 32 square kilometers within the 
basin. 
The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main seams 
extending through the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of 
the basin. The oil shales subcrop along the southern and southwestern margins of the basin and dip gently 
basinward. Several seams of lignite occur in the upper part of the Tertiary sequence above the main oil shale 
sequences. The Tertiary sediments are covered by approximately 40 meters of unconsolidated sands, gravels, 
and clays. 
Partners in the Yaamba Joint Venture are Peabody Australia Pty. Ltd., with 50 percent interest, Central Oil 
Shale Pty. Ltd., with 40 percent interest, and Beloba Pty. Ltd., a fully owned subsidiary of Southern Pacific 
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R & D PROJECTS (Continued) 

Petroleum N.L. and Central Pacific Minerals N.L., with 10 percent interest. Peabody Australia manages the 
Joint Venture which now holds two "Authorities to Prospect" for oil shale in an area of approximately 
1,080 square kilometers in the Yaamba and Broad Sound regions northwest of Rockhampton. The "Authorities 
to Prospect" were granted to the Yaamba Joint Venture by the government of the State of Queensland for a 
five year term commencing May 1983. In addition to the Yaamba Deposit, the "Authorities to Prospect" cover 
a second prospective oil shale deposit in the Herbert Creek Basin approximately 70 kilometers northwest of 
Yaamba. Drilling in the Herbert Creek Basin is still in the exploratory stage. 
A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure 
planning, and preliminary ore characterization of the Yaamba oil shale resource, has now been completed. 
Environmental baseline investigations were carried out concurrently with this study. Work has recently been 
implemented on a Phase II study aimed at determining methods for maximum utilization of the total energy 
resource of the Yaamba Basin. This study is anticipated to extend over a five year period. 

Project Cost:	 Not disclosed

COMPLETED AND SUSPENDED PROJECT'S 

Sponsors	 Last Appearance in SFR 

BX In Situ Oil Shale Project 	 Equity Oil Company	 March 1984; page 2-52 
United States Bureau of Mines Shaft 	 Multi-Mineral Corporation; United States December 1983; page 2-52 

Bureau of Mines
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Company or Organization Project Name 

American Syn-Crude Corporation American Syn-Crude Project 2-52 

Beloba Pty. Ltd. Yaamba Project 2-62 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (c-b) 2-52 

Central Oil Shale Pty. Ltd. Yaamba Project 2-62 

Central Pacific Minerals Rundle Project 2-57 
Means Oil Shale Project 2-54 
Condor Project 2-53 
Yaamba Project 2-62 

Chevron Shale Oil Company Chevron Clear Creek Project 2-52 

Cleveland-Cliffs Iron Company Pacific Project	 - 255 

Conoco Inc. Chevron Clear Creek Project 2-52 

CSR Limited Julia Creek Project 2-61 

Deseret Generation & Transmission Cottonwood Wash Project 2-59 

Dravo Corporation Means Oil Shale Project 2-54 

Edwards Engineering Company Edwards Engineering 2-53 

Esso Australia Ltd. Rundle Project 2-57 

Exxon Company USA Exxon Colorado Shale Project 2-60 
Colony Shale Oil Project 2-53 

Foster Wheeler Corporation Cottonwood Wash Project 2-59 

Geokinetics, Inc. Seep Ridge (Wolf Den and Agency Draw Projects) 2-56 

Gulf Oil Company Rio Blanco Oil Shale Project (C-a) 2-57 

Japan Oil Shale Engineering Company Japanese Retorting Processes 2-60 
(JOSE CO 

Kellogg Corporation Silmon Smith Project 2-58 

Magic Circle Energy Corporation Cottonwood Wash Project 2-59 
Syntana-Utah Project 2-62 

McKee, Davey Cottonwood Wash Project 2-59 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-54 

Occidental Oil Shale, inc. Cathedral Bluffs Project (C-b) 2-52 
Logan Wash Operations 2-53 

Office National de Recherche at Morocco Oil Shale Project 2-54 
d'Exploitation Petrolieres 
(ONA REP) 

PAMA Inc. Israeli Retorting Development 2-60 

Paraho Development Corporation Paraho-Ute Shale Oil Facility 2-56

2-64	 SYNTHETIC FUELS REPORT, JUNE 1984 



Company or Organization Project Name 

Peabody Australia Pty. Ltd. Yaamba Project 2-62 

Petrobras Petrosix 2-56 

Phillips Petroleum Company White River Shale Project (U-a/b) 2-59 

Quintana Minerals Corporation Syntana-Utah Project 2-62 

Ramex SynC uels International Ramex Oil Shale Gasification Process 2-56 

Raymond Kaiser Engineers, Inc. Paraho-Ute Shale Oil Facility 2-56 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (C-a) 256 

Science Applications, Inc. Morocco Oil Shale Project 2-54 

Shale Energy Corporation of America Silmon Smith Project 2-58 

Signal Companies, The Paratto-Ute Shale Oil Facility 2-56 

Southern Pacific Petroleum Rundle Project 2-56 
Means Oil Shale Project 2-54 
Condor Project 2-53 
Yaamba Project 2-62 

Standard Oil Company (California) Chevron Clear Creek Project 2-52 

Standard Oil Company (Indiana) Rio Blanco Oil Shale Project (C-a) 2-57 

Standard Oil Company (Ohio) Pacific Project 2-55 
White River Shale Project (U-alb) 2-59 

Sun White River Shale Project (U-a/b) 2-59 

Superior Oil Company Pacific Project 2-55 

Synthetic Oil Corporation Syntana-Utah Shale Oil Facility 2-62 

Tenneco Cathedral Bluffs Project (C-b) 2-52 

Texas Eastern Synfuels, Inc. Paratto-Ute Shale Oil Facility 2-56 

Tosco Corporation Tosco Sand Wash Project 2-58 

Union Oil Company of California Parachute Creek Shale Oil Program 2-55 

U.S. Department of Defense Naval Oil Shale Reserve Development 2-61 

U.S. Department of Energy BK In Situ Oil Shale Project 2-52 
Seep Ridge 2-57 
Naval Oil Shale Reserve Development 2-61 
Occidental Oil Shale, Inc., Logan Wash Operations 2-53 

U.S. Shale, Inc. U. S. Shale Project 2-58 

Yaamba Joint Venture Yaamba Project 2-62
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RECENT OIL SHALE PUBLICATIONS 
Cathedral Bluffs Shale Oil Company, "Prevention of Significant Deterioration of Air Quality." 

Cathedral Bluffs Shale Oil Company, "Revised Detailed Development Plan," 1984. 

Eddlemon, G. K., "Environmental Issues of Oil Shale Development in the Eastern and Western United States: A 
Comparison." 

The following papers were presented at the Energy Technolgoy Conference held on March 19, 1984 in Washington, 
D.C.:

Page, L., "Commercial Mine Development at the White River Shale Project." 

Gerson, G., "Shale Oil Refining: First Commercial Experience." 

Hommert, Paul J., "Proceedings of In Situ Oil Shale Briefing," June 1983, Sandia National Laboratories. 

Marcel Dekker, Inc., "Oil from Shale: An Analysis of Technology, Economies, and Future," September 1983. 

Marcus, D., at al, "Environmental Effects of Cementation Process on Spent Shale Leachates," SME-AIME Annual 
Meeting, February 1984. 

National Academy Press, "Research and Information Needs for Management of Oil Shale Development," Washington, 
D.C., 1983. 

Ozdemir, Levent, at al, "Evaluation of Mechanical Excavation Systems for Oil Shale Mining," Colorado School or 
Mines, July 1983. 

Peterson, E. J., at a!, "An Approach to Oil Shale Health and Environmental Research," Los Alamos National 
Laboratory, November 1983. 

Rocky Mountain Oil and Gas Association, "Shale Oil Status Report," January 1984. 

Sinks, Donna J., at al, "Oil Shale Sample Locationsand Analyses, Southwest Wyoming and Northwest Colorado," 
Geological Survey of Wyoming, 1983. 

United States Department of the Interior: 

"Mobil-Pacific Oil Shale Environmental Impact Statement." 

"Piceance Basin, Resource Management Plan and Environmental Impact Statement," April 1984. 

"Air Quality and Oil Shale," Fact Sheet, March 1984. 

The following papers were presented at the 17th Oil Shale Symposium held in Golden, Colorado on April 16, 1984: 

Lewis, A. E., et al, "Oil Shale Retorting Processes: A Technical Overview." 

Knowlton, T. M., at al, "Cold Flow Model Testing of the Hytort Process Retort Design." 

Gould, C. D., at al, "In Situ Retorting Via RF Heating; A Conceptual Design." 

Covell, J. R., at al, "Indirect In Situ Retorting of Oil Shale Using the TREE Process." 

Lau, K. K., "An Experimental Study of Flow Mechanisms in In Situ Oil Shale Retorting." 

Tyner, C. E., "Oil Yield Losses in Non-Uniform In Situ Oil Shale Retorts." 

Natarajan, M., "Kinetic Studies of Kerogen Decomposition." 

Wen, C. S., et al t "Effects of High Temperature and Heating Rate of Kerogen Decomposition." 

Mason, G. M., at al, "High Temperature Minerals In an In Situ Oil Shale Retort." 

Tyler, A. L., at a!, "Pyrolysis of Oil Shale and Related Organic Compounds in Supercritical Steam." 

Carley, J. F., at al, "Mass and Heat Transfer in Crushed Oil Shale." 

Jones, Willard II, et a!, "Gulf Shale Oil Upgrading Process Technology." 

Cole, R. D., "Sedimentologic, Mineralogic, and Geochemical Classification of Oil Shale Facies in the 
Lower Green River Formation, Colorado." 

Meddaugh, W. S., at al, "Variations in Organic Geochemistry and Petrography with Depth of Burial, 
Green River Formation Oil Shales, Piceance Creek Basin, Colorado." 

2-66	 SYNTHETIC FUELS REPORT, JUNE 1984



Atwood, M. T., et al, "Laboratory measurement of Process Yields in Oil Shale Retorting." 
Meddaugh, W. S., et al, "Variability of Fischer Assay Products from Green River Formation Oil Shales, 
C-a Tract, Pieeance Creek Basin, Colorado." 
Adams, T. F., et al, "The Role of Computer Simulation in Oil Shale Blasting." 
Parrish, R. L., "Development of a Predictive Capability for Oil Shale Rubblization: Result of Recent 
Cratering Experiments." 
Die, H. D., et al, "Summary of Oil Shale Fragmentation Research Program at Anvil Points Mine, 
Colorado." 
Reed, H. P., et al, "The Practical Role of Measurement in Oil Shale Rubblization Programs." 
Cashdoilar, K. L., et al, "Explosion Hazards of Oil Shale Dusts: Limits, Pressures, and lgnitability." 
Miller, G. A., "A Comparison of Some Technological and Environmental Aspects of Large-Scale Surface 
and Underground Mining of Oil Shale, Piceance Basin, Colorado." 
Tagge, F. W., et al, "A Cost/Benefit Analysis of Availability in Oil Shale Material Handling System." 
Robinson, R. FL, "Selection of Mining Zones from Oil Shale Core Samples." 
Weber, J. H., "The Oil Shale Environmental Research Program at the Western Research 
Institute/University of Wyoming Research Corporation." 
Brown, A., at al, "An Engineering Approach to the Elimination of Contaminated Seepage from Processed 
Shale Piles." 
Bell, P.R.F., et al, "Evaluation of Rundle Spent Shale as an Adsorbent for the Treatment of Retort 
Water." 
Peterson, E. 3., at al, "Solid and Organic-Laden Water Interactions: The Fate of Organics and 
Inorganics." 
Fox, J. P., "The Mobility of Organic Compounds in a Codisposal System." 
Batley, G. E., "Applicationsof Liquid Chromatography with Electrochemical Detection of the Analysis of 
Oil Shale Process Waters and Leachates." 
Jones, B. M., et al, "Rapid Estimation of Organic Nitrogen in Oil Shale Wastewaters." 
1-lowatson, J., et al, "Inorganic Sulfur Species in Retorted Oil Shale." 
Cho, P., "Oil Shale Health and Environmental Effects Research Projects and Risk Analysis 
Requirements." 
Berry, B., "Public Health Risks from an Oil Shale Industry." 
Gratt, L., "High Risk Groups in the Oil Shale Workforce." 
Marine, W., "Risk of Lung Disease in Oil Shale Mining." 

Savitz, D., "Cancer Risks in Oil Shale Retorting." 

SHALE - PATENTh 

"Method of Forming an In Situ Oil Shale Retort," Irving G. Studebaker -Inventor, Occidential Oil Shale Inc., United 
States Patent 4,423,906, January 3, 1984. An in situ oil shale retort is formed in a subterranean formation 
containing oil shale and having a substantially vertically extending second cleavage plane set intersecting the first 
set. The dispersion of the individual cleavage planes in the first and second cleavage plane sets is determined. The 
in situ retort is formed by excavating a vertical slot-shaped void within the boundaries of the retort site, leaving a 
remaining portion of the unfragmented formation within the retort site which is to be explosively expanded toward 
the slot. The unfragmented formation adjacent the slot has a pair of longer vertical free faces substantially aligned 
with the cleavage plane set having the lower dispersion. A pair of shorter vertical side walls of the slot can extend 
substantially perpendicular to the cleavage plane set having the lower dispersion. Explosive placed in such 
remaining formation adjacent the slot is detonated to fracture formation along cleavage planes in the first and 
second cleavage plane sets and to expand such remaining formation within the retort site toward the slot, forming a 
fragmented permeable mass of formation particles containing oil shale within the retort site. 

"In Situ Recovery of Shale Oil," Richard D. Ridley - Inventor, Occidental Oil Shale Inc., United States Patent 
4,423,907, January 3, 1984. An in situ oil shale retort is formed in a subterranean formation containing oil shale and 
having horizontal cleavage planes extending parallel to the bedding of the formation and approximately orthogonal 
vertical cleavage plane sets extending perpendicular to the horizontal cleavage planes. The in situ retort is formed 
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by excavating an opening or void in a retort site In the formation and placing explosive in the formation adjacent the 
void such that the explosive can fracture formation along the vertical cleavage planes and expand remaining 
formation within the retort site toward the void, forming a fragmented permeable mass of formation particles 
containing oil shale within the retort site. 

"Formation of an In Situ Oil Shale Retort with Control of Mounding," Thomas E. Ricketts - Inventor, Occidental Oil 
Shale inc., United States Patent 4,423,908, January 3, 1984. A method for forming a fragmented permeable mass of 
oil shale particles in an in situ oil shale retort in a subterranean formation containing oil shale is provided. At least 
one void is excavated within the retort site in the subterranean formation while zones of unfragmented formation 
are left adjacent such a void. The zones of unfragmented formation are then explosively expanded toward the void 
for forming the fragmented permeable mass of formation particles in the retort. To provide a fragmented mass 
with a flat top surface and reasonably uniform void fraction distribution, at least one of the zones of unfragmented 
formation is explosively expanded toward the void in a plurality of contiguous regions. Each such contiguous region 
has a free face adjacent the void and Is expanded by first explosively expanding a first portion of that region toward 
the void. The tree face of the first portion expanded is near the center of its respective region. Thereafter, a 
second portion of each region is expanded toward the void. The free face of the second portion is adjacent the free 
face of the first portion and surrounds the free face of the first portion. Remaining portions of each region are than 
expanded toward the void in sequence radially outwardly from the next previously expanded portion. 

'Method for Removing Contaminants from Hydrocarbonaceous Fluid," Lillian A. Rankel - Inventor, Mobil 
Corporation, United States Patent 4,424,118, January 3, 1984. The present invention relates to a method for 
removing contaminants such as arsenic from a hydroearbonacus fluid which consists essentially of the crude, or a 
fraction thereof, obtained from oil shale, solid coal, or tar sands by non-catalytically heat treating the 
hydrocarbonaceous fluid at a temperature of from about 20°F to about 600°F in the presence of an aqueous solution 
containing an agent that would convert such contaminants into components soluble in the aqueous solution. 
Particularly suitable agents to be utilized in the above aqueous solution to remove contaminants such as arsenic are 
ammonium sulfide type compounds. The purified hydrocarbonaceous fluid may be subjected to a catalytic 
hydrotreating process. 

"Selective Removal of Nitrogen-Containing Compounds from Hydrocarbon Mixtures," Henry W. Choi and Martin 8 
Dines - Inventors, Occidental Research Corporation, United States Patent 4,424,121, January 3, 1984. A method is 
disclosed for reducing the nitrogen content of hydrocarbon liquids. The method comprises contacting the 
hydrocarbon liquid with a solid metal salt capable of selectively extracting nitrogen-containing compounds from the 
hydrocarbon liquid to thereby form a nitrogen-rich solid extract. Nitrogen lean hydrocarbon liquid is then separated 
from the solid extract. The solid extract is washed with a solvent capable of selectively dissolving non-nitrogen-
containing compounds "trained in the solid extract. The solid extract is then treated with a release agent for 
selectively dissolving nitrogen-containing compounds to thereby recover the metal salt. The presently preferred 
metal salt is cupric chloride. A process for reducing the nitrogen content of shale oil comprising- contacting shale 
oil with an extraction agent comprising at least one solid metal salt selected from: the group consisting of cobalt 
molybdate, cobalt metaborate, the halides, nitrates, sulfates and tetronfluoroborates of copper, zinc, nickel, cobalt, 
iron, manganese, chromium, vanadium, niobium, zirconium, molybdenum, thorium and uranium; or the group 
consisting of the phosphate and phosphate derivatives of zirconium and the copper II exchanged counterparts 
thereof; or the group consisting of the substituted and non-substituted acetates, carboxylates and acetylacetonates 
of copper, zinc, nickel, cobalt, iron, manganese, chromium, vanadium, niobium, zirconium, molybdenum, thorium and 
uranium, for a time sufficient to remove at least a portion of the nitrogen-containing compounds from the shale oil 
to thereby form a nitrogen-lean shale oil raffinate and a high-nitrogen extract; separating the high-nitrogen extract 
from the shale oil raffinate; washing the high-nitrogen extract with a first solvent having a dielectric constant of no 
more than about 2 for dissolving non-nitrogen-containing compounds entrained in the extract to thereby form a 
solvent wash comprising the first solvent and non-nitrogen containing compounds dissolved therein, and distill the 
solvent wash sufficiently to form a distillate comprising the first solvent substantially free of non-nitrogen-
containing compounds; combining the bottoms and the raffinate; mixing the high-nitrogen solid extract with a 
second solvent having a dielectric constant of from about 2 to about 8 to thereby form a solvent phase comprising 
the second solvent and nitrogen-containing compounds and a solid phase comprising the metal salt; separating the 
solvent phase from the solid phase; and distilling the solvent phase sufficiently to form a distillate comprising the 
second solvent substantially free of nitrogen-containing compounds. 

"Preparation of Surfactants," Raymond J. Swede - Inventor, UOP Inc., United States Patent 4,424,169, January 3, 
1984. Surfactants, or surface active agents, may be prepared by treating oil shale with an aromatic compound such 
as benzene, toluene, etc., in the presence of a Friedel Crafts catalyst such as aluminum chloride at temperatures up 
to the reflux temperature of the aromatic compound. Thereafter, the alkylated product is separated from any 
excess aromatic compound and oil shale, sulfonated by treatment with a sulfonating agent such as sulfur trioxide and 
neutralized to produce the desired surfactant. 

"Method of and Apparatus for Processing of Oil Shale," Daniel W. Kestner, Jr. -Inventor, Dravo Corporation, United 
States Patent 4,425,220, January 10, 1984. In the indirect method of retorting oil shale highly heated gases 
produced out of contact with flames in a heat exchanger are introduced into the retort and release oil vapor and 
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high-value, high BTU gas and oil vapor from the shale which mix with the hot gas so introduced into the retort. 
Instead of burning the heat value gas of pipeline quality in the heat exchanger which is the present procedure, this 
invention fires the heat exchanger with abundant, cheap, low-value gas which for example is produced underground 
in situ at or near the retort, thereby preserving the high value gas, after condensation of the oil vapor, partially for 
recirculation through the heat exchanger and retort and for in-plant operations, such a hydrogenation of the extract 
shale oil to produce refinable crude or for pipeline use. 

"Ignition Procedure and Process for In Situ Retorting of Oil Shale," Gerald B. Hoekstra (deceased) - Inventor, 
Standard Oil Company (Indiana), United States Patent 4,425,967, January 17, 1984. An in situ process and ignition 
procedure are provided to retort oil shale which increases product yield and enhances uniformity of the flame front 
in an underground retort. In the process, a portion of the rubblized mass of oil shale is preheated with steam, 
nitrogen or some other inert gas, to at least the minimum oil shale ignition temperature and preferably retorted. 
Thereafter, the preheated oil shale is ignited with hot excess air or some other oxygen-containing gas above the 
maximum desired retorting temperature to establish a generally uniform flame front across the retort. In the 
preferred form, the preheating gas and oxygen-containing gas are introduced into the retort at different times from 
the same specially configured downhole burner, 

"Process for Removing Nitrogen from Shale Oil," Paul Y Chen and Ajay M. Madgavkar - Inventors, Occidental 
Petroleum Corporation, United States Patent 4,426,280, January 17, 1984. There is provided a process for reduction 
of the nitrogen content of shale oil. The process comprises contacting shale oil with a low acid strength solvent in a 
first extraction zone, followed by contacting the shale oil with a high acid strength solvent in a second extraction 
zone. A portion of the high acid strength solvent containing extracted nitrogen-containing and non-nitrogen-
containing compounds is passed to the first extraction zone and diluted to form low acid strength solvent, and at 
least a portion of the non-nitrogen-containing compounds redissolve into the shale oil in contact with the low acid 
strength solvent and are recovered. Thus, oil recovery is maximized at high nitrogen removal. 

"Apparatus for Practicing Heat Flux Control Technique," John H. Barney -Inventor, Taco Corporation, United 
States Patent 4,427,493, January 24, 1984. In processes for retorting oil shale using recycled heat carrying ceramic 
balls having a critical heat flux value, efficient operation, without heat shock damage to the balls, is obtained by 
operating at a weight 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 between 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. 

"Distilling Shale Oil from Oil Shale," Hiroaki Nishio (of Japan) - Inventor, Kokan Nippon, United States Patent 
4,427,529, January 24, 1984. A method for distilling shale oil from oil shale, which comprises: supplying an oil shale 
together with a granular heat medium heated to a prescribed temperature in a heating furnance to a distilling 
furnace, where a gas containing a gaseous shale oil, hydrogen and carbon monoxide is separated by vaporization from 
said oil shale through heat exchange with said granular heat medium; separating the liquid shale oil from said gas, 
separating said granular heat medium from the waste oil shale after separation of said gas; and then, feeding back 
said granular heat medium into said heating furnace to reheat said heat medium again to said prescribed 
temperature and to use said heat medium in recycle. In said method, said granular heat medium comprises 
manganese oxides and iron oxides. The heat of said granular heat medium is replenished with the heat produced by 
exothermic reaction of said hydrogen and said carbon monoxide contained in said gas with Mn203 contained in said 
granular heat medium and reducing by means of said hdyrogen and said carbon monoxide contained in said gas, 
Fe203 contained in said granular heat medium into Fe304 and Fe to impart magnetism to said granular heat 

 medium; and, magnetically separating said granular heat medium from said waste oil shale. 

"Oil Shale Extraction Process," Zeinab H. Beset - Inventor, Exxon Research and Engineering Company, United States 
Patent 4,428,821, January 31, 1984. Hydrocarbon liquids are recovered from kerogen-containing oil shale by 
treating the oil shale with gaseous ammonia or a gaseous aliphatic amine prior to or during contact of the oil shale 
with an organic solvent. The hydrocarbon liquids thus extracted from the oil shale are then recovered from the 
solvent. The gaseous treatment step will normally take place at a temperature between about 5000 and 800°F and at 
a pressure between about 200 psig and about 1,000 psig. Preferably, the kerogen-containing oil shale will be treated 
with the ammonia or other gas prior to the extraction step. 

"Dewaxing and Upgrading of Raw Shale Oils," Dennis S. Walsh - Inventor, Mobil Corporation, United States Patent 
4,428,826, January 31, 1984. Raw shale oil is selectively dewaxed to lower the pour point by contacting a shale oil 
charge with a low acid crystalline zeolite. The low acid catalysts can be formed by extensive ion exchange of 
ZSM-5 type catalysts. The shale oil is dewaxed in the absence of hydrogen at high temperature and low pressure. 

"Catalyst for SimultaneousHydrotreating and Hydrodewaxing of Hydrocarbons," Timothy L. Carlson and John W. 
Ward - Inventors, Union Oil Company of California, United States Patent 4,428,862, January 31, 1984. Waxy shale 
oil feeds containing organonitrogen and/or organosulfur components are contacted with a catalyst comprising a 
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group VI B metal component on a support containing silicalite and a porous refractory oxide under conditions of 
elevated temperature and pressure and in the presence of hydrogen so as to simultaneously reduce its pour point and 
its organosulfur and/or organonitrogen content. 

"Method and Apparatus for Burning Damp Oil Shales of Low Heating Power," Guy Quesnel (of France) - Inventor, 
Societe Anonyme Dite Stein Industrie, United States Patent 4,429,646, February 7, 1984. The oil shale Is burned in a 
combustion chamber having a chimney, and the method comprises: providing a drying gas by mixing hot gas taken 
from the combustion chamber via a duct with relatively cool gas taken from the chimney via a duct, the proportions 
of said gases being adjusted as a function quantity of water in of said damp shale; crushing lumps of said shale in a 
crusher and in the presence said drying gas; injecting the resulting grains of crushed shale together with the hot gas 
Into an expanson chamber in which the major portion of the grains falls out from the drying gas, while the lightest 
portion of grains is entrained by the gas; passing the drying gas together with said lightest portion of grains 
entrained thereby via a duct through filter means to separate said lightest portion of grains from the drying gas; 
riddling said major portion of the grains to provide a larger grain fraction and a smaller rain fraction; recycling 
said larger grain fraction via a duct through said crusher; combining said smaller rain fraction with the said lightest 
portion of grains separated by said filter means and injecting the combined grains into said combustion chamber in a 
suspension in primary air. 

"Fluid Bed Retorting Process with Lateral Flow," Robert D. Oltrogge -Inventor, Gulf Oil Corporation and Standard 
Oil Company (Indiana), United States Patent 4,430,195, February 7, 1984. A fluid bed retorting process is provided 
in which solid heat carrier material and solid hydrocarbon-containing material, such as oil shale, tar sand, and coal, 
are fluidly moved In a lateral direction until they spill over an upright barrier into an overflow discharge outlet. The 
solids can be premixed in the retort before entering the laterally moving fluid bed in a premixing fluidizing chamber 
or with a conical deflector. Upright annular or transverse baffles can be positioned in the fluid bed to minimize 
lateral baekmixing of solids and can also extend above the surface of the fluid bed to minimize wave propagation. 
Any unfluidized coarse particles can also be moved laterally by gravity flow and jet deflectors. 

"Demetallation of Hydrocarbonaceous Feeds with Hydrogen Sulfide," Lillian A. Henkel - Inventor, Mobil Corpora-
tion, February 6, 1984. A non-catalytic process for removing at least one metal contaminant from shale oil 
comprising contacting the shale oil with a gas comprised of about 40 to about 100 percent by volume of hydrogen 
sulfide and about 0 percent to about 60 percent by volume of hydrogen at a pressure of at least 15 psig and at a 
temperature of about 6000 to about 800°F. 

"Method for Selective Plugging of Depleted Channels or Zones in In Situ Oil Shale Retorts," David R. Parrish - 
Inventor, Standard Oil Company (Indiana), United States Patent 4,431,055, February 14, 1984. A process for 
enhancing the recovery of shale oil from an in situ oil shale retort comprising the steps of: forming a generally 
vertical in situ oil shale retort in an underground formation of raw oil shale; initiating a flame front in an upper 
portion of the in situ oil shale retort to emit combustion gases defining a heating front; injecting air into said flame 
front to support said flame front and drive said combustion gases defining said heating front generally downwardly in 
said in situ oil shale retort; retorting a portion of said raw oil shale in said in situ oil shale retort with said heating 
front to liberate shale oil; combusting said retorted portion with said flame front leaving a combusted portion 
defining a depleted zone; detecting said depleted zone; substantially plugging said combusted portion defining said 
depleted zone by injecting an aqueous liquid substantially free of a formation plugging amount of solute into said 
combusted portion of said in situ oil shale retort defining said depleted zone at a temperature up to the temperature 
of said combusted portion to crumble at least a portion of said combusted shale in said combusted portion to form 
fine shale particles which substantially fill cracks in the combusted shale of said depleted zone so as to selectively 
increase the resistance of said depleted zone to the now of said combustion gases; and retorting another portion of 
said raw oil shale in said in situ oil shale retort with said heating front to liberate more shale oil while 
simultaneously substantially preventing said combustion gases from passing through said plugged portion to enhance 
the recovery of said shale oil. 

"Apparatus for Distilling Shale Oil from Oil Shale," Yoshio Sato and Taiceyoshi Shishido both of Japan) - Inventors, 
Nippon Kokan, United States Patent 4,431,483, February 14, 1984. An apparatus for distilling shale oil from oil 
shale, which comprises: a vertical type distilling furnace which is divided by two vertical partitions each provided 
with a plurality of vent apertures into an oil shale treating chamber and two gas chambers, said oil shale treating 
chamber being located between said two gas chambers in said vertical type distilling furnace, said vertical type 
distilling furnace being further divided by at least one horizontal partition into an oil shale distilling chamber in the 
lower part thereof and at least one oil shale preheating chamber in the upper part thereof, said oil shale distilling 
chamber and said oil shale preheating chamber communicating with each other through a gap provided at an end of 
said horizontal partition, an oil shale supplied continuously from an oil shale supply port provided in said oil shale 
treating chamber at the top thereof into said oil shale treating chamber continuously moving from the oil shale 
preheating chamber to the oil shale distilling chamber, a high-temperature gas blown into an oil shale distilling 
chamber passing horizontally through said oil shale In said oil shale treating chamber, thereby said oil shale is 
preheated in said oil shale preheating chamber, and a gaseous shale oil is distilled from said preheated oil shale in 
said oil shale distilling chamber; and a separator for separating by liquefaction a gaseous shale oil from a gas 
containing the gaseous shale oil discharged from the oil shale preheating chamber. 
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"Hydrocarbon Production by Free Fall Countercurrent Flow Hydroconversion," Paul B. Tarman - Inventor, Institute 
of Gas Technology, United States Patent 4,431,509, February 14, 1984. A process and apparatus for production of 
liquid and gaseous hydrocarbon products from solid organic carbonaceous materials by reacting free falling solids 
with a countercurrent hydrogen containing gas stream. The process is conducted with a lean solids phase which 
provides good process control and uniform flow of solids even in the presence of condensation and refluxing of 
liquids on the solid particles. Oil shales of the Eocene period having modified Fischer assays of less than about 
9 gallons of oil per ton and representing less than one-half the organic carbon present in the oil shale are 
particularly well suited for the process of this invention. A reactor particularly suited for conducting reactions 
between free falling solids and countercurrent flowing gas streams is disclosed together with preferred methods for 
introduction of solid feeds to the top of the reactor including distribution baffles and fluidized bed feed distribution 
systems. 

"Enhanced Removal of Nitrogen and Sulfur from OR Shale," William N. Olmstead - Inventor, Exxon Research and 
Engineering Company, United States Patent 4,431,511, February 14, 1984. Disclosed is a method for enhancing the 
removal of nitrogen, sulfur, or both from oil shale. The oil shale is treated with either (1) steam at a temperature 
from about 250°C to about 350°C to remove nitrogen; or (2) water at a temperature from about 200°C to about 350°C 
to remove both nitrogen and sulfur. 

"HighNitrogen-Containing Oil Processing," Philip J. Angevine, Guenter H. Kuehl, and Sadi Mizrahi - Inventors, 
Mobil Corporation, United States Patent 4,431,518, February 14, 1984. This invention relates to an improved 
process for reducing the pour point of oil feedstocks containing high levels of total nitrogen; e.g., shale oil or 
fractions thereof, wherein the same is contacted with a catalyst comprising a boron-containing crystalline material 
having the structure of zeolite ZSM-5 under conditions including elevated temperature and pressure. 

"In Situ Retorting with Flame Front-Stabilizing Layer of Lean Oil Shale Particles," Darrel D. Porter, Herman 
Wissenberg, and Earl D. York - Inventors, Gulf Oil Corporation and Standard Oil Company (Indiana), United States 
Patent 4,435,016, March 6, 1984. An in situ retort and process are provided for underground retorting of oil shale. 
The in situ retort is formed with at least one flame front-stabilizing layer of minute lean oil shale particles which 
serves as a redistribution region or grid. When the flame front is ignited and passed through the retort with a feed 
gas, the flame front-stabilizing layer will stabilize and enhance horizontal uniformity of the flame front to 
substantially minimize burning of the product shale oil. 

"In Situ Oil Shale Retort with Differing Upper and Lower Void Fractions," Thomas E. Ricketts - Inventor, Occidental 
Oil Shale Inc., United States Patent 4,435,107, March 6, 1984. An in situ oil shale retort is formed in a subterranean 
formation by excavating voids adjacent the top and bottom boundaries of the retort, leaving an intermediate zone of 
unfragmented formation between the voids. The lower level void is substantially larger than the upper level void. A 
lower portion of the intermediate zone is explosively expanded downwardly toward the lower level void for forming 
a first moiety of a fragmented mass of formation particles in the retort and leaving a void space over the top of the 
first moiety having about the same volume as the upper level void. Thereafter an upper portion of the intermediate 
zone is explosively expanded upwardly toward the upper level void and downwardly toward the void space for 
forming a second moiety of the fragmented mass in the retort. The fragmented mass has an average void fraction 
up to about 25 percent and no substantial part has a void fraction less than about 20 percent. 

"Re-Refining Lubricating Oil in a Bed of Oil Shale," Costandi A. Audeh -Inventor, Mobil Corporation, United States 
Patent 4,435,270, March 6, 1984. A method of reclaiming usable stock from used lubricating oil includes passing the 
used oil through a bed of oil shale containing kerogcn. The shale removes impurities from the oil. The shale is then 
heated to convert the kerogens to shale oil in the presence of hydrogen donor compounds contained in the lubricating 
oil remaining in the shale. These enhance hydrogen transfer during shale oil production. 

"Oil Shale RetortingProcess with a Moving Bed Pressure Letdown Stage," Roland F. Deering and John H. Duir - 
Inventors, Union Oil Company of California, United States Patent 4,435,271, March 6, 1984. A dry sealing leg 
apparatus is comprised of four chambers through which a moving bed of retorted shale particulates from an oil shale 
retort is passed serially: a surge chamber, a gas injection chamber, a seal leg chamber, and a gas disengaging 
chamber. In the gas injection chamber, a sealing gas penetrates the moving bed of shale and divides into two 
portions. One portion travels countercurrentiy to the shale through the surge chamber and enters the retort at a 
positive pressure to seal product gases therein. A second portion travels co-currently with the shale through the 
seal leg chamber and gas disengaging chamber and exits at a pressure less than that of the retort, having been 
reduced in pressure by resistance to its passage through the shale. A method is provided wherein shale particulates 
are retorted, then passed through the dry sealing leg to reduce pressure, and crushed at a lower pressure than the 
operating pressure of the retort, following which the crushed retorted particulates are transported by an entraining 
gas stream to a fluidized combustor in which a substantial proportion of combustible materials on the shale 
particulates is burned to release heat energy for recovery from the flue gases. 

"Process for Manufacturing Gasoline with Upgrading of Hydrocarbon Oils," Jean Pierre Franck, Yves Jacquin, 
Bernard Juguin, Christian Marcilly, and Germain Martino (all of France) - Inventors, lnstitut Francais du Petrole, 
United States Patent 4,435,274, March 6, 1984. Residual oils from steam-cracking or catalytic cracking, oils from 
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coal liquefaction, and oils from bituminous sands and shales are converted to gasoline by a process comprising the 
fractionation of the feed charge to a naphtha and a middle distillate: the naphtha, admixed with a gasoline cut "5," 
is hydrotreated and then dehydrogenated to gasoline; the middle distillate is hydrotreated and fractionated to 
gasoline and a heavier fraction, the heavier fraction is hydrocracked and fractionated, thus producing a gasoline cut 
which constitutes the above cut "E." 

"In Situ Retorting of Oil Shale with Pulsed Combustion," John M. Forgac and Gerald B. Hoekstra (deceased) - 
Inventors, Standard Oil Company (Indiana), United States Patent 4,436,344, March 13, 1984. Product yield and 
quality are increased during in situ retorting of oil shale by pulsed combustion in which the flow of feed gas to the 
flame front is intermittently stopped while continuously retorting the oil shale. A purge gas can be injected into the 
retort between pulses of feed gas to enhance transfer of sensible heat from the combustion zone to the retorting 
zone and enlarge the separation between the combustion zone and the advancing front of the retorting zone. 

"Process for Devolatilizing Devolatiilizable Fine-Grained Material by Means of Hot, Fine-Grained Heat-Carrying 
Material," Alfons Bussmann, and Roland Rammier (both of West Germany) - Inventors, Metaligesellschaft AG, 
United States Patent 4,436,588, March 13, 1984. Devolatizable fine-grained material which contains hydrocarbons is 
devolatilized by means of fine-grained solids which have been heated to temperatures of about 500 0 to 1,000°C. The 
devolatilizable fine-grained material is mixed with the heated solids and is thus heated to temperatures of about 
4000 to 900°C. The mixture is passed through a dwell zone, and gaseous and vaporous devolatilizatlon products are 
withdrawn and cooled. The heated solids are fed to the dwell zone as a loosened stream in a trickling and/or 
agitated state of motion, and the devolatiizable fine-grained material is introduced into said stream in order to be 
admixed thereto. The heated solids and the devolatilizable fine-grained material can be mixed in a weight ratio of 
3:1 to 12:1. The stream of trickling heated solids can be deflected at least in part. 

"Process for Heating Recycle Gas In Oil Shale Retorting," Louis H. .Jaquay and Mark Venetti - Inventors, Dravo 
Corporation, United States Patent 4,436,611, March 13, 1984. Recycle gas for the indirect retorting of oil shale, is 
heated after the oil has been recovered from the gas, utilizing the residual carbon in hot oil-depleted shale. The hot 
oil-depleted shale is charged into a vertical shaft furnace where it is combusted by the introduction of air into the 
upper portion of the furnace. The heat so generated is recovered from the lower part of the furnace for heating the 
recycle gas and cooling the spent shale. A portion of the coarse fraction of the cooled spent shale discharged from 
the bottom of the furnace is recycled to the top to regulate the temperature of combustion. The recycle gas may be 
heated directly by countercurrent contact with the hot, spent shale in the lower portion of the furnace or indirectly 
in a heat exchanger by an inert gas which is circulated through the lower portion of the furnace. The gaseous 
products of stoichiometric combustion of the residual carbon from the upper part of the furnace are withdrawn at an 
intermediate level with, and as a component of, the recycle or inert gas withdrawn from the bottom of the furnace. 

"Reduction of Shale Oil Pour Point," Chang I Cha and Harry E. McCarthy -Inventors, Occidental Oil Shale Inc., 
United States Patent 4,437,519, March 20, 1984. A portion of crude shale oil produced from an in situ oil shale 
retort is blended with shale oil produced from a Tosco 11 retorting process to produce a blended shale oil composition 
having a pour point lower than the pour point of the shale oil produced from the Tosco II retorting process. 

"Iron-Containing Refractory Balls for Retorting Oil Shale," Lyle W. Pollock -Inventor, Phillips Petroleum Company, 
United States Patent 4,438,161, March 20, 1984. A process for preparing iron-containing ceramic balls, containing 
about 10 to 90 weight percent iron and the balance a high refractory ceramic-alumina, which comprises: (a) tumbling 
iron shot with finely divided powdered refractory grade alumina of about 5 to 10 micron particle size and with 
sufficient water to provide an alumina coating on each said shot, (b) heating said alumina coating iron shot to a 
temperature of about 2,8000 to 3,400°F for a time sufficient to result in said iron-containing ceramic balls, and (c) 
cooling said iron-containing ceramic balls in the substantial absence of molecular oxygen, wherein said iron-
containng ceramic balls contain In cross-section a metallic iron core and a ceramic-alumina overcoating. 
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PROJECT ACTIVITIES 

THREE OIL SANDS PROJECTS ADVANCED 
AND ONE DROPPED BY THE SFC 

Three oil sands projects under consideration for finan-
cial assistance by the United States Synthetic Fuels 
Corporation (SEC) were advanced on April 5, 1964. The 
SFC Board of Directors notified the United States 
Department of the Treasury to set aside $543 million 
for the Kentucky Tar Sand project, $60 million for the 
Forest Hill project, and $100 million for the HOP Kern 
River Commercial Development project. Although 
terms for the three projects have been proposed (see 
the article in this section entitled "SFC Proposes Terms 
of Assistance to Three Oil Sands Projects"), neither 
letters of intent nor financial assistance have been 
awarded to any oil sands projects. 

In other SFC actions, on April 5, 1984, the Board 
dropped the Sunnyside project sponsored by the GNC 
Energy Corporation and Standard Oil Company of Cali-
fornia. Additionally, the Board decided to defer any 
decisions regarding the ChaparrosaRanch project until 
after April 1984. Hence, four oil sands projects now 
remain under consideration by the SEC. These projects 
and their status are listed in Table 1. 

Because the SEC Board is without the four member 
quorum that is needed to conduct business, the four oil 
sands projects that are still under consideration will be 
forced to wait until the minimum quorum is reesta-
blished. The timing of President Reagan's submission of 
nominations and the United States Senate's approval is 
uncertain. 

Recent SFC decisions regarding projects are depicted in 
Figure 1 of the article entitled "SEC Makes One Award 
and Drops Nine Projects" in the General section of this 
issue of the Pace Synthetic Fuels Report. The status of 
all projects that applied to the SFC for assistance are 
shown in Figure 2 in the same article.

AMOCO CANADA INITIATING ONE 
COMMERCIAL PROJECT AND ONE 
R&D PROJECT 

Elk Point Commercial Project 

Due to government tax and price agreements, Amoco 
Canada Petroleum Company, Ltd., recently announced 
it was starting a new oil sands project to be located 
near Elk Point, Alberta. The Alberta government has 
agreed to a reduced royalty rate until the capital 
expenses for the plant have been recovered. The rate 
will reportedly start at 1 percent and increase by 
1 percent every 18 months up to 5 percent where it will 
stay until the project reaches payout. Additionally, the 
Canadian federal government has reportedly agreed to 
three concessions: (1) waiver of the Petroleum and Gas 
Revenue Tax (FORT) until the project recovers all 
capital costs; (2) addition of a 33 percent earned deple-
tion allowance on top of the normal income tax deduc-
tion of 100 percent of capital costs; and (3) use of the 
New Oil Reference Price (NOR?) for all oil produced 
from the project. The NORP is higher than the selling 
price that the oil from Elk Point would receive on the 
open market; hence the government will subsidize the 
price of the oil. 

The three-phase program will recover bitumen from the 
Lower Cummings formation of the Mannville Group at a 
depth of approximately 2,130 feet. Totalproduction of 
approximately 152 million barrels of oil may be ulti-
mately recovered by the project. The oil is 110 to 
140API with a viscosity of approximately 5,000 cp at 
60°F. 

In the first phase, Amoco will drill 60 wells and build a 
steam generation plant and an oil cleaning facility. 
This phase, estimated to cost $50 million (Cn), will be 
completed during 1984. In late 1984, Amoco will begin 
testing several thermal recovery methods. Approxi-

TABLE 1 

STATUS OF OIL SANDS/HEAVY OIL PROJECTS 
THAT APPLIED TO THE SEC FOR ASSISTANCE 

Project Sponsors Status 

Hop Kern River Ladd Petroleum $100	 million	 set	 aside; 
Corporation letter of intent proposed 

Kentucky Tar Sand Texas Gas Development $543	 million	 set	 aside; 
Corporation letter of intent proposed 

Forest Hill Greenwich Oil Company $60	 million	 set	 aside; 
letter of intent proposed 

Chaparrosa Ranch Chaparrosa Oil Company Decision deferred
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mately 4,000 barrels per day from this first phase will 
be marketed in the United States. 

As the successful methods are applied commercially, 
production is estimated to peak at over 26,000 barrels 
per thy in 1995. The production rate will remain at 
22,000 barrels per day for nine years, then decline until 
2010 and beyond. More than 1,000 wells are expected 
to be drilled at a cost of approximately $1.8 billion 
(Cn). 

Anzac Pilot Project 

Amoco Canada is also involved in a new oil sands pilot 
plant in cooperation with the Alberta Oil Sands Tech-
nology and Research Authority (AOSTRA) and Petro-
Canada Inc. The purpose of this pilot project to be 
located near Anzac, Alberta, is to evaluate the com-
mercial feasibility of bitumen recovery from deeply 
buried deposits. Steam flooding (with additives) of the 
McMurray oil sands zones will be tested in the pilot 
which began in Spring 1984. The first phase is sche-
duled to last four years at a cost of $22 million (Cn). 
AOSTRA has a 75 percent interest in the project, while 
Amoco and Petro-Canada are each 12.5 percent parti-
cipants. Other companies are invited to join the 
project. 

COMMERCIAL OIL SANDS PROJECTS IN 
CANADA SPEEDED UP 

The last year has seen an appreciable acceleration in 
plans for commercial developments in Canadian OR 
sands and heavy oil deposits. Major developments are 
suuñmarized as follows: 

Wolf Lake 

BP Resources Canada and Petro-Canada began con-
struction in 1983 on a commercial in situ project at 
Wolf Lake, north of Bonnyville. Progress to date on the 
$190 million project is said to be under budget and 
ahead of schedule. The mid-1985 commissioning of the 
200 well, 7,000 barrels per thy facility may be moved 
up. 

Cold Lake 

Ease Resources Canada began construction last year on 
the first two phases of its Cold Lake in situ project, 
designed to produce 19,000 barrels per thy from 
220 wells. The project was orginally scheduled for 
completion in 1986 at a cost of $300 million. Ewe now 
says it will be completed in 1985 at a cost of only 
$250 million. As a result, Ease says that succeeding 
phases, originally planned for after 1990, are now likely 
to be advanced two years. Ultimate production capac-
ity is seen as 57,000 barrels per thy.

Peace River 

Shell Canada has announced plans to expand its Pence 
River in situ pilot operations to a commercial scale of 
10,000 barrels by 1986. If successful, further expansion 
to 40,000 barrels per day would be possible by 1990. 
The first phase expansion would involve 200 wells at a 
cost of $200 million. 

Elk Point 

Amoco Canada is undertaking a $50 million first phase 
of commercial development at Elk Point. If the 60 well 
development program is successful, the total scope of 
the project could eventually reach 1,000 wells at a cost 
of $1.8 billion and produce over 25,000 barrels per day. 

Primrose Lake 

Dome Petroleum revealed that it is considering a 
25,000 barrel per day commercial project in the Prim-
rose Lake area, It has operated a pilot in a region 
known as the Moore Area. 

Syncrude Expansion 

Syncrude Canada is well along on its $1.2 billion 5 year 
upgrading and debottleneeking program which will in-
crease output by more than 20,000 barrels per day. The 
program includes, among others, a system to recover 
additional bitumen from the tailings, a new computer-
ized control system, an improved naphtha recovery 
unit, and a sulfur recovery plant. As a result of 
favorable cost experience to date with the first phases 
of the program, Syncrude is actively considering further 
expansion options. These could possible amount to 
another 50,000 barrels per thy of production capacity. 

Petro-Canada 

Petro-Canada has announced interest in a new oil sands 
mining project in the Fort McMurray area, which would 
probably be at a scale of 50,000 to 70,000 barrels per 
day. Before proceeding, however, the company says 
that it would have to negotiate government price 
guarantees for the project. This project could be a 
continuation of the CANSTAR project. 

Heavy Oil Upgrader 

Increasing output of bitumen and heavy oil from in situ 
projects creates an incentive for upgrading capacity in 
western Canada. Most of the expanded bitumen pro-
duction is currently scheduled to be exported to the 
United States as asphalt. Two major proposals for a 
central upgrading facility are under consideration. 
Husky Oil is negotiating with the government for relief 
from the petroleum and gas revenue tax. Loan guaran-
tees have already been negotiated for the $3.5 billion 
project, which would be located near the Alberta-
Saskatchewan border. 
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A competing, but smaller, project is being sponsored by 
Consumer's Cooperative Refineries Limited, to be 
linked to its Regina, Saskatchewan refinery. 

SUNCOR AND SYNCRUDE 1983 PRODUCTION 
FIGURES RELEASED 

The Alberta Energy Resources Conservation Board 
(ERCB) summarizes the overall production figures of 
the Suncor and Syncrude plants in a publication entitled 
"Alberta Oil Sands Plant Statistics-Monthly Supple-
ment" (ERCO 39). This publication was recently issued 
or December 1983, which also includes cumulative 

production for the entire year. Tables 1 and 2 sum-
marize the ERCB data for 1983 for Suncor and Syn-
crude, respectively. 

The Suncor plant processed approximately 36 million 
tonnes of oil sands in 1983 with a grade of 11.98 per-
cent (mass percent bitumen in oil sands). Delivered

production of synthetic crude, after accounting for 
inventory changes and use as fuel, was approximately 
2.3 million cubic meters (14.3 million barrels) for 1983. 
Approximately 48,000 cubic meters (301,000 barrels) of 
heavy fuel oil and 874,000 tonnes of coke were pro-
duced and subsequently used as fuel, and approximately 
88,000 tonnes of sulfur were sold. External energy used 
by Suncor included approximately 329 million cubic 
meters (11.6 billion cubic feet) of natural gas and 
401 gigawatt-hours of electricity, of which 296 giga-
watt-hours was generated. 

In 1983 the Syncrude plant processed approximately 
86 million tonnes of oil sand with a grade of 10.73 per-
cent. Delivered production of synthetic crude, not 
including diluent naphtha, was approximately 6.3 mil-
lion cubic meters (39.8 million barrels). Approximately 
772,000 tonnes of coke and 247,000 tonnes of sulfur 
were produced during the year. External energy used 
by Syncrude in 1983 included approximately 724 million 
cubic meters (25.6 billion cubic feet) of natural gas and 
945 gigawatt-hours of electricity, of which 888 giga-
watt-hours was generated. 

TABLE I

1603 PLANT STATISTICS FOR SUMCOK 

Oil Sena	 External 2nerv	 Products	 Intermediates 

	

Lice-	 Synthetic Heavy 
Ton,.,	 Grade	 Oa,	 trio	 Crude 

Oil
	 Fuel Oil	 Cdte	 Sulfur	 Bitumen	 Distillate 

tmota.nd	 lOWS)	 (Cttie Mete,,)	 iCslc	 (To,mc,0	 (Toema)	 tCduie	 (Cduie 
Oaio Meter,)	 Meter,)	 Meters)	 Meters) 

Preajetlo,	 35,659,641	 11.98 
P,rol(,.ed	 321. 511.5	 105.0 
Generated	 .	 216.1  

Total	 35,859,641	 11.11	 321,519.5	 401.1 

Open Inventory	 U.130.2	 3231.7	 1,251,900 	 562.367	 17,627.6	 25,316.7 Production	 2,320.605.2	 47,061.3	 673.756	 94,751 •	 3,757.125.0	 2,613,136.1 CIa'. Inventory	 __________	 -	 _________	 -	 66,340.5	 1,659.5	 1,410,215	 !0s96	 24,917.9	 20,719.9 
Total	 2,313,794.1	 49,461.5	 635,131	 136,170	 3.739.624.?	 2,887,686.4 

Plant Use	 202,931.9	 401.1 
Further Procet'g	 124,112.3	 .	 .	 .	 .	 -	 3,739,935,0	 2.382.371.3 Fuel	 43,736.1	 49,460.6	 694,869	 .	 - 
Flared/Wet.	 1,475.3	 -	 -	 .	 .	 34,353	 1,337.8 
Meter OlErerenilel	 .	 •	 2,841.3	 (0.1)	 (58,733)	 14.062	 (0.3)	 073.6 Deliveries 	 -	 ________	 -	 2.267.213.5	 -	 -	 503,003.7 

Total	 321,519.5	 401.1	 2,313.794.8	 49,461.5	 635.136	 136,170	 3.739.934.7	 2,667,696.4 

tu) 5o1(iis productlt,, include flared/cute 	 ('ABLE 3Ib) Distillate proojetloe, dun not Include 5eavy fuel ott

1663 PLANE flAlDrtO FOR SYNCRUDE 

Oil Sans	 External Eney	 Product.	 Intermediates 

	

Uto-	 Synthetic	 Diluent 
Tonne,	 Gr.de	 Use	 trio	 CrsdeOu	 N.pAtM	 Cede	 Sulfur	 Bitumen	 Distillate 

rr,soumana	 (OWN 6Clo Mete,)	 ICduto	 (Themes)	 (Torn)	 (Ciale	 (Cduic 
(tate Meters)	 Mate,)	 Meters)	 Meters) 

Produetice,	 87,409.272	 10.76 
Purchased	 724,451.0	 58.7 
Generated	 ,	 -	 666.2 

total	 86.240,585	 *0.73	 724,451.0	 944.9 

Open Inventory	 24,929.0	 52,127.0	 2.390,427	 60.942	 386, Fee .0	 065,072.1 
Production	 6,319,372.0'	 169,353.0	 770.835	 246.983	 7.680,994.0	 5,999,189.1 
Clucelnventory	 _________	 -	 -	 20.410.0	 56.9*6.0	 3,165,362	 98,980	 486,300.0	 47.015.0 

Total	 8,323,690.0	 062,494.0	 246,935	 7,880,799.0	 6,117,246.0 

Plant Use	 345,343.0	 944.9 
rustler Proce,o,,	 379,108.0	 .	 .	 71,260.0	 .	 -	 7,506.966.0	 6.374.848.0 
Flared/Waste	 .	 -	 -	 111,234.0	 -	 19. 595.0	 5,640.0 
*I,Ier Differential	 -	 .	 (2.0)	 -	 .	 (2.774.0)	 4443.0 
Del, yer,es 	 - 	 -	 6,535,811.0	 -	 . 246 , 935 	 059,539.0 

Total	 724,458.0	 644.9	 6,325,880.0	 082,404.0	 -	 246.935	 7.524,767.0	 6,544,518.0 

Synthetic crude ott produettoet 'toes not include diluent napittla peoóttioet

3-3	 SYNTHETIC FUELS REPORT, JUNE 1984



CORPORATIONS 

flCB ANNUAL REVIEW HIGHLIGHTS ALBERTA 
ACTIVITIES 

The Alberta Energy Resources Conservation Board 
Annual Review for 1983 highlights some of the accomp-
lishments of the Alberta fossil fuels industries. Most of 
the summary data cover only through 1982. 

Oil Sands Experimental Activity 

Interest and activity in oil sands and heavy oil thermal 
experimental oil recovery projects increased steadily 
during the 10 year period from 1973 to 1982 (Figure 1). 
The Athabasca and Cold Lake oil sands deposits have 
been the main areas of interest, but considerable acti-
vity also occurred in the heavy oil areas—especially 
during the last three years at Lloydminster, Morgan, 
and Lindbergh.

level of recovery has not yet been achieved at either 
plant on a regular basis because of operating problems. 

Crude OR (and Equivalent) from OR Sands 

Oil sands synthetic crude oil production was 
120,000 barrels per day in 1982. This rate of production 
is expected to increase to 240,000 barrels per day in 
1990 and to more than 630,000 barrels per day in 2000. 

Enhanced Recovery of Oil 

To year-end 1982, 42.3 billion stock tank barrels of 
crude oil in place had been found in Alberta. Of the 
total, 29 percent is recoverable: approximately 20 per-
cent by natural depletion mechanisms and 9 percent 
through enhanced recovery operations. 

Average recoveries of 32 percent of light-and-medium 
crude oil reserves, and 10 percent for heavy-density 
conventional crude oils, are being achieved through 
natural and enhanced-recovery methods. Of course, the 
application of more complex recovery methods may 
yield additional oil. However, these methods are much 
more costly and are feasible only in good reservoirs 
when economic conditions are favorable. 

in 1982 the Alberta Department of Energy and Natural 
Resources introduced changes to its regulations to 
encourage the use of sophisticated enhanced-recovery 
programs. This action has increased the interest in 
such projects despite the poor outlook for world crude 
oil prices. 

Cod 

Total annual production of crude bitumen and heavy oil 
from these experimental projects increased from 
450,000 barrels in 1973 to 8 million barrels in 1982. 
The number of experimental wells increased from 300 
to 1,300 during the same period. 

Environmental 

Sulfur emissions from oil sands plants increased from 
52,100 long tons in 1973 to 82,700 long tons in 1980. 
This reflected, in large part, the 1978 start-up of 
Syncrude and the 1981 expansions at Suncor. 

Overall sulfur recovery at oil sands plants has increased 
from 58 percent in 1973 to 63 percent in 1982. Eight 
percent of the total sulfur contained in the processed 
bitumen leaves the plants in the coke by-product and 
3 percent in the synthetic crude oil. The remaining 
26 percent is emitted to the atmosphere as sulfur 
dioxide. The sulfur recovered at the sulfur recovery 
sections of oil sands plants has increased from 94 to 
96 percent of the sulfur content of the inlet stream. 
The overall sulfur recovery design efficiency at both 
Alberta oil sands plants is 12 percent. However, this

Coal exploratory drilling activity in all three provincial 
coal regions declined in 1982 to 1,180 holes. This was 
less than one-half the level achieved in 1981. The 1982 
level was among the lowest in the past decade, reflect-
ing the depressed outlook for new coal markets. How-
ever, some experimental and development activity con-
tinued on new mines. 

The initial established reserves of raw coal increased in 
1982 by 1.1 gigatonnes to 17.1 gigatonnes (3.6 and 
13.5 gigatonnes of bituminous and sub-bituminous coal, 
respectively). Production totalled 23.0 megatonnes, re-
sulting in remaining established reserves of 16.6 giga-
tonnes at year-end, an increase of 1.0 gigatonne over 
1981. 

The ultimate potential of Alberta's raw coal is 
820 gigatonnes, of which 2 percent was established by 
year-end 1982. The ERCB expects the annual produc-
tion of bituminous and sub-bituminous coal to increase 
to 35 and 34 megatonnes, respectively, by 2000. 
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LADD PETROLEUM BECOMES LEAD 
SPONSOR OF HOP KERN RIVER 

In early 1984 Ladd Petroleum Corporation acquired 
controlling interest in Heavy Oil Process (HOP), Inc., 
and in so doing became the lead sponsor of the HOP 
Kern River Commercial Development project. HOP, 
Inc. is now a wholly owned subsidiary of Ladd. Pre-
viously the project was sponsored by HOP Kern River 
Development Associates, Ltd., a consortium consisting 
of Heavy Oil Process, Inc., Holly Corporation, Encore 
Petroleum, Lyco, Ladd Petroleum, and Robert Glaze. 
Under the second general solicitation the sponsors appl-
ied to the United States Synthetic Fuels Corporation 
(SFC) for price and loan guarantees. On April 5, 1984 
the SFC notified the United States Department of the 
Treasury to set aside $100 million for the project. 

The project will use the proprietary Heavy Oil Process 
(HOP) to produce 3,600 barrels per thy of 14 0API heavy 
crude. Project construction is tentatively planned to 
start in 1984 with initial production beginning in late 
1985. Six production units are scheduled to be built 
from 1984 to 1987. 

OIL SANDS DEMONSTRATION CENTER PROPOSED 

The Alberta Oil Sands Technology and Research Au-
thority (AOSTRA); the Canadian Department of Energy, 
Mines and Resources; and four companies are partici-
pating in a project to construct an Oil Sands Demon-
stration Centre (SIC) in the Fort McMurray area of 
Alberta, Canada. This Centre is intended to provide 
facilities and services to assist developers of mineable 
oil sands technology in conducting large scale testing of 
new processes. Initially, the facilities at the Centre 
will be structured to accommodate testing of new oil 
sands bitumen extraction processes. 

AOSTRA is attempting to identify companies that may 
be interested in utilizing the facilities offered by the 
Centre. Ideally, processes to be tested atthe Centre 
will be under active development and will have been 
successfully tested at "pilot plant" feed rates in excess 
of 1 tonne per hour. Users will be required to provide 
capital and operating costs specific to their process and 
to pay a share of the operating costs of the Centre 
commensurate with their use of the services available 
to them. 

Process developers who are interested in utilizing the 
Oil Sands Demonstration Centre for testing extraction 
processes are requested to reply in writing to AOSTRA. 
Replies should outline the nature of the process, the 
status of its development, future development plans, 
and the proposed financing method for the demonstra-
tion (self-financed, joint venture, etc.).

Replies and inquiries should be directed to: 

Mr. L. IL Turner 
Director of Mining, Extraction and Upgrading 
Alberta Oil Sands Technology and Research Authority 
500, Highfield Place 
10010 - 106 Street 
Edmonton, Alberta T5J 3L8, Canada 
403/427-7623 
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GOVERNMENT 

SFC PROPOSES TERMS OF ASSISTANCE 
TO THREE OIL SANDS PROJECTS

The HOP Kern River Commercial Development project 
On April 5, 1984 the United States Synthetic Fuels	 may tentatively receive up to $100 million in loan and 
Corporation (SFC) directed the United States Depart- 	 price guarantees. Similarly, the proposed term for the 
ment of the Treasury to set aside funds for three oil 	 Forest Hill heavy oil project provide up to $60 million 
sand/heavy oil projects. These three projects have not 	 in loan and price guarantees. A maximum of $543 mil-
yet received letters of intent or awards from the SFC. 	 lion in price guarantees only is proposed for the Ken-
However, principal terms of the proposed letters of 	 tucky Tar Sands project. 
intent are summarized in Table 1.

TABLE I

TERNS AND CONDITIONS OF PROPOSED LETTERS OF INTENT 

HOP Kern River 
Commercial Development 	 Forest Hill	 Kentucky Tar Sands 

SFC Assistance
	

$100 million in loan and price guaran- 	 $60 million In loan and price guarantees $Maximum of $543 million In price guarml-
tees -	 -	 -	 -	 - -	 tees	 --

Amount of Loan Guarantee
	

$71.2 million (including an interest 	 $22.57 million (including an interest 	 (none) 
allowance of $6.0 million)	 allowance of $1.67 million) 

Amount of Price Guarantee
	

Initial price guarantee of $26.8 million	 Initial price guarantee of $37.43 million Maximum of $543 million 
to increase as the loam is repaid up	 to Increase as the loan is repaid up 
to a maximum of $100 million	 to a maximum of $60 million 

Guarantee Price $28.50 per barrel adjusted for infla-
tion and market price

$40.00 per barrel for the first 500,000 
barrels of eligible product and $37.50 
Per barrel thereafter

$55.00 per barrel roe the first 3.3 million 
barrels and $40.00 per barrel thereafter 

Duration of Price Guarantee The earlier of 10 years or the maximum The earlier of 10 years or the maximum The earlier of ID years or the maximum 
aggregate payment of price guarantees aggregate payment of price guarantees aggregate payment of price guarantees 

Taxpayer Recovery	 After the cumulative alter tax cash 
now of the sponsor reaches $25 
Million, the SFC shall be entitled to 
25% of any distributions to the spon-
sore. After the cumulative cash flow 
reaches $40 million, the SFC profit 
sharing increases to 70% of any dis-
tributiorm to the sponsor

For a period of 16 years alter the 
cutoff date, the project shall make 
payments either as a pro rata prepay-
ment of guaranteed debt and of the 
bank loan or, after such debt is paid, 
as profit sharing in an amount as 
follows: 

If cumulative dividends after 
December 31, 1983 are less than 
$25 million, the project shall have 
no obligation to make payments 
If cumulative dividends are greater 
than $25 million but less than 
$37.5 Million, the project shall 
make payments in 

an amount equal 
to 25% of any dividend payment 
If cumulative dividends are greater 
than $37.5 million, the project 
shall make payments in an amount 
equal to 50% of any dividend pay-
ment

For a period of 25 years alter initial 
production, the project shall make quart-
arty payments in an amount as follows: 

If the cumulative after tax cesh flow 
(CATCE) Is ions than $150 million, the 
project shall have no obligation to 
make payments 
If CATCF is greater than $150 million 
but less than $205 million, the project 
shall make payments in an amount 
equal to 25% of the incremental in-
oreaseofCATCF since the last such 
Payment 
If CATCF Is greater than $205 million 
the project shall make payments in an 
amount equal to 70% of the incre-
mental increase of CATCF since the 
last such payment. 

Aggregate profit sharing payments shall 
net exceed the greater of (i) 5271.1 
million or (ii) the aggregate amount of 
price guarantee payments received by the 
sponsor 

ACTIVITIES CONTINUE UNDER U.S./CANADA 
COOPERATIVE AGREEMENT 

Canada and the United States signed a Memorandum of 
Understanding for Cooperation in R and D on Oil Sands 
and Heavy Oil in 1979. The United States participates 
through the Department of Energy. Canadian parti-
cipants include the Federal Department of Energy, 
Mines and Resources (CANMET), the Saskatachewan 
Department of Energy and Mines and the Alberta Oil 
Sands Technology and Research Authority. 

A meeting of the executive committee to the MOU was

held in Ottawa on January 26 and 27. The status of 
activities underway was reviewed and discussed: 

Resource Characterization and Analysis—A re-
port on initial work undertaken by the Laramie 
Center of US/DOE and the Alberta Research 
Council was presented, and additional work was 
approved to complete the study for publication. 
A work-statement for a Phase U investigation 
of the degradation of heavy oils during tertiary 
recovery processes was accepted. 
Steam	 Injection	 Enhanced	 by	 Ad-
ditives—Screening experiments are being con-
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ducted in the United States and the most at- 
tractive processes will then be tested in 
Canada. Canada and the United States have 
each allocated $600,000 to this effort. 

• Technical Information Exchange—This includes 
mutual participation in respective host country 
seminars and symposia; mutual attendance at 
in-house technical meetings reviewing field 
projects; and seeping studies. 

• The Remote Sensing of Underground Heat and 
Fluid Movements—This is being considered as a 
proposed area for cooperation in developing 
geophysical techniques to monitor underground 
processes for bitumen/heavy oil recovery. It is 
desirable to be able to map the volumetric 
sweep efficiency of steam or fireflood fronts. 

DOD COMPLETES FIRST PHASE 
OF TURBINE FUELS STUDY 

As summarized on page 3-16 of the September 1983 
Pace Synthetic Fuels Report, the United States Depart- 
ment of Defense (DOD) is conducting a program to 
study the production of aviation fuels from oil sands 
and heavy oil. Phase I of this three-phase program was 
recently completed. In this first phase Ashland Petro-
leum Company and Sun Tech, Inc. each evaluated 
upgrading schemes to produce JP-4 and JP-8 aviation 
fuels. Both contractors evaluated the technical feasibi-
lities of their respective processes and prepared preli-
minary cost estimates of the processes. A report 
summarizing the results of the studies has been drafted, 
but not yet approved for release. 

Phase II of the program, consisting of laboratory tests 
to produce samples of JP-4 and JP-8, has begun. 
Phase III of the program will consist of pilot plant tests 
of the selected process to produce 5 to 10 barrels of 
avaiation turbine fuels. This final phase of the program 
will be designed to optimize the process and to develop 
a reasonably accurate cost estimate for the upgrading 
scheme. 

BLM TO PREPARE EIS FOR PR SPRING AND 
LULL CREEK SPECIAL TAR SAND AREAS 

The Bureau of Land Management is preparing an envir-
onmental impact statement (Em) to analyze the impact 
of converting existing oil and gas leases to combined 
hydrocarbon leases in the PR Spring and Hill Creek 
Special Tar Sand Areas (STSAs) in northeastern Utah. 
The document will be referred to as the PR Spring 
Combined Hydrocarbon Lease Conversion EIS. 

The EIS process began when BLM received 11 applica-
tions from 10 applicants to convert 24 existing oil and 
gas leases to combined hydrocarbon leases in the PR 
Spring and the Hill Creek STSAs. Federal regulations 
require that ELM analyze the environmental impacts of

lease development before approving the conversion ap-
plications. 

BLM is preparng one EIS for the 11 conversion applies- 
tions. All affected oil and gas leases are for sites 
within the PR Spring and the Hill Creek Special Tar 
Sand Areas (Figure 1). 

Because of the conceptual nature of the proposed 
actions, environmental information for decisions to be 
made at later stages in project development will be 
provided in future documents tiered to the PR Spring 
Em. 

FIGURE 1 

P R SPRING AND HILL CREEK 
SPECIAL TAR SANDS 
AREA LOCATION MAP 
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Ten applicants for combined hydrocarbon leases have 
proposed converting existing oil and gas leases within 
the PR Spring and the Hill Creek STSAs: Beartooth Oil 
and Gas Company; F. J. Bradshaw Estate; Walter 
Duncan, et a!; Enercor/Solv-Ex; Enserch Exploration, 
Inc.; Bill D. Farleigh; W. C. Kirkwood Oil and Gas; 
Mobil Oil Corporation; Texaco Inc.; and J. C. 
Thompson. Summary data for the proposed projects are 
included in Table 1.

TABLE 1

SUMMARY OF PROPOSED LEASE CONVERSIONS 

Oil & Gas 
Leases Estimated 
to be Bitumen	 Recovery 

Proponent	 Converted Production	 Method 
(AcresY (Barrels/Day) 

Beartooth Oil and Gas Company 
"A" 1,181.19 150 In Situ 
"8" 1,120.37 150 In Situ 

F. J. Bradshaw Estate 320.00 150 In Situ 
Walter Duncan, at al 1,600.00 150 In Situ 
Enercor/Solv-Ex 26,663.56 4,000 Surface Mine 

& Processing 
Plant 

Enserch Exploration, Inc. 1,090.00 150 In Situ 
Bill D. Farleigh 640.00 150 In Situ 
W. C. Kirkwood Oil & Gas 3,907.51 16,000 In Situ 
Mobil Oil Corporation 1,837.10 Surface Mine 

& Processing 
Plant 

40,000 
Texaco Inc.* 1,180.50 Surface Mine 

& Processing 
Plant 

J. C. Thompson 74.48 150

These companies have joned together in a joint venture, thus the one plant 

3-8	 SYNTHETIC FUELS REPORT, JUNE 1984 



ENERGY POLICY & FORECASTS 

ALBERTA ERCB PREPARES NEW LONG-
TERM OIL SUPPLY FORECAST 

The Energy Resources Conservation Board (ERCB) of 
Alberta revised its long-term oil supply forecast as of 
December 1983. A summary chart (Figure 1) was 
carried in the Pace Synthetic Fuels Report for 
March 1984. Additional details from the report, ERCB 
83-E, are given in this article. 

FIGURE I 

TOTAL PRODUCTIVE CAPACITY OF ALSERTAS 
CRUDE OIL AND EQUIVALENT 

ALL AoflC.A	 S3-2o7

In the ERCB's view, the oil industry in Alberta is in a 
period of transition. It is emerging from an economic 
recession under a set of policies on pricing and taxation 
which are distinctly different from the pre-1980 period. 
It is expected that the present world oil price structure 
will prevail for the near term, and modest real in-
creases in prices may occur in the last half of the 
decade. 

Nationally, oil prices are dictated by the Alberta/ 
Ottawa pricing agreementsuntil 1986. Under the 
tiered pricing structure, oil discovered prior to April 
1974 is sold for less than the commodity value while oil 
discovered after 1974 generally receives the full world 
market price. 

Over the past few years, the pricing and tax regimes 
imposed on the industry combined with the significant 
downturn in gas markets have adversely affected cash 
flows. Reduced cash flows have forced industry to be 
more selective in choosing projects. Nonetheless, the 
Boards studies show that after-tax returns on typical 
new oil discoveries in Alberta continue to be attractive. 

Tertiary oil recovery projects eligible for new oil 
reference price and royalty relief are receiving in-
creased attention. A sharp upturn in light oil tertiary 
recovery applications confirms that projects will be 
implemented at a more rapid rate than foreseen in the 
Boards 1981 forecast. Significant deliveries of oil from

these projects should result by the second half of the 
decade. The current downturn in petrochemical activ-
ity in Alberta is allowing reallocation of large, rela-
tively low-cost natural gas light ends (ethane, propane, 
etc.), to temporary use for EOR miscible flooding. 
Also, lower gas prices allow its use in tertiary projects. 

In conventional heavy crude oil development, growth 
prospects remain mixed. The heavy oil producer is 
faced not only with the problem of improving the 
technology and economics of recovering the oil, but 
coping with unpredictable markets owing to seasonal 
fluctuations in Canada, the vagaries of United States 
demand, and export/import policies between the two 
countries. Even if heavy oil upgrading capacity is 
Installed in this decade, the Board believes that only a 
modest growth in conventional heavy oil supplies will 
materialize. 

Production of pentanes plus is directly related to de-
mand for natural gas. The Board expects that natural 
gas activity in the next 4 years will be directed largely 
toward maintaining deliverability for existing gas con-
tracts. In the longer term, new gas exports to the 
United States should materialize. Not until the late 
1980s will there be any significant increase in drilling 
for new natural gas reserves. 

Interest in Alberta's more deeply buried oil sands is 
directed primarily toward phased development of in situ 
production. Over the near term, production from these 
in situ projects is expected to be marketed as a 
condensate-blended heavy crude oil destined mainly for 
northern tier United States refineries. As overall 
bitumen production expands, upgrading to a syncrude 
should become viable around 1990. 

In summary, the Board believes that present conditions 
will result in a moderate but sustained level of activity 
in the exploration for and development of petroleum 
resources. In the short term, that activity will include 
new light oil discoveries, inf ill drilling in some known 
pools, implementation of tertiary light oil recovery 
projects, and phased development of in situ bitumen 
production. 

Alberta Ultimate Oil Potential 

The Board reviewed possible geological prospects as 
they have changed since its last major review. In 
general, the Boards view of the ut.limate potential 
remains unchanged from its previous forecasts. The 
results are summarized in Table 1. 

The Board was unable to identify any new geological 
zones or enhanced recovery technology that would 
cause it to change its view of the conventional oil 
potential for Alberta. The current estimate is 
2,402 million cubic meters (light-medium) and 211 mil-
lion cubic meters (heavy oil) as shown in columns 1 and 
2 of Table 1. For the light-medium category, column 1, 
about 1,852 million cubic meters or about three-
quarters of the ultimate potential has already been 

-

3-9	 SYNTHETIC FUELS REPORT, JUNE 1984 



Light-
Medium 

Initial Established 1,852 
Cumulative Production 1,240 
Remaining Established 612 
Discoveries/Additions 250 
Tertiary 300 
Future Potential - 
Ultimate Potential 2,402 
Total Remaining 1,162 

Potential

TABLE 1 

ALBERTA ULTIMATE POTENTIAL CRUDE OIL AND EQUIVALENT 
(Million Cubic Meters) 

Bitumen 
Synthetic 

Heavy Pentanes Mining In Situ Total 

101 255 3,950 - 6,158 
63 136 53 - 1,492 
38 119 3,897 - 4,666 
35 65 - - 350 
75 - - - 375 
- - 3,050 27,000 30,050 

211 320 7,000 27,000 36,933 
148 184 5,947 27,000 35,441

discovered and classified as initial established reserves. 
About 1,240 million cubic meters has already been 
produced leaving only 612 million cubic meters remain-
ing established reserves. Future potential will be 
divided nearly equally between new discoveries/addi-
tions (250 million cubic meters) and tertiary recovery 
programs (300 million cubic meters). 

Referring to column 2 of Table 1, the Board notes that, 
of the heavy oil ultimate potential of 211 million cubic 
meters, about 101 million cubic meters is already es- 
tablished and 63 million cubic meters has been pro-
duced. Although tertiary methods have not yet proved 
to be economical across a wide spectrum of pools, the 
Board is convinced that these will eventually yield a 
tertiary potential of about 75 million cubic meters. 

The ultimate potential of pentanes plus is closely 
related to the ultimate potential for natural gas. In 
column 3 of Table 1 the Boards review shows that the 
ultimate potential of pentanes plus will be about 
320 million cubic meters, about 80 percent of which has 
been established to date. The rate of future additions 
will follow the gradually declining trend of new natural 
gas discoveries. 

The Boards estimate of ultimate crude bitumen in 
place in the Cretaceous sands remains unchanged at 
about 200 billion cubic meters. This consists of about 
25 billion cubic meters in deposits amenable to surface 
mining, and about 175 billion cubic meters in deeper 
deposits that require either in situ extraction or under-
ground mining techniques. 

Within the surface-mineable areas, after allowing for 
environmental protection, utility corridors, project site 
facilities, and for mine and extraction plant recovery 
efficiency, the Board estimates an ultimate potential 
recoverable reserve of 8 billion cubic meters crude 
bitumen. 

Crude bitumen from both surface mining and in situ 
recovery is estimated to be about 40 billion cubic 
meters-8 billion cubic meters from mining and 32 bil-
lion cubic meters from in situ.

Recent studies suggest that the deeper oil sands are of 
lower, more variable quality than was assumed in the 
past. This evidence, and a sensitivity analysis using 
forecast economic factors, suggest that the ultimate 
potential of crude bitumen from the deep Cretaceous 
sediments will be about 32 billion cubic meters. Rapid 
expansion of commercial in situ production sources will 
require revenue sharing arrangements to accommodate 
risks and allow a reasonable economic return. 

The yield of synthetic crude oil (defined as butanes and 
heavier liquid product) from crude bitumen will vary 
with the upgrading technology used and will depend on 
the extent to which other non-bitumen energy sources 
are employed. The Board estimates that an average 
yield factor of 0.85 by volume will be achieved. This 
represents an increase of 0.10 from previous estimates. 
This improved yield is predicated on the widespread 
application of hydrogen addition upgrading and higher 
yield carbon rejection technologies than were applied in 
the initial two upgrading plants. On this basis, the 
ultimate potential of bitumen synthetic crude oil is 
estimated at 34 billion cubic meters with 7 million 
cubic meters and 27 billion cubic meters attributable to 
surface-mining and in situ, respectively. External 
energy sources such as coal and natural gas are assumed 
to satisfy part of the energy requirements for fuel and 
upgrading. The sequential relationship from surface 
mineable outline, to gross mineable crude bitumen 
reserves and net yield of bitumen synthetic crude oil 
reserves is shown in Figure 2. 

The combinations for mining and in situ ultimate poten-
tials of synthetic crude oil are shown in column 4 of 
Table 1. The Board notes that the delineation of 
reserves of the oil sands is subject to a greater degree 
of uncertainty than are conventional reserve evalua-
tions. 

Productive Capacity (Supply) 

Conventional—Light/Medium—Gil 

Given the reserves of oil described in Table 1 the Board 
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FIGURE 2 
RESERVE CATEGORIES WITHIN THE SURFACE 

MINEABLE OIL SANDS AREAS IN ALBERTA 
23

TABLE 2 

SUPPLY or LIGHT-MEDIUM AND HEAVY CRUDE OIL
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calculated the rate at which these reserves are ex-
pected to be added to established reserves over a 
25 year forecast period (Table 2). The Board forecasts 
that continuation of favorable economic conditions will 
result in the addition of about 80 percent of the light/ 
medium reserves yet to be discovered over the next 
25 years. 

In the Board's judgment, additions of light/medium oil 
will remain at 17 million cubic meters per year until 
the end of 1984 and will begin to decline progressively 
beyond that time. 

One of the major objectives of recent pricing agree-
ments between governments was to stimulate the de-
velopment of tertiary recovery operations in Alberta. 
Fiscal terms that now provide for new oil reference 
price pricing for incremental oil from tertiary schemes, 
and clarification of the Alberta royalty rebate pro-
grams provide a positive economic atmosphere. Hydro-
carbon miscible flooding technology has become techni-
cally accepted. The royalty rebate and the present 
surplus of low cost gas and gas-liquids, provide an 
attractive front end stimulus for light/medium tertiary 
projects. Therefore, although the total light/medium 
reserves acquisition from tertiary schemes is essential- 
ly unchanged from the previous forecast, the rate of 
reserve acquisition has changed. The results show that

1 2 3 4 5 5 7 8 9 
Light-Medium Conventional Heart 

Sub- Sub-
ER DA TR Total ER DA IR Total Total 

1983 149 - 149 16 - - 16 165 
1984 140 3 1 144 14 1 - 15 159 
1985 125 6 2 133 13 1 14 147 
1986 109 8 5 122 11 2 1 14 136 
1987 96 11 8 115 10 2 1 13 128 

1988 84 13 11 106 8 3 2 13 111 
1989 74 15 13 102 7 3 2 12 114 
1990 66 16 15 97 6 3 3 12 109 
1990 59 08 07 94 6 3 3 12 106 
1992 53 18 18 69 5 3 4 12 101 

0993 48 09 09 66 5 3 4 12 98 
1994 43 09 09 81 4 3 5 12 93 
1995 39 09 29 78 3 3 6 12 90 
1998 35 09 29 74 3 3 6 82 86 
1997 32 09 20 70 3 3 6 02 83 

1998 29 19 20 68 2 3 7 02 89 
2999 27 18 20 65 1 3 7 II 76 
2000 24 08 20 62 1 3 7 II 73 
1601 22 08 20 60 1 3 7 11 71 
2002 21 07 20 68 1 3 7 11 69 

2003 19 17 19 55 1 2 6 11 66 
2004 18 16 19 53 2 8 10 63 
2005 16 16 19 50 • 2 8 10 60 
2006 15 15 18 48 1 8 9 57 
2007 14 15 18 47 a 1 8 9 56

ER a Established Reserves 
DA a Discoveries and Additions 
TR a Tertiary Recovery 

Less than 1,009 cubic neters per day 

the supply of oil from light/medium tertiary schemes 
will increase starting in 1984 and reach a plateau of 
20,000 cubic meters per day by 1995 (column 3, 
Table 2). 

liavy,CrudeOl 

After reviewing the performance of the established 
heavy crude oil reserves over the past few years, a 
number of adjustments were made to reserves, but 
collectively these were not significant. The Board 
assumed that with present economic conditions and no 
market constraints, about 80 percent of the ultimate 
potential from conventional heavy discoveries/additions 
will be booked over the 25 year forecast period. 

Over the past few years reserves additions of heavy 
crude oil have been somewhat lower than had been 
predicted earlier. For its present forecast the Board 
has extended the historic finding rate in the first few 
years and left the long-term projections of heavy 
reserve additions unchanged from its previous report. 

The Board recognized that the availability of upgrading 
facilities in Western Canada may stimulate the rate of 
reserve additions and hence productivity; It was not 
convinced, however, that the effect would be signifi-
cant. Recent heavy crude discoveries/additions have 
been less than previously predicted by the Board. 

Alberta has a large heavy oil resource base which offers 
a wide range of potential for tertiary recovery. The 

3-11	 SYNTHETIC FUELS REPORT, JUNE 1984 



Board continues to be skeptical about whether the 
majority of such schemes will be economically success-
ful. An exception may be the extra-heavy oil develop-
ments in the Lindbergh-Elk Point area. 

In the past few years there has been a considerable 
Increase in experimental tertiary recovery activity In 
the conventional heavy crude oil areas of the province. 
Productive capacity is now about 1,000 cubic meters 
per day. The Board assumes that this level of experi-
mental activity will continue throughout the forecast 
period. 

The Boards forecast of total productive capacity for 
conventional heavy crude oil from tertiary schemes is 
shown in column 7 of Table 2. 

Pentanes Plus 

The Boards current forecast of pentanes plus reflects 
the results from a deliverability model (GEMM) recent-
ly acquired by the Board. 

The board's current forecast of gas production is consi-
derably less optimistic than earlier estimates. Canad-
ian markets for Alberta gas are anticipated to be lower 
than previously forecast. The United States export 
market for Alberta gas is also expected to be soft for 
some time. The Board expects export volumes to 
achieve licensed limits during the last half of the 1980s. 

The Board's studies show that the pentanes plus to gas 
ratio for established reserves will decine quite rapidly 
from about 89 cubic meters per million cubic meters in 
1982 to about 51 cubic meters per million cubic meters 
by about 1993. After 1993, the ratio is expected to 
increase slightly to about 59 cubic meters per million 
cubic meters by the end of the forecastperiod as gas 
production from shallow, dry pools will decrease and 
deferred reserves, many of which have high liquid 
contents, are brought on-stream. 

Pentanes plus production will thus remain fairly con-
stant at about 15,000 cubic meters per thy until the 
mid-1990s and then decline throughout the remainder of 
the forecast period. 

Cni& Bitumen and Synthetic 
Crude Oil 

The outlook for development of Alberta's oil sands 
deposits are affects by many factors. Since the 
cancellation of the Alsands and Cold Lake mega-pro-
jects a renewed round of development appears to be 
emerging, at a less rapid pace, and directed toward a 
greater number of smaller in situ projects. Stabiliza-
tion of crude oil prices and the success of the compan-
ies in negotiating price/tax and royalty conditions with 
governments have brought fresh Interest in exploiting 
the resource. Another critical factor contributing to 
the pace of development is the present opportunity to 
market the produced bitumen without upgrading, there-
by establishing a cash flow position in a shorter period 
of time.

The trend in applications to date is a phased approach, 
whereby production is established in increments of 
1,500 to 2,000 cubic meters per day. Upgrading will 
follow when aggregate supplies warrant, or diluent 
limitations require the Installation of upgraders. The 
Board believes that regional upgraders to process the 
production of a number of producers are more likely to 
emerge than the large dedicated plants originally pro-
posed. 

The Board is convinced that established fiscal terms 
and market conditions make Investment in the oil sands 
quite attractive. It also believes that Canada will have 
to rely on increasing volumes of synthetic oil from 
Alberta's oil sands as conventional supplies from the 
established basins decline during the 1980s and 1990s. 

In summary the Board believes that the climate for oil 
sands development has Improved markedly in recent 
months and that a phased approach will apply to almost 
all such developments In the future. In developing its 
forecast the Board assumed that crude bitumen from in 
situ projects would be marketed as heavy oil until 
production levels reach 10,000 cubic meters per thy in 
an area, at which point regional upgraders would be 
warranted. Mining type projects are also foreseen 
during the 1990s and will have associated upgraders 
from the outset. 

The Board anticipates crude bitumen production will 
row steadily during the 1980s reaching about 
20,000 cubic meters per thy by 1990. As upgrading 
facilities are added, new bitumen production will 
emerge from existing and other projects. The Board's 
analysis suggests that available markets in the United 
States and prospective developments will support pro-
duction of crude bitumen as shown in column 1 of 
Table 3. The variations in supply during the forecast 
period are entirely a function of the Boards assumption 
as to when upgrading facilities are likely to be neces-
sary and economic. 

In preparing its forecast of synthetic crude oil produc-
tion the Board has assumed that other than the expan- 
sion of the existing Syncrude plant by 1990, all the 
synthetic crude 

oil 
will come from new regional up, 

graders. The results are shown in column 2 of Table 3. 
While the Board accepts that the estimated rate of 
development in the oil sands must be subjective, the 
forecast is based on a belief that continued encour-
agement by governments and an available market 
should allow it to materialize. 

Total Productive Capacity 

Despite significant new discoveries and active imple-
mentation of tertiary recovery operations, Alberta's 
supply of oil from conventional sources will decline by 
more than 35 percent within the next 10 years and will 
be reduced to 35 percent of the present supply by 2007. 
Figure 1 shows the total productive capacity for oil, 
including the expected contribution of oil sands depo-
Aits. The numbers show that the declining supply of oil 
can only be reversed through an active development 
program in the oil sands area. 
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TABLE 3 

FORECAST OF CRUDE BITUMEN AND
SYNTHETIC CRUDE OIL PRODUCTION

IN ALBERTA - 1983-2007
(Thousand Cubic Meters Per Day) 

Crude Synthetic 
Bitumen Crude Oil 

Production Production 

1983 3.0 25.0 
1984 5.2 25.0 
1985 8.0 26.0 
1986 13.0 27.0 
1987 16.0 28.0 
1988 21.0 29.0 
1989 22.0 29.0 
1990 7.0 43.0 
1991 12.0 49.0 
1992 19.0 52.0 
1993 11.0 60.0 
1994 16.0 63.0 
1995 21.0 69.0 
1996 27.0 71.0 
1997 29.0 73.0 
1998 33.0 73.0 
1999 33.0 73.0 
2000 20.0 96.0 
2001 22.0 102.0 
2002 23.0 105.0 
2003 26.0 108.0 
2004 28.0 108.0 
2005 19.0 125.0 
2006 10.0 135.0 
2007 12.0 139.0

The Board has found that over the past 5 years the 
effective deliverability has been about 2 to 3 percent 
less than the productive capacity. The Board recom-
mends that this adjustment be applied to the forecasted 
productive capacity to determine the sustainable supply 
on a daily basis. 

NBC DEFINES RESEARCH AND INFORMATION 
NEEDS FOR MANAGEMENT OF TAR SANDS 
DEVELOPMENT 

The National Research Council's (NRC) Committee on 
Onshore Minerals Management Research has issued a 
report defining the research needed to support the 
regulatory and managerial role of the federal agencies 
in the development of tar sands resources. 

The report notes that most of the known federal tar 
sands resource is within the 11 specified Special Tar 
Sands Areas in eastern Utah, which are estimated to 
contain about 25 billion barrels of bitumen. About one-
half of the bitumen occurs in deposits of 9 to 13 per-
cent bitumen, somewhat lower grade than the feed to

commercial Canadian oil sands operations. The re-
mainder is in lean deposits of 8 to 9 percent bitumen. 
Only 10 to 15 percent of the resource appears to be 
surface mineable. The Utah sands are sufficiently 
different from the Canadian deposits that direct trans-
fer of technology is probably not feasible. 

Important short-term research and information needs 
for federal lease management are said to include more 
complete definition and characterization of the tar 
sands deposits, the hydrology, and the regions downwind 
from the tar sands areas. Most critical of the longer-
term needs is for one or more demonstration-scale 
operations to resolve production, waste management, 
and reclamation problems and provide opportunities for 
measurement, analysis, and assessment of mining and 
processing wastes and emissions. 

Resource Definition and Water Supply 

The more important research and information needs 
related to tar sands resource definition and characteri-
zation, and water resources were stated to include: 

• More definitive data on the size and distribu-
tion of the resource, including geological map-
ping, core drilling, and sub-surface sampling. 

• Determine mineralogy including water content, 
rain size, heavy metals, and trace elements. 

• Determine the bitumen characteristics and 
range of variability. 

• Assess the hydrology in the areas of mineable 
deposits. 

• Develop models for assessing the economic 
value of lease tracts. 

Technologies for Oil Recovery 

Although intensive field studies for recovering oil from 
deeply buried bitumen beds by assorted in situ methods 
have been conducted in Canada and in the United 
States, the report addresses only the research and 
information needs for oil production by surface mining 
and processing of tar sands from federal teases. 

Utah tar sands differ from the Canadian tar sands in 
several important ways that affect mining and process-
ing. The Utah deposits are less massive and extensive; 
also, the bitumen often occurs in a consolidated rock. 
The Canadian sands being mined are unconsolidated. In 
some instances, the Utah sands appear to contain 
substantially less clay than the Canadian sands. The 
sand particles in Canadian deposits are "water wet" 
rather than "bitumen wet" as in most of the Utah sands. 
Also, the bitumen in the Canadian sands is of lower 
viscosity and more readily floated than the Utah bitu-
men. 

Bitumen Upgraduig 

Upgrading converts the bitumen concentrate into a 
refineable product by removing excess carbon, by add-
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ing hydrogen, or both. Canadian practice is to remove 
appreciable carbon in the form of coke, and mildly 
hydrotreat the liquids to improve their stability and 
remove nitrogen and sulfur. Considerable natural gas is 
used in manufacturing the needed hydrogen. 

Suncor, Inc., uses conventional delayed coke units in a 
batchwise operation. Resultant lump coke Is used as 
process fuel or stored for sale. 

Syncrude Canada, Ltd., uses fluid coking, a continuous 
operation, conducted in an interlocked fluidized bed 
retort and a fluidized bed burner. Coke, the size of 
fine sand, produced in the retort flows to the burner, 
and in turn the heated coke from the burner flows to 
the retort where it forms a fluidized bed at a tempera-
ture of 500°C. Preheated bitumen Is sprayed into the 
hot coke with production of hydrocarbon vapors and 
more coke. About 40 percent of the coke produced is 
consumed in the burner. The remainder Is withdrawn 
from the burner and stockpiled for future disposition. 
Only two 

*
liquids—naphtha and gas oil—are made at 

Syncrude. The Syncrude oil blend is of slightly lower 
quality than that sent to the refinery by Suncor. 

Research and Information Needs 

The differences between Utah's and Canada's tar sands 
preclude the direct application of Canadian technology 
to mined Utah tar sands. One or more demonstration-
scale operations are needed to reveal and resolve 
operational problems in mining and processing and pro-
vide opportunities for observation, measurement, and 
assessment of mining and processing wastes and emis-
sions. Continued laboratory testing and research and 
development on tar sands is recommended to support 
demonstration-scale operations. Particular attention 
should be directed at reduction in water requirements, 
and improvement in the storage and reclamation char-
acteristics of the spent sands. 

Environmental Impacts 

The more important research and information needs 
concerning environmental impacts from tar sands oper-
ations are best met by focusing on actual disturbances, 
emissions, and wastes from a demonstration-scale tar 
sands mine and processing operation. Continued moni-
toring of the environmental aspects of Canada's oil 
sands operations may aid in developing strategies to 
mitigate adverse consequences in United States opera-
tions. 

Specific examples include: 

• Determine whether mine and process wastes 
can be used in diking and sealing waste im-
poundments. 

• Determine the leachability of metals and 
hydrocarbons from the wastes. 

• Adapt hydrologic and chemical models to 
sludges, wet sands, and coking wastes to assess 
impact on groundwater and surface waters.

• Achieve stability of re-vegetation and wildlife 
by addressing planting procedures, plant spec-
ies, and long-term plant-plant and plant-animal 
Interactions. 
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FIGURE 1 
TYPICAL OILFIELD STEAM GENERATOR 
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The design and optimization of the various elements 
can become complex. However, the overall thermal 
efficiency is usually taken as the ratio of heat ab-
sorbed/heat input, using the Lower Heating Value of the 
fuel. It ranges anywhere from 70 percent to 95 per-
cent, depending upon the design of the generator, its 
condition, and the operating conditions. 

ECONOMICS 

ESSO UPGRADES STEAM GENERATOR 
PERFORMANCE AT LEMING AND 
MAY/ETHEL PILOTS 

S. L. Kerby of Struthers-TIW Ltd., recently discussed 
the opportunities for upgrading the economic perfor-
mance of steam generator units at in situ pilot projects 
in Canada. Oilfield steam units are forced flow, single 
pass, steam generators which may be more closely 
related to fired heaters than conventional boilers. They 
produce 80 percent quality steam, which is generally 
adequate for oilfield injection, where the primary aim 
is the injection of heat, as opposed to near-pure steam 
which would be produced in a conventional boiler. 

The combination of the forced flow, single pass, and 
80 percent quality allows the feedwater treatment to 
be considerably simplified and less costly than would be 
required for conventional high-purity steam boilers. 

A typical schematic representation of the main water/ 
steam and combustion gas flows through the main 
components is shown in Figure 1.

modifier for the level of excess combustion air. Ac-
cording to Kerby, a 100°F difference in stack temper-
ature can increase fuel consumption by about 3 percent. 
Using typical wholesale fuel costs, this can burn up an 
amount approaching 10 percent of the initial cost of a 
steam generator, every year. 

The extra cost in increased fuel consumption is shown 
directly in Figure 2. The result is that in many cases, it 
can be attractive to completely re-design and replace 
the existing economizer in older units. These facts 
were used to justify the replacement of six economizers 
at Esso's Leming Pilot Project in late 1982. The 
Leming Project is currently the largest heavy oil recov-
ery project in existence in Canada. Along with other 
newer and larger units, it contains five steam genera-
tors of 44 million BTU per hour nominal capacity and a 
sixth unit of 50 million BTU per hour rating. 

New economizers were designed to fit onto the existing 
radiant section discharge tunnels, to re-use the existing 
discharge stack assemblies, and to be accommodated in 
the limited space under the existing building roof. 

Stack losses account for most of the inefficiency. 
These losses are directly related to the exhaust temper-
ature to which the flue gas can be reduced by the 
economizer. Since these losses can range anywhere 
from 5 percent to 30 percent, it becomes clear that the 
economizer is a key component for economical opera-
tion. 

A convenient measure of economic efficiency is "Rela-
tive Fuel Consumption." The relative fuel consumption 
correlates closely with the stack temperature, plus a

Fuel savings on these units has been monitored by Esso 
and estimated at approximately 17.5 percent, which 
corresponds closely with the results predicted from 
Figure 2. The results suggest there may be numerous 
opportunities for upgrading and improving the eff i- 
ciency of existing steam generator plants, and for 
applying the improvements to subsequent commercial 
developments. 
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ECONOMIC MODEL PREDICTS 35% RATE OF 
RETURN FOR ATHABASCA IN SITU RECOVERY 

A probabilistic economic evaluation model based on the 
Monte Carlo simulation method and developed for pet-
roleum investment ventures was discussed by F. F. 
iskander and C. U. ikoka at the Seventh Annual 
Energy-Source Technology Conference in New Orleans, 
February 1984. A case study was presented based on a 
specific project site in the Fort McMurray region of 
Alberta, Canada. 

The technology selected for evaluation was combined 
forward combustion and water flood (COFCAW). Tech-
nical performance parameters were derived from a 
literature survey of more than forty different fire flood 
projects. A regression analysis developed equations to 
predict the production performance of fire flood pro-
jects. 

The probabilistic computer model allows input variables 
that have a continuous distribution to follow any of five 
probability distributions. These distributions are (1) 
triangular, (2) uniform, (3) gamma, (4) beta, and (5) 
normal. Other input variables that have a discrete 
distribution may be entered by dividing the range of 
possible values into a number of segments, or fractiles, 
and assigning the probability of occurrence of each 
fractile to it. 

The model calculates possible production rates that are 
directly dependent on the calculated recoverable 
reserves. The production rates are used to calculate 
total revenue; this is followed by calculating direct and 
indirect cost items, taxable income, taxes, earnings 
after tax, non tax deductible items, cash outflows, and 
net cash flows. These net cash flows are used to 
calculate three profitability measures: the discounted 
cash flow rate of return, a modified rate of return, and 
the net present value. 

In the case study developed, the field is to be developed 
by consecutively drilling five 80 acre blocks. Each 
block consists of eight 10 acre units, and each unit is 
composed of a nine-spot well pattern. 

Results are summarized in Table 1. All three profit-
ability measures indicate that the production of the 
Athabasca tar sands is economically attractive. Values 
calculated for the internal rate of return had an 
average of 35 percent; values calculated for the modi-
fied rate of return had an average of almost 31 percent; 
and values calculated for the net present value had an 
average of $10 million. These attractive results are 
obtained while using conservative input for the bitumen 
selling price which was set to vary between $10 per 
barrel to $12 per barrel. Sensitivity analyses on the 
input variables showed that all profitability measures 
are sensitive to the well operating costs and the infla-
tion rate of that variable. Also, strong dependence is 
observed for bitumen selling price and the inflation rate 
of that selling price.

TABLE 1 

PROBABILITY DISTRIBUTIONS
OF THE PROFITABILITY MEASURES 

ROR RORMOD NPV 
Percent* 950 3-12-M) 

0 47.01 36.10 19.66 
10 41.13 33.54 14.43 
20 38.74 32.72 12.97 
30 37.31 31.90 11.60 
40 35.83 31.25 10.34 
50 34.83 30.74 9.69 
60 33.84 30.33 9.23 
70 32.21 29.52 8.50 
80 31.29 29.13 7.26 
90 28.68 21.73 6,06 

100 24.02 25.27 2.45 

* Percent of time the corresponding profitability 
measure will be exceeded 

It was also noted that the modified rate of return is the 
least sensitive of all profitability measures to input 
data variations. 

The model was re-run six times, each time assigning all 
probabilistic variables to a different type of distri-
bution. The results, in Table 2, give some indication of 
the effect of assuming a given type of distribution. The 
authors point out that the distributions are included in 
the model for versatility, and the appropriate distri-
bution should be selected to match the actual shape of 
the data for each of the input variables. 

TABLE 2 

RESULTS FOR INTERNAL RATE OF RETURN
USING DIFFERENT INPUT PROBABILITY 

(Percent) 

DCFROR Tn-	 T.lni-	 Dis-
Range angular Beta Gamma form Normal crete 

15-20 0.0 0.0 0.0	 2.0 0.0 2.8 
20-25 2.8 0.8 0.4	 7.2 1.6 7.8 
25-30 14.0 13.2 14.0	 16.4 12.8 19.2 
30-35 36.0 36.4 48.0	 26.8 40.8 30.4 
40-45 12.8 11.6 7.6	 16.0 14.0 10.8 
45-50 3.6 1.2 0.8	 8.8 1.2 8.8 

= percent of time the internal rate of return occur-
red in the corresponding subinterval

3-16	 SYNTHETIC FUELS REPORT, JUNE 1984 



TECHNOLOGY 

PROGRESS IN DOWNUOLE STEAM GENERATION 
REVIEWED 

Downhole generation of steam for heavy oil reservoir 
steamfloods represents a method by which efficiency 
losses from surface steam generation can be avoided. 
Earlier calculations by Sandia Laboratory indicate that 
there are three separate regions in which one of three 
separate technology systems is more economical 
(Figure 1).
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For shallow wells, steam generated at the surface will 
not lose sufficient energy to warrant using insulating 
tubing or replacing the steamer with a downhole steam 
generator (DHSG). Intermediate wells can be unques-
tionably helped by insulated tubing as well as a DHSG, 
whereas deep wells require a DHSG for maximum 
economic return. The exact position of the crossover 
points is unknown. It is commonly believed that about 
2,000 feet is the economic limit for conventional SUE-

face steaming technology. In the September 1982 Pace 
Synthetic	 ec Fuels Report (page 3-11), the different th- 
nologies for DI-ISG were reviewed. This article reviews 
two papers, the first on a Rocketdyne field test and the 
second on mathematical modelling of DHSG's at the 
University of Calgary. 

Rocketdyne Field Test 

At the November 1983 Pacific Coast Oil Conference, 
Messrs. J. M. Friedfeld and L. Stabinsky of the Rocket- 
dyne Division of Rockwell International presented a 
paper on a DHSG field test. The title of their paper 
was "Field Test of a Direct-Fired Downhole Steam 
Generator." 

The Rockwell field test was conducted at a depth of 
2,100 feet during 1982 in California's San Ardo field. 
This field is the site of a mature steamflood operated 
by Texaco. According to a crude assay from the 
Bartlesville Energy Technolojy Center, San Ardo crude 
is about 110API with an 80'F pour point; viscosity is

greater than 6,000 SSU at 130°F. 

The DUSG developed by Rockwell is of the direct 
combustion type. Fuel and air are burned in one section 
of the DHSG and steam is produced by injection of 
water into the combustion gases. Steam and combus-
tion gases are injected into the reservoir. Figure 2 is a 
simplified schematic of a direct-fired DHSG. A DHSG 
system consists of (1) a dowrthole tool, (2) fuel and 
water supply systems, (3) air supply system, and (4) 
control system.

FIGURE 2 
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The Rocketdyne DHSG used six strings from the surface 
to the downhole tool. These are the air line, fuel line, 
water line, hydraulic control line, caustic line, and 
electrical cable. The large air and water lines were 
installed as 30 feet sections of conventional tubulars. 
Continuous stainless steel tubing was used for the fuel 
line, monitoring combustion chamber pressure, and act-
ivating a fuel valve integral with the DHSG. 

Conventional oil field equipment was used to lower and 
retrieve the DHSG unit. High temperature butyl rubber 

- bumpers were used to keep proper spacing between the 
strings. Bumpers were placed at 15 foot intervals. The 
well casing was 9-5/8 inch diameter tubing to 
2,100 feet. 

The DHSG system described herein was designed to 
operate at the nominal design point shown in Table 1. 
The fuel was No. 2 diesel. However, in most cases, 
lease crude can be used. There are many situations 
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wherein natural gas would be used as fuel, specifically 
where an excess is produced or in the case of certain 
remote locations where pipelines are not available for 
trnnsnort.

TABLE 1 

DIRECT DHSG NOMINAL DESIGN
PARAMETERS 

Energy Rating, MM BTU/Hour 15 
Fuel Diesel 
Oxidizer Air 
Ignition Triethylboron 
Operating Pressure, PSI 1,500 
Fuel Flow, Lb/See 0.23 
Air Flow, Lb/See 3.47 
Water Flow, Lb/Sec 3.45 
Length, Feet 17 
Outside Diameter, Inches 5.5

Prior to the downhole tests, the DHSG was tested on 
the surface. The surface tests spanned a period of 
2.5 months during which time methodical tests were 
conducted to determine items such as triethylboron 
(TEB) ignition requirements, DHSG effluent corrosion 
control, and pH balance (using liquid ammonia mixed 
with the DI-ISG feedwater) of liquid droplets in steam, 
control software, and DHSG fluid feed system interac-
tions. 

After insertion, the DHSG ran for a total of 324 hours 
over approximately 2 weeks. During this period, five 
interruptions of relatively small duration occurred due 
to either control system error or surface equipment 
malfunction (mainly compressor auxiliary equipment). 
In each case, corrective steps were taken to return to 
steaming operation. The tests were run under automatic 
control at nearly constant flow and pressure, maintain-
ing a gas injection pressure of approximately 1,000 psia 
and energy input of 10 x 106 BTU per hour into the 
reservoir. Downhole corrosion was controlled by inject-
ing ammonia to maintain a pH of 8.4 in the generators' 
exhaust gases and by adding a filming corrosion inhibi-
tor (Tretolite KP-235). 

Upon completion of downhole operation, the unit was 
retrieved, dismantled, and inspected. Some minimal 
corrosion was found in the combustor. Analysis of this 
corrosion indicated that it was due to the presence of 
sulfur in the diesel fuel and was the result of over 
cooling. A corrosion rate of 60 mils per year was 
achieved. Iron counts were taken at several producing 
wells and were found to be less than 2 ppm. 

The level of sulfur dioxide in the exhaust gases coming 
through the formation was less than 5 ppm. This 
indicates that the reservoir acts as an effective scrub-
ber, thus saving on air pollution control costs. 

Mathematical Modelling of a DHSG 

D. C. Naugler and M. F. Mohtadi of the University of 
Calgary presented the paper "Prediction of the Com-

bustion Characteristics in a Downhole Steam Genera-
tor" at the February 1984 ASME Energy Sources Tech-
nology Conference. The paper discusses the results of 
modelling a DHSG by two different methods. The 
models considered a DHSG as a small diameter (usually 
around 10 centimeters) combustion tube in which a fuel 
(e.g., natural gas) is burned with air or oxygen to 
produce a hot flame. Water is introduced into the 
combustion tube and evaporated by direct contact with 
the hot gases. The exhaust from the generator, mainly 
a mixture of unreacted nitrogen (when air is used for 
combustion), carbon dioxide and steam, is then injected 
directly into the oil face. 

The first method of modelling a DHSG involves setting 
up the reaction and heat balance equations. Then, the 
equations are solved by numerical methods minimizing 
the free energy subject to material balance constraints. 
Convergence of the minimization algorithm Is slow but 
is guaranteed for reasonable first approximation. The 
disadvantage is that this method results In a large 
program whose execution is slow. 

Given the reaction conditions, the program determines 
the adiabatic flame temperature for a balanced reac-
tion, displays product compositions and quantities and is 
capable of producing a plot of the reaction enthalpy as 
a function of temperature. A typical sample of the 
output is shown in Table 2. 

TABLE 2 

SELECTED OUTPUT FOR FREE ENERGY
MINIMIZATION MODEL 

• Downhole steam generator 
• Equilibrium temperature - Te 
• Saturation temperature - Ts 

Stoichiometric 
Air-Fuel 

H20/C114	 Equivalence 
Pressure	 Ratio	 Ratio	 Te	 Ps 
(MP a)	 (Mofl	 (Mol)	 TRY	 tR5 

0.101	 1	 1	 2,055	 339 
2	 1,365	 326 

10	 1	 813	 359 
2	 670	 349 

1.0	 1	 1	 2,055	 402 
2	 1,365	 385 

10	 1	 813	 431 
2	 670	 417 

5.0	 1	 1	 2,055	 465 
2	 1,363	 439 

10	 1	 813	 506 
2	 670	 485 
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As the equivalence ratio increases, the equilibrium 
temperature decreases due to nitrogen dilution. In-
creasing the amount of water to be evaporated also 
drives down the temperature. The saturation tempera-
ture is the lowest operating temperature of the genera-
tor. 

The second method of modelling a D}ISG involves 
calculating the high temperature multi-component gas-
eous equilibrium subject to conservation conditions. 
The solution requires solving a system of simultaneous 
non-linear equations. The computer code is relatively 
simple compared to that of the free energy minimiza-
tion. An additional feature of this second approach is 
that partial equilibrium and quasi-steady state equili-
brium can be evaluated (Dixon-Lewis Method). Quasi-
steady state calculations allow overall kinetic model-
ling of the combustor and prediction of flame stability. 

The Dixon-Lewis method of quasi-steady state calcula-
tion incorporates the reaction mechanism equations and 
their rate constants. The temperature dependence of 
the rate constants is given by Arrhenius expression. 
This set of rate equations for the system may be solved 
by non-linear methods (quadratically convergent New-
ton-like method based on quassion elimination) and the 
rate of disappearance of oxygen as a function of time 
obtained as an explicit function of all component mol 
fractions. 

The second method calculates combustion equilibria 
(including dissociation species) with variation in air-fuel 
equivalence ratio, pressure, and the mole ratio of 
water/methane. Ten chemical species (N2, NO, H, OH, 
1 2, 0, 02, H2O, CO, and CO2) are included. FIgure 3 
shows the dependence of microspecies composition on 
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pressure for fixed values of air-fuel ratio (cC ) and 
water-fuel ratio ( , mol basis). On a log basis, the 
curves are nearly linear. Increases in pressure result in 
less dissociation. Only microspecies are shown because 
the macrospecies are present in amounts very close to 
what they would occur in the absence of dissociation. 
Figure 4 shows the variation of inierospecies (including 
NO) with the water-fuel ratio at constant pressure and 
air-fuel equivalent ratio. Dissociation reactions are 
inhibited as the water-fuel ratio increases. 

This model may be extended to continuous combustion 
in a one dimensional flow regime so as to obtain a 
special representation of the combustion process in a 
pre-mixed flame or a turbulent diffusion mixed flame. 
Additional conditions required for such cases would be 
(a) the continuity equation for compressible flow in 
one-dimension and (b) the momentum equation. Kinetic 
energy changes would be used in a modification of the 
enthalpy balance equation. 

NEW RADIO FREQUENCY DEVICE PROPOSED 
FOR HEAVY OIL AND OIL SANDS RECOVERY 

A radio frequency (microwave) heating process for 
in-situ thermal stimulation is being promoted for use in 
the Cold Lake and Lloydminister regions of Canada. 
The device, invented by Duane Hangensen of the United 
States, is said to have been tested extensively at 
Massachusetts Institute of Technology, and at Stanford. 
A small field test was carried out on heavy oil in 
Missouri in 1983, producing about 150 barrels of oil over 
a period of three months. 
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The technology consists of a microwave tool inserted 
down a wellbore by means of a coaxial cable. In a 
demonstration in Calgary, an 80 cubic foot fiberglass 
tank with an 8 inch simulated well casing was filled 
with sand, water, and heavy oil. The radiation tool 
raised the formation temperature from 750? to 150°F 
over a period of 16 hours. In field applications, the tool 
would be mounted on a fiberglass casing stub at the 
bottom of the well casing, because the microwave 
radiation cannot be transmitted through steel. 

The device is said to be effective in both sandstone and 
carbonate reservoirs, as long as the water saturation is 
below 25 percent. The invention is owned by 
R. F. Energy Recovery Systems of Minneapolis. A joint 
venture is being established with R. F. Oil Industries, 
Ltd., Toronto, under the name R. F. Recovery-Canada. 
The joint venture is negotiating with three 
Lloydminister oil companies to develop a full-scale 
field trial. 

CANMET, DaB, OLEOPHILIC 
SIEVE PROCESSES UPDATED 

At the 7th Annual Energy-Sources Technology Confer-
ence in New Orleans, February 1984, brief updates were 
given for each of these processes. 

CAN MET 

The CANMET hydrocracking process was reviewed at 
length in the PaceSynthetic Fuels Report, Decem- 
bar 1983, page 3-29. Most hydro cracking processes use 
expensive catalysts which are deactivated by heavy 
metals and coke deposition. The CANMET process uses 
an inexpensive, disposable additive of coal in conjunc-
tion with an iron salt. It is insensitive to heavy metals 
and suppresses the formation of coke. Pitch conversion 
levels of over 90 percent have been obtained for va-
cuum residues from bitumens and heavy oils such as 
Athabasca, Cold Lake, Primrose Lake, and Lloydmirts-
ter. 

The process is adaptable to producing either a fully 
upgraded synthetic crude or a partially upgraded pipe-
lineable material. Modular construction of 10,000 to 
20,000 barrels per day units is thought to be feasible. 

A 5,000 barrel per day demonstration unit is under 
construction at Petro-Canada's Montreal refinery, and 
will be on-stream in 1985. 

Do,a Refined Bitumen 

Gulf Canada's Donor Refined Bitumen Process was 
reviewed at length in the Pace Synthec Fuels Report, 
September 1983, page 3-27. In prin

ti
ciple the DRB 

process achieves hydrocracking of a vacuum residuum 
feedstock by heating in the presence of a hydrogen 
donor rather than the more conventional method of 
heating in the presence of catalyst and high hydrogen 
pressures. The donor stream is a middle distillate

containing substituted tetralins as the active com-
ponent. 

The tetralin.s yield hydrogen and convert to naphtha-
lenes, which are then rehydrogenated by conventional 
means. 

Thus, the donor hydrogenation steps can take place in a 
relatively "clean" environment, while the "dirty" step of 
resid hydrocracking is accomplished at relatively mild 
conditions without catalyst. 

Upgrading via the DRB process is compared to a coking 
process and to a high conversion catalytic hydrocrack-
Ing process in the following table: 

Process Comparison
Hydrogen Usage and Synthetic Crude Yield 

Hydro-



Coker cracker DRB 

H2SCFIBb1 Bitumen 1,143 1,906 1,193 
H2SCF/BblSynthetic 1,321 1,887 1,339 

Crude 
Synthetic Crude Yield 86.5 101.0 89.1 

Volume % 
Gravity°API 37.4 35.8 34.8 
Overall Ranking 3 2 1

Gulf Canada gives the ORB the highest ranking because 
of more favorable operating characteristics which 
should lead to greater reliability and a higher on-
stream factor. The process has been under develop-
ment for three years and about 4,000 hours of operation 
have been accumulated on a one barrel per day con-
tinuous pilot plant. Gulf is actively considering the 
possibility of a 400 barrel per day demonstration plant 
as early as 1985. 

Oleophilie Sieve 

The Kruyer oleophiic sieve process was last updated in 
thePace Synthetic Fuels Report, September 1983, page 
3-22. The process is based on the discovery that when 
a mixture of oil phase and aqueous phase is passed 
through a sieve made of oleophilic materials, the aque-
ous phase and hydrophilic solids will pass through the 
apertures but the oil will adhere to the surface. 

As a further refinement to the process, for particular 
application to in situ steam drive projects, it is now 
proposed that the heat contained in hot emulsions from 
production wells may be used to advantage. This may 
be done by directing the hot emulsion coming from the 
wells through the inside of heated rollers to provide 
heat to dehydrate the bitumen that is on the sieve on 
the outside of these rollers. This is illustrated in 
Figure 1. The thermal energy contained in the hot and 
pressurized emulsions produced by means of steam 
drive generally is more than adequate to dehydrate the 
bitumen that is subsequently separated by the oleophilic 
sieve. 
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All streams entering or leaving the separator using such 
a scheme are shown in Figure 1. Water (12) flows 
through a preheater into a steam generator, and steam 
from there is injected into a battery of wells. Hot 
emulsion (1) is produced and flows from the wells to the 
separator. The hot emulsion (1) at 1800C flows through 
the inside of the hot rollers of the recovery zone and 
typically drops 600C and then (2) goes to a glycol cooler 
to drop a further 60 to 80°C to the optimum separation 
temperature (3). It then flows into the cage of the 
separation zone. Water effluent (5) from the separation 
zone leaves for disposal or reuse, and the captured 
bitumen (4) is conveyed into the clean up zone where 
water (8) is used to remove solids or salts or both from 
the captured bitumen. Water effluent (7) from the 
clean up zone goes to a settler and may be recycled to 
the clean up zone as required. Thereafter, the cleaned 
bitumen (6) is conveyed into the recovery zone where it 
is heated and squeezed from the sieve. The recovered 
hot, dehydrated bitumen (1) is pumped to upgrading. 

PINE ISLAND PETROLEUM MINING PROJECT, 
OTHERS DESCRIBED AT SENATE HEARING 

The subcommittee on Energy and Mineral Resources of 
the Committee on Energy and Natural Resources of the 
United States Senate held an oversight hearing on 
March 2, 1984. In his opening statement at the hearing, 
Senator John Warner stated that while there have been 
successful experiences abroad in recovering oil by 
underground mining-assisted methods, very little has 
been accomplished in the United States.

He noted that, using primary, secondary, and tertiary 
recovery methods, we only achieve about 32 percent 
recovery for conventional light crude and 25 percent 
recovery for heavy or viscous crude. That translates 
into 68 percent and 75 percent respectively of crude 
reserves left in the round. Put another way, there is 
an estimated 300 billion barrels of conventional light 
crudes and another 200 billion barrels of heavy or 
viscous oil and tar sands considered to be unrecoverable 
reserves. However, up to 95 percent of some of these 
so called unrecoverable reserves could be recovered 
using various mining-assisted techniques. 

Among several witnesses who appeared at the hearing, 
the most extensive testimony was presented by Petro-
leum Mining Corporation, concerning their oil mining 
project in the Caddo/Pine Island Field, Caddo Parish, 
Louisiana (Figure 1).

FIGURE 1 

LOCATION OF 

CADDO PINE ISLAND FIELD 

ARKANSAS 

	

TEXAS \\ taddo	 03SFWebster IPerish

Claiborne ) 
CADDO PINE	 17 .
ISLAND FIELD

I	 ¶	 I 
Shreveport*	 I_____ 

I	
8ianviIIe 

	

Li	 Red Soto H 
*	 5Ri \

Is 

LOUISIANA 

Pine Island Project 

In the immediate future, Petroleum Mining Corporation 
(PMC) of New Orleans, Louisiana and its coventurer, 
S& M Constructors, Inc. of Solon, Ohio, intend to 
develop an oil mine under an 80 acre unit known as the 
Petroleum Mining Côrporation-Lane/Crye Voluntary 
Unit A. The mine will consist of a 4 foot diameter 
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main shaft drilled to immediately below the soft lime-
stone Annona Chalk formation (approximately 
1,650 feet deep); several ventilation shafts; utility 
shafts through which production will be brought to the 
surface; and lateral tunnels some 10 feet by 10 feet In 
size driven from the main shaft. At approximately 
fifty foot intervals along each of these lateral tunnels, 
20 feet by 20 feet "drilling stations" or alcoves will be 
excavated. From these drilling stations, small diameter 
4 inch drainage holes will radiate upwards into the 
Annona Chalk formation at a spacing of approximately 
50 feet between the drainage holes (Figure 2). 

FIGURE 2 
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The water-oil-gas outflow from the drill holes will be 
encased from the hole collar and now or be pumped to 
a central sump near the shaft in gathering lines. Dif-
ferential settling of sludge, solids, water and gases 
would take place to some extent in this sump. The gas 
and oil-water mixture would be piped to the surface in 
separate pipes located for safety in a borehole rather 
than in either of the shafts. Additional separation 
facilities and sumps will be located on surface to 
upgrade the product to pipeline quality. 

The project will initially consist of 100 or less drainage 
holes to determine whether or not the project produces 
oil commensurate with expectations. Assuming that 
the project is successful, an additional 1,400 holes will 
be drilled on the SI) acre unit. 

PMC proposes to use drilling technologies developed by 
the United States Atomic Energy Commission to drive 
the large diameter hole. The lateral tunnels will be 
driven using standard mining methods. 

Oil will be produced initially by a combination of 
gravity drainage and drainage reservoir pressures (gas, 
oil, and water) and later this will be augmented by 
steam and/or gas injection. 

Oil was discovered in Pine island in 1905. In excess of 
16,000 wells have been drilled in this field since its 
discovery and the current average daily rate of produc-

tion per well is 1 barrel per day. it is estimated that 
less than 10 percent of the original oil in place at Pine 
Island has been recovered because the Annona Chalk 
formation has very low permeability. Numerous at-
tempts have been made to enhance recovery of this oil 
by acidization, fracturing, water flooding, and sonic 
stimulation. None of these attempts has been particu-
larly successful. 

PMC estimates that only 5 percent of the oil in place in 
the project area has been produced. It is believed that 
after sixyears of production approximately 30 percent 
of the oil in place can be recovered through the mining-
assisted project. Approximately 141,000 barrels of oil 
per acre are estimated to be in place in the unit. The 
economic analysis indicated that for this operation to 
break even, it would need a recovery of only S to 
8 percent. 

On August 30, 1983, PMC applied to the Office of 
Conservation of the Department of Natural Resources 
of the State of Louisiana for the necessary permits for 
the drilling of the wells on the unit. A hearing was held 
on November 30, 1983 before the members of the 
Office of Conservation who than directed the granting 
of permits for the operation. 

New Tech Oil Company 

Other testimony was presented by Robert Trent of New 
Tech Oil Company. New Tech Oil Company is a closely 
held private company organized in 1981 for the purpose 
of conducting research into the technology and econo-
mies of oil mining. During 1982 and 1983 research was 
conducted at underground facilities within the Buck 
Run oil field near Malta, Ohio. This work then led to a 
pilot study at a western state location. 

Trent pointed out that there are great inhibitions to 
advancement of oil mining due to government regu-
lations. In Ohio, oil mining is not defined as mining in 
Ohio law because oil is excluded from mining in the 
legal definition of mining. As a consequence the Ohio 
State Mine Inspector did not have jurisdiction over 
underground operations, although they were covered by 
MS HA. 

The same problem exists in the Windfall Profit Tax Act. 
Neither a definition nor mention of oil mining was made 
in the Windfall Profit Tax Act. Lacking an awareness 
of the existence of oil mining, even as an oil recovery 
concept, the Congress had no way of anticipating the 
adverse effect the Act would have on the economies of 
oil mining. Incredibly, oil produced by mining is subject 
to the highest rate of windfall profit taxation. 

Even though oil mining is applied as a fourth-phase 
recovery process, a mined-oil producer does not have 
the benefits of lower windfall profit tax rates (as does a 
producer using tertiary methods), because no provisions 
exist under the Windfall Profit Tax Act for quaternary 
recovery methods. 

The only way that a producer of mined oil could 
possibly qualify for the tier-3 tax rate would be to 
additionally apply "qualified" tertiary injeetant 
methods.	 # # 
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A slant hole drilling rig developed by North Eastern 
Drilling, Ltd. for the Suncor Fort Kent thermal project 
is depicted in Figure 1. It has a variable spud angle, 
with a maximum of 35 degrees. 

SLANT HOLE DRILLING BECOMES SYSTEM OF 
CHOICE FOR TAR SAND AND HEAVY OIL 
PROJECTS 

There are a number of factors which make the drilling 
of highly deviated holes from a central drill pad a 
desirable technique for in situ tar sands development. 
'Cluster drilling" makes it possible to: 

• Drill under lakes and rivers. 

• Avoid difficult ground conditions in swamps and 
muskeg. 

• Drill in urban areas. 
• Conserve agricultural land. 
• Minimize surface disturbance in environmental-

ly sensitive areas. 
• Centralize production facilities, with savings in 

cost and operation. 

The drilling of highly deviated holes in relatively shal-
low depths can be considerably enhanced by starting the 
hole at an angle. Economic advantages of slant hole 
drilling include: 

• Better directional control. 
• Dowithole angle build rate is less, decreasing 

risk of problems. 
• Much greater departure from vertical can be 

achieved for a given true vertical depth. 
• In drilling directional holes, the slant technique 

allows for faster penetration rates.
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Directional drilling is simplified because the well is 
spudded toward its target; it is only necessary to 
maintain direction and build or drop angle as necessary. 
A gradual and continuous build-up of angle is controlled 
principally by the use of conventional bottom hole 
assemblies and/or downhole motors. On the Fort Kent 
Project minimal wear on drill pipe and drill collars was 
experienced; North Eastern drilled approximately 
53,000 meters of hole with no measurable wear of the 
drill pipe joints. 

The depth of the oil sand at Fort Kent is approximately 
350m. The average deviation angle required to hit 
bottom hole targets from the pad as shown in Figure 2 
varies from 50 to 47.5°. Taking the extreme example, if 
the corner wells were spudded vertically, an angle build 
rate of 5°/30m and a bottom hole angle of 840 would be 
required to reach the targets. This would not be 
feasible at this depth from vertical spudding. 

The major objective of the Fort Kent drilling program, 
as indicated in Figure 2, was to develop a large number 
of bottom hole locations (2-hectare spacing) from a 
centralized drilling area. Because of rapid advances in 
the areas of downhole monitoring and control, and in 

FIGURE 2 
FORT KENT TYPICAL PAD AND WELL LAYOUT 
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the development of directional tools and technology, 
another approach utilizing slant hole drilling is also 
possible. 
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Texaco Canada Resources Ltd., has operated an in situ 
pilot project south and east of Fort McMurray since 
1972. By 1979, the company became interested in 
developing the shallow oil sands by drilling long hori-
zontal holes. However, the combination of shallow 
depth and unconsolidated bituminous sands presented 
unique drilling problems to obtain long horizontal sec-
tions. 

Texaco contracted Westburne Drilling (Canada) Ltd. of 
Calgary to build a drill rig with a 45 0 slanted mast. 
Although the wells were shallow, pipe drag during 
lifting and lowering operations would be significant. A 
lifting capability of 100,000 dN was required to lift a 
drill string or liner off bottom. Conversely a push down 
capability of 22,200 dN was required to obtain force on 
a bit or to push a liner to bottom as the force from 
string weight rapidly declines as the angle increases. 

The rig hydraulically raises, lowers, and rotates the 
tubulars. 

Texaco drilled three horizontal wells from a single pad. 
The wells have an average of 334 m of horizontal 
section at an average of 126 m true vertical depth. The 
averaged drilled depth per well was 597 m Figure 3 
shows a cross section for hole 11-2. 

FIGURE 3

TEXACO HORIZONTAL DRAIN HOLE H-2 
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Each well was directionally drilled with a 241 mm pilot 
hole, with angle build-up at 5 degrees/30 at from the 
conductor pipe to the top of the oil sands. Drilling was 
by mud motors, Dynadrill or Navidrill. 

The target of 300 m of horizontal section for each well 
was achieved and deviation control improved each time. 
A steering tool located in the non-magnetic drill collars 
and connected to surface by wireline was used at all 
times while drilling. 

Although these first wells resulted in very high drilling 
costs, Texaco believes that the information, techniques, 
equipment design, and expertise gained are invaluable, 
and suggests that a significant advance in shallow 
formation development has been achieved.

MODEL DEVELOPED FOR JET 
PIERCING OF OIL SANDS 

Researchers at the University of Alberta have devel-
oped a correlation for predicting the rate of penetra-
tion and maximum depth of penetration for a high 
pressure water jet nozzle in oil sands. The feasibility 
of using high pressure water jets to supplement or 
replace mechanical drilling has long been studied. One 
application would be that of substantially increasing the 
effective diameter of a drilled well by piercing hori-
zontal holes Into the formation with a water jet nozzle 
lowered down the wellbore. To develop practical 
applications to in situ oil sands operations, correlations 
are needed for penetration rate and depth as functions 
of sand properties and jet parameters such as nozzle 
diameter and dynamic pressure. 

Laboratory observations on water jets led to a statis-
tical probability model for impact pressures at the 
working face. Pressure must exceed a critical value for 
cutting to occur. Results from the model are compared 
to some field test data for a 6.4 millimeter nozzle at 
various pressures in Figure 1. It was not possible to 
draw any strong conclusions because of the limited field 
data, which only extended to a jetting time of 
60 seconds. When the curves in Figure 1 are extended 
by model calculations to 1,000 seconds, they predict a 
maximum total depth of penetration of between 5 and 
7 meters.

FIGURE 1 
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INTERNATIONAL 

YAREGA OILFIELD ACHIEVING 50 PERCENT 
RECOVERY BY MINING ASSISTED STEAM 
INJECTION 

The Yarega oilfield (Soviet Union) is the site of a large 
mining-assisted heavy oil recovery project. The pro-
ductive formation of this field has 26 meters of quartz 
sandstone occurring at a depth of 200 meters. Average 
permeability is 3.17 mKm 2 . Temperature ranges from 
2790 to 281 K; porosity is 26°; oil saturation is 87 per-
cent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per 
second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In 
a pilot development, 69 wells were drilled from the 
surface at 70 to 100 meters spacing. The oil recovery 
actor over 11 years did not exceed 1.5 percent. 

Drainage through wells at very close spacing of 12 to 
20 meters was tested with over 92,000 shallow wells. 
Development of the oilfield was said to be profitable, 
but the oil recovery factor for the 18 to 20 year period 
was approximately 3 percent. 

A mining-assisted technique with steam injection was 
developed starting in 1968. Information on the project 
was presented at the 11th World Petroleum Congress. 

Three mines have been operated for over ten years. An 
area of the deposit covering 225 hectares is under 
thermal stimulation. It includes 15 underground slant 
blocks, where 4,192 production wells and 11,795 steam-
injection wells are operated. In two underground slant 
production blocks, which have been operated for about 
8 years, oil recovery of 50 percent has been reached. 
These areas continue to produce oil. 

Historical oil production and steam injection rates are 
given in Figure 1.

FIGURE 1 

YAREGA OILFIELD PRODUCTION BY 
MINING AND STEAM INJECTION 
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CANADA APPROACHES OIL SELF-SUFFICIENCY, 
THANKS TO SYNCRUDES 

Canada is now running with approximately balanced net 
oil supply and demand, due in large part to reduced 
domestic demand. However, an appreciable part is due 
to improved performance at the two commercial oil 
sands projects, Suncor and Syncrude. The two projects 
now produce almost 15 percent of Canadian require-
ments. 

Heavy oil producibility continues to run well ahead of 
domestic demand. Much production capacity in this 
sector remains shut in. Markets for this production are 
being sought for asphalt production in the United 
States. Exports of heavy crudes to the United States 
have increased by 55 percent in the last year. 

The Alberta government sees the further development 
of oil sands as necessary if Canada is to maintain oil 
self-sufficiency in the medium term. Conventional 
production from frontier areas remains speculative in 
contrast to the known potential of the oil sands. 

GEOLOGICAL SURVEY OF CANADA NOTES OIL 
SANDS, HEAVY OIL, OIL SHALE OCCURRENCE 

Geological Survey Paper 83-31, released in 
January 1984 summarizes the non-coal hydrocarbon re- 
sources of Canada. It replaces "Oil and Natural Gas 
Resources of Canada-1976." The report considers 
briefly the non-conventional resources of oil sands, 
heavy oil, carbonate oil and oil shale. 

These resources are termed non-conventional in that 
they cannot be produced effectively by normal oilfield 
techniques. Their extent, location and quantity are 
well defined and the major impediment to their devel-
opment is simply the cost of extraction. 

Oil Smith 

Canada's largest and best known oil sands occur in 
Lower Cretaceous sandstones in Alberta. Although 
commonly called the Athabasca oil sands, they occur in 
several separate deposits (Figure 1) with a common 
geological setting. The sands were transported to the 
Alberta Basin by a series of rivers and deposited in a 
complex of fluvial-deltaic non-marine to marine envir-
onments. Extensive oil generation, migration and trap-
ping has formed the oil sands which are among the 
largest oil accumulations in the world. About 10 per-
cent of the total deposits crops out at the surface 
where open-pit mining can be developed. Oil sands are 
also known to exist in Triassic sandstones on Melville 
Island. The deposit is considerably smaller than those 
in Alberta but probably contains more than 500 million 
cubic meters of bitumen in-place. Total quantity of 
bitumen in place is estimated at 197,590 million cubic 
meters.

- 
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FIGURE 1 

LOCATION OF OIL SANDS, 
HEAVY OIL, AND CARBONATE 
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will be recoverable are highly cost-price dependent and 
are not included in this report. 

Carbonate Oil 

Crude bitumen accumulations are known to exist in 
carbonate rocks of Devonian and Carboniferous age 
that lie beneath the Alberta oil sands (Figure 1). Early 
estimates of total bitumen in-place were of the same 
magnitude as that of the oil sands, but very little is 
known about most of the accumulations in what has 
been termed the "carbonate triangle" (Figure 1). One 
unit, the Grosmont Formation, Is considered to contain 
the most crude bitumen and has the best reservoir 
properties for potential development. 

Oft Shale 

Canada's oil shale deposits are widely distributed across 
the country and occur in rocks from Ordovician to 
Cretaceous age (Figure 2). 011 shales actually include a 
variety of fine-grained sedimentary rocks containing 
indigenous organic matter that is mostly insoluble in 
petroleum solvents, and from which shale oil can be 
extracted by pyrolysis. The organic matter is usually 
kerogen, an insoluble solid organic material, and lesser 
amounts of bitumen. The organic material has been 
derived primarily from algae and spores incorporated 
into fine-grained sediments. 

FIGURE 2 
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Heavy Oil 

Deposits of heavy oil in the Lloydminster area 
(Figure 1) are included as non-conventional even though 
they have a small component that can be produced 
conventionally. However, the total percentage of the 
resource likely to be recovered conventionally is small, 
and significant future production will have to rely on 
non-conventional techniques. The heavy oil deposits 
occur in the same geological setting as the oil sands 
except that the depositional environment has been 
dominantly fluvial- intertidal, resulting in a series of 
thin discontinuous cyclic sand-shale sequences. 
Individual sandstone beds contain net-pay in the five to 
ten meter range on average, and occur at depths of 
about 1,000 meters. 

Total heavy oil in-place is estimated to be 460 million 
cubic meters for "average expectation" estimates. The 
resource is divided almost equally between Alberta and 
Saskatchewan, and is being actively examined in many 
fields for application of enhanced recovery methods. 
Estimates of the total percentage of the resource which
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Carboniferous oil shales of the Albert Formation in 
New Brunswick are the best known and delineated of 
Canada's deposits. These deposits are similar litho-
logically to the Green River Shales of Colorado. The 
New Brunswick deposits occur from surface to 615 me-
teN depth. Some intervals contain more than 100 litres 
of shale oil per tonne of rock. Published reserves are 
estimated in excess of 45 million cubic meters in-place. 
Except for the New Brunswick deposits, there is 
insufficient data upon which to base estimates of 
potential resources. 
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CANADA-SASKATCHEWAN HEAVY OIL/FOSSIL 
FURL PROGRAM FUNDS NEW PROJECTS FOR 
1984 

The Governments of Saskatchewan and Canada estab-
lished the Heavy Oil/Fossil Fuels It, D & D Program to 
help promote Saskatchewan's heavy oil and fossil fuel 
resources. The program was established under two 
federal-provincial agreements—the 1976 Canada-Sask- 
atchewan Heavy Oil Agreement and the 1983 Canada-
Saskatchewan Heavy Oil/Fossil Fuels It, D & D Agree-
ment. A total of $46.2 million in financial assistance 
was made available. To date, a total of $16 million has 
been committed to various projects. Approximately 
$30 million in funding is still available. 

The Heavy Oil/Fossil Fuels It, I) & D program previous-
ly has provided financial assistance to three EOR pilot 
projects: 

• The Mobil Celtic steam stimulation pilot 
• The Murphy Eyehil in situ dry combustion 
• The Canterra Meota steam project. 

New projects, initiated in 1984, include: 

• Development of a heavy oil pump 
• Transportation options for heavy oil 
• Numerical simulation in reservoir engineering 
• Microemulsions and compressibility 
• Thermal fingerprinting of heavy oil cores 
• Combustion tube studies of heavy oil cores 
• EOR by carbon dioxide injection 
• EOR by steam injection 
• Reservoir data base 
• Laboratory high pressure miscible displacement 
• Tertiary recovery data base 
• Reservoir simulation strategy 
• Pyrolysis and hydrocracking of heavy oils 
• Sand control studies 
• Characterization of emulsions 
• Acid numbers and desalting of heavy oil 
• FCC of upgraded heavy crude fractions 
• Upgrading Saskatchewan EOR feedstocks. 

Information on the program and eligibility requirements 
for cost-sharing or research grants may be obtained 
from Saskatchewan Department of Energy and Mines, 
Regina, Saskatchewan. 

In its January 1984 submission to the National Energy 
Board, miscellaneous Report 84-5, the department pre-
dicted that Saskatchewan crude oil production could 
remain relatively constant at around 25,000 to 
30,000 cubic meters per thy until 2000, given sufficient 
development in the heavy oil area. Total tertiary 
recovery potential for the province is projected at 
600 million cubic meters, with 85 percent of that oc-
curring in the Lloydmiimter and Kindersley heavy oil 
areas. The Heavy Oil It, D & D program is intended to 
help achieve that potential.

3-27	 SYNTHETIC FUELS REPORT, JUNE 1984



ENVIRONMENT 

VENT GAS EMISSIONS FOR IN SITU 
PROJECTS SHOULD BE NO PROBLEM 

Produced gas is defined as the total gas associated with 
the production and separation of fluids from thermal 
in-situ projects in Canada. As a component of the 
produced gas, the fraction exiting via the casing vent is 
termed vent gas. Vent gas usually accounts for the 
majority of the produced gas. M. E. McCormack of 
AOSTRA presented a summary of the state-of-the-art 
for vent gas handling systems at the University of 
Calgary symposium on heavy oil and oil sands in March. 

The primary driving force for vent gas control Is 
environmental concerns and secondarily the economics 
of reusing specific gas components. 

To date the venting/flaring of produced gas has not 
aroused great environmental concerns. There are few 
absolute government regulations on emission levels. 
Currently individual projects negotiate items such as 
allowable emission levels, recovery facilities and envi-
ronmental monitoring with government agencies. 

Produced gas from in-situ projects includes H25, 502, 
NOx, CO and particulates. The most immediate envir-
onmental concern is safety. To this end concentrations 
of poisonous gas components at ground level or vent tip 
are specified and monitored. If the levels are 
exceeded, corrective action such as flaring or stack 
extensions are implemented. Long-term environmental 
effects are concerned with sulfur emissions, or "acid 
rain." Total sulfur emissions for a mature in-situ 
industry were calculated to be 5 long-term per day 
based on the following data: 

• Bitumen production from in-situ projects - 
50,000 m3/d 

• G.0.R. - 15 m 3 gas/rn3 bitumen 
• H25 content - 0.5% 

At this level there would be little expected envir-
onment impact. For comparison the ERCB reports 
sulfur emissions from all natural gas processing plants 
in Alberta to total 340 tons per thy. 

The relative insignificance of sulfur emissions from 
produced gas sources is further highlighted when com-
pared with bitumen fired steam generations. For the 
same amount of net bitumen production, 50,000 m 3 per 
thy, an O.S.R. of 0.2 and fuel sulfur content of 4 per-
cent, the corresponding emission rate is 1190 long-term 
per thy. 

McCormack presented data on the vent gas handling 
systems of six selected AOSTRA sponsored projects. 
All of the projects are currently active, and include the 
techniques of: 

• Steam drive with/without pressure cycling 
• Cyclic steam stimulation 
• Dry forward combustion 
• Wet forward combustion.

The scope of the facilities ranges from a well vent tank 
and critical flow prover on one project to a vapor 
compression scheme on another project. Several of the 
projects have the option of burning the produced gas as 
a portion of the steam generator fuel supply. Other 
typical components include separators, gas meters, and 
flare systems. 

Combustion projects typically require better metering 
accuracy than steam projects as the produced gas is an 
Important reservoir monitoring and control tool. The 
two combustion projects studied have vent gas gather-
ing systems separate from the produced fluids system. 
This allows the casing annulus pressure to be adjusted 
Independently of the produced fluids system pressure. 

MeCormack's observations include: 

• Burning of the produced gas either in a steam 
generator or a flare has posed few problems 
with only one project requiring flare enrich-
ment. 

• Corrosion rates have been unexpectedly low 
with uncoated carbon steel piping providing 
good service. 

• The single system employing fiberglass pipe has 
experienced a failure of undetermined origin. 

• Several projects have experienced metering in-
accuracies due to the flowrates being out of 
range for the equipment Installed. 

• Production of bitumen from the casing annulus 
has occurred in several instances, usually re-
sulting In plugged lines, separators and meters. 

• Significant variations in flowrates from similar 
projects occur. 

The following points highlight the knowledge gained on 
the AOSTRA sponsored projects. McCormack's design 
recommendations include: 

• Avoid dead legs in piping where corrosion may 
occur or fluid slugs may develop. 

• Provide adequate freeze protection. 
• Avoid the use of mist eliminators when the 

potential for plugging with bitumen exists. 
• Lines filled with cold bitumen may allow pres-

sures above the line rating to occur. 
• Liquid drain lines from separators should be 

generously sized and heat taped to prevent 
bitumen plugging. 

• Consider multiple units for vapor compression 
to accommodate flowrate fluctuations. 

In the first "commercial in-situ projects in Alberta at 
Cold Lake and Wolf Lake the design of the vent gas 
handling systems is not especially different from the 
pilot projects. The ESSO system as outlined in the 
application to the ERCB is presented in Figure 1. 
Vapor recovery compressors will be used at the satel-
lites to allow lower casing annulus pressures and at the 
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fieldgate facilities to recover all produced gas asso-

FIGURE I
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ciated with the bitumen/diluent stream. Flaring of 
hydrocarbon vapors will be limited to upset conditions. 
Under normal operations the produced gas will be 
blended with fuel gas and used as steam generator fuel. 
More complex systems than this would be required only 
if commercial prospects for CO2, H2 recovery exist. 

TAR SAND WASTE WATERS TREATED BY GAS 
FLOTATION AND FOAM SEPARATION 

In 1980, the Department of Energy's (DOE) Laramie 
Energy Technology Center (LETC) conducted a field-
scale, in situ experiment in Vernal, Utah to demon-
strate the feasibility of using a steam injection process 
to extract oil from tar sand. A great deal of water is 
required for this process and most of the tar sand in the 
United States is located in arid areas. It will be 
necessary to treat the process waters (or wastewaters) 
for reuse in the system and/or release to the environ-
ment. 

Under DOE funding, the Virginia Polytechnic Institute 
and State University at Blacksburg carried out a feasi-
bility study (DE 84001331) to evaluate air flotation and 
foam separation for the treatment of the wastewaters 
collected in the Vernal experiment. 

The report includes a general overview of adsorptive 
bubble separation methods (adsubble methods). These 
are processes by which material is selectively adsorbed 
or attached to the surfaces of bubbles rising through a 
liquid, thereby concentrating or separating the material 
of interest. A non-surface active material may be 
made surface active by addition of a surface active 
collector (surfactant or polymer).

The adsubble methods may be separated into two cate-
gories. The first, foam separation, is sub-divided into 
foam fractionation (separation of dissolved materials 
via foam) and froth flotation (removal of particulate 
material by foaming). The second is non-foaming 
adsorptive bubble separation, which is sub-divided into 
solvent sublation and bubble fractionation. The former 
involves transfer of material to an immiscible liquid 
atop the bulk pool, while the latter describes transfer 
of material by bubble adsorption or attachment, to be 
deposited on top of the pool by existing bubbles. 

Air flotation is an adsubble method by which suspended 
solids and/or emulsified liquids may be separated from 
a continuous liquid base. Strictly speaking, air flotation 
is not a foam separation technique in that no stable 
foam or froth is produced. The air flotation process 
involves the introduction of air bubbles into a liquid 
phase which associate with contaminants and then float 
to the surface. Once on the surface of the liquid pool 
the floated material may be removed by mechanical 
scrapers or other means. 

All of the systems used in the studies were actually 
combinations of foam and bubble separation, due to the 
presence of a significant liquid pool through which the 
bubbles had to rise. This combined mode of operation is 
especially recommended if the surfactant concentration 
in the feed is below the minimum concentration to 
produce a foam, called the foaming threshold. 

The researchers noted that the process waters collected 
by LETC in the Vernal tar sand experiment were very 
amenable to treatment by means of air flotation. The 
process waters initially contained suspended solids (SS), 
chemical oxygen demand (COD), and total organic car-
bon (TOC) levels of approximately 3,000; 9,000; and 
2,600 milligrams per liter, respectively. Following sin-
gle-stage, polymer-aided, air flotation operations the 
55, COD, and TOC levels of the wastewater were 
typically reduced by greater than 97 percent. Follow-
ing second-stage treatment the levels of these various 
parameters were generally reduced by another 1 to 
2 percent. Thus, the first-stage system removed most 
of the contaminants in the process waters; but the 
second-stage column effected some additional removals 
and afforded the overall system greater stability over 
extended operating periods. 

Foam separation, on the other hand, did not appear to 
be a promising means of treating the tar sand waters. 
Few of the surfactants considered were able to accom- 
plish good removals of total organic carbon and sus-
pended solids. Those agents which accomplished accep-
table contaminant removal did so only at rather high 
levels. 

Based on a statistical analysis of the data, it was 
determined that the best configuration for the single-
stage system was: 

• Polymer dose and type = 60 mg/L Betz 1195 

• Air flowrate = 1,410 ml/min; detention time = 
23 minutes 

• Temperature = 40°C. 
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The best second-stage system was determined to be an 
air flotation process operated under the following con-
ditions: 

• Polymer dose and type = 5 mg/L Betz 1195 

• Air flowrate = 1,250 ml/min; detention time = 
20 minutes 

• Temperature 45°C. 

Efforts to rigorously characterize system overflow 
materials were unsuccessful. Bitumen and other con-
taminants separated from the process waters adsorbed 
to the walls of the reactors, making it impossible to 
compute mass balances. 

IS VANADIUM A HEALTH HAZARD FROM TAR 
SANDS DEVELOPMENT? 

Tar sands bitumen, in comparison to conventional crude 
oils, contains very higtwconcentrations of vanadium and 
nickel. Both of these metals are highly toxic when 
inhaled. Vanadium produces severe lung disease, de-
presses the heart, and induces brain dysfunction. Nic-
kel is a known carcinogen in man, and has other toxic 
effects. 

Dr. Prank LaBelle of the University of Manitoba has 
recently charged that there may be serious health 
effects if large-scale tar sands development proceeds 
without proper study and safeguards. LaBella's re-
search with rats showed that vanadium caused toxicity 
in the kidney even at relatively low levels (25 ppm) in 
the rat's water. Writing in the Journal of Toxicology 
and Environmental Health, he states that in recent

cc years vanadium has been aumulating in soil, air, and 
animal and plant life. Thus workers and residents in the 
tar sands area, as well as those utilizing the syncrudes 
for fuel, will be at increasing risk due to prolonged 
exposure. 

Other researchers at Vancouver General Hospital are 
looking for vanadium in the hair of the Fort McKay 
Indian Band. The 200 member band is awaiting results 
of the hair sampling to see if there is any correlation to 
recurring health problems which they have developed. 

Alberta Environment monitors vanadium levels in local 
lakes and rivers around the tar sands plants, and finds it 
present only at concentrations near the limit of detec-
tion (one or two parts per billion). In spite of this, the 
vanadium issue will likely be the target of future 
research and regulatory constraints.

-
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WATER 

ESSO'S LEMING PILOT SOLVES 
WATER REUSE PROBLEMS 

At Esso Resources' Leming Pilot at Cold Lake, the 
produced water to oil ratio is greater than two. The 
produced water is hot and saline and must be either 
reused for steam generation, or injected into salt water 
disposal wells. Over several years of operation, Esso 
has developed a successful water treating system for 
reuse. 

Operation of the process (Figure 1) was described by 
M. K. Bridle at the University of Calgary Heavy Oil 
Conference. The emulsion from the field is cooled and 
fed into a Free Water Knockout and an Electrostatic 
Treater where most of the water is removed from the 
oil stream.

FIGURE 1 

WATER REUSE AT LEMING PILOT 
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The combined water stream is treated with reverse 
demulsifier at a concentration of approximately 10 mil-
ligram per liter. The stream is cooled to about 90°C 
and sent to a Skim Tank. The water stream next passes 
through an Induced Gas Flotation (IGF) unit and Pri-
mary Filters, into the Produced Water Treatment Plant, 
and then back to the Steam Generators. 

The oil concentration at the inlet of the Skim Tank 
ranges from 500 to 47,000 milligram per liter and from 
80 to 400 milligram per liter at the outlet. The IGF 
unit further reduces the oil concentration to less than 
20 milligram per liter and the Primary Filter effluent 
normally contains less than 5 milligram per liter. 

According to Bridle, the 1GB unit was a major source of 
operating problems. The produced water contains high 
levels of hydrogen sulfide and on passage through the 
IGF unit, the natural gas used to float the oil to the 
surface also liberates the hydrogen sulfide from solu-
tion. The 1GB unit must therefore be absolutely gas 
tight. The hydrogen sulfide also causes corrosion 
problems in the downstream units.

A number of problems with the IGF unit were resolved 
by placing the level control function under precise 
automatic valve control. 

The primary filters use sand as the filter medium and 
are cleaned using a hot water/gas scour backwash 
sequence. Dual media filters were tested, but the 
media proved difficult to separate once coated with oil. 

Use of acidification instead of a reverse demulsifier 
was tested, but the downstream Hot Lime Softening 
process was adversely affected. 

A coalescing sponge filter, where oil is cyclically 
removed from the sponges by squeezing, was tested and 
outperformed the 1GF unit in terms of oil removal 
efficiency. However, the sponges could not withstand 
the process conditions and deteriorated after a few 
days of service. 

Bridle concluded that the oil separation section of the 
plant now operates continuously and efficiently as the 
result of many years of testing and experimentation. 
However, there is still room to improve the process 
further. 

STEAM QUAlIFY MONITOR DEVELOPED 
AT MANATOKAN PROJECT 

Control systems for oil field steam generators are 
generally highly automated, but have provided no con-
trol for the steam quality. A new system for measuring 
steam quality and producing an analog signal has been 
developed by Struthers-TIW Ltd., and tested at Canad-
ian Occidental's Manatokan Project. The need is not 
for a system possessing initial absolute accuracy, but 
rather for a system which will provide instantaneous 
readout and signal, with repeatable accuracy, once it 
has been calibrated in place under stable conditions. 
Thus, although research done on mixed phase flow in 
orifices and flow nozzles displayed a generally discour-
aging scatter of correlations, there was a much tighter 
correlation at increasing pressures, quality levels, and 
test flow velocities—the regions applicable to the 
steam generator requirement. 

A system was developed that uses signals from sensors, 
most of which are already existing in a typical steam 
generator control system, and processes the signals 
through a micro-processor, using a correlation for 
mixed phase flow, to give an instantaneous and contin-
uous readout of steam quality. In addition, an analog 
signal proportional to the steam quality is provided. 
The only modification to an existing unit would be the 
addition of an orifice or flow nozzle in the discharge 
piping, if not already existing. 

With the cooperation of Canadian Occidental Ltd., 
Struthers-TIW Ltd. installed the steam quality monitor 
system on an existing 25 million BTU per hour steam 
generator at the Manatokan Pilot Project site. 
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From the test results, it was concluded that the steam 
quality monitor could provide relative accuracy and 
repeatability within +1-i percent in the operating 
ranges of pressure and quality which are of concern. 

The ultimate application will be to incorporate the 
steam quality monitor system directly into the control 
system, to provide a secondary and automatic bias to 
the main fuel/water ratio control. Before this can be 
done, the problem of large transient lag time in the 
steam circuit must be solved. 

The once-through forced flow oilfield steam generator 
in general use today is operated at about 80 percent 
quality. This is, by experience, an appropriate level to 
provide as much heat input per pound of water flow as 
practical, without exceeding levels above which hard-
ness deposition and scaling could occur. Any significant 
scaling on the interior of the coils can quickly lead to 
hot spots and tube failure. Thus, a system that will 
ensure that safe values are maintained, is a valuable 
asset. 

On the other hand, running at an unnecessarily conser-
vative level because of lack of confidence in the quality 
measurement, results in higher operating cost per pound 
of useful steam. This new device could therefore be of 
appreciable economic benefit
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TABLE 1 

TAR SAND RESOURCE IN-PLACE
(Billion Barrels) 

Men- Specu-
sured lative Total 

Major Deposits 
(Greater than 100 
Million Barrels) 

Alabama 1.8 4.6 
Alaska - 10.0 10.0 
California 1.9 2.6 4.5 
Kentucky 1.7 1.7 3.4 
New Mexico 0.1 0.2 0.3 
South Oklahoma - 0.8 0.8 
Texas 3.9 0.9 4.8 
Tri-State 0.2 2.7 2.9 
Utah 11.9 7.5 19.4 
Wyoming 0.1 0.1 0.2

Total	 21.6	 31.1	 52.7 

Minor Deposits 
(Between 10 and 100 
Million Barrels) 

Alabama	 -	 0.1	 0.1 
California	 -	 0.2	 0.2 
Utah	 -	 0.7	 0.7 

Total	 -	 1.0	 1.0 

The United States Tar Sand Resource is Considerably 
Larger Than Reported in Earlier Studies. The in-place 
tar sand resource is larger than reported in previous 
studies, such as United States Bureau of Mines, Mono-
graph 12, or published in various other public sources, 
as shown in the following table: 

RESOURCE 
The Total United States Tar Sand Resource is Esti-
mated at 54 Billion Barrels. The measured United 

NEW STUDY RAISES UNITED STATES TAR SAND	 States tar sand resource in-place for major deposits is 
RESOURCE ESTIMATE	 estimated at 22 billion barrels. The speculative re-

source in-place for major deposits is estimated at 
"Major Tar Sand and Heavy Oil Deposits of the United 	 31 billion barrels. The minor deposits contain 1.0 bib 
States," a study completed for the Interstate Oil Com- 	 lion barrels of speculative resource in-place.	 Not 
pact Commission by Lewin & Associates and published 	 addressed wasthe offshore California area where tar 
in January 1984, concludes that there are 53.7 billion 	 sand/heavy oil deposits are presumed to exist, but for 
barrels of tar sand resource in place. 	 which data are not yet obtainable. 

The location of the tar sand resource for the United 
Major Findings	 States is shown by state in Figure 1. The distribution of 

tar sand by state and resource category is shown in 
The majoi findings of the study were: 	 Figure 2 and Table 1.

FIGURE 1 

TAR SAND DEPOSITS OF 
THE UNITED STATES 

I 7753 ±Th-rtJ t /eJ L4<LX ©	 .-,--t 
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FIGURE 2 
DIS  TRIBUTION OF THE U.S. TAR 

RESOURCES BY STATE AND 
20- 1	 0.0 CLASSIFICATION 

r
1/rj

FA FA FA 
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Estimates of Tar Sand Resource In-Place
(Billion Barrels) 

This Monograph Other 
Study 12 Public Data 

Measured 21.6 2.5 13.1 
Speculative 32.2 3.0 23.3 

Total 53.7 5.5 36.4

Monograph 12, the previous "official" directory of sur-
face and shallow oil-impregnated rocks of the United 
States published In 1965, identified 2.5 billion barrels of 
measured and 3 billion barrels of speculative resource 
in-place. Since Monograph 12, state geological surveys 
and other institutions have investigated and docu-
mented a number of additional tar sand deposits. 

The new data collected by Lewin led to a significantly 
expanded estimate because many tar sand deposits can 
now be considered measured, and many new tar sand 
deposits and areas have been identified. Future studies 
and new data, such as from the offshore areas of 
California and Alaska, may further add significant 
amounts of tar sand to the United States resource base. 

The Tar Sand Resource Base Is Broadly Distributed With 
Numerous New Deposits Identified. The major new tar 
sand resource estimates of the study include: 

• The tar sand resources of Utah, still the major 
locale of United States tar sands, are estimated 
at 20.1 billion barrels in-place; the measured 
tar sand resource is 11.9 billion barrels, and the 
speculative resource is 8.2 billion barrels. 

• The tar sand resource estimate for California is 
4.7 billion barrels; expansions in the size of 
previously identified deposits, the identification 
of new deposits, and the attractive properties 
of the tar sand reservoirs should make Califor-
nia an important center for tar sand develop, 
m ent. 

• The tar sand resource in Texas is estimated at 
4.8 billion barrels due to the recognition and 
improved definition of three large depo-
sits—the San Miguel D, the Anacacho, and the 
Hensel formations. 

• The Kentucky tar sand resource in-place is 
estimated at 1.7 billion barrels measured, plus 
an additional 1.7 billion barrels speculative, up 
from the previous estimate of less than 50 mil-
lion barrels. 

• Alabama is estimated to have 6.5 billion barrels 
of tar sand in-place, mainly in one large depo-
sit, the Hartselle sandstone of northern Ala-
bama. 

• A major new tar sand/heavy oil area, containing 
about 10 billion barrels of speculative resource 
in-place, has been identified on the North Slope 
of Alaska, overlying the Kuparuk River oil 
field.

Heavy Oil 

The report also tabulated heavy oil deposits. Reservoir 
properties and production histories were identified 
(from publicly available data) for 1,100 heavy oilfields 
and reservoirs in the United States. (Heavy oil fields 
are defined as deposits having an oil gravity between 
l0°API and 200AFI.) The majority of the heavy oil 
reservoirs and fields are in California, with 356 depos-
its; Texas, with 350 deposits; and Arkansas, with 
120 deposits. 

Heavy oil deposits constitute an important and chal-
lenging United States resource target because current 
technologies capture less than 20 percent of the heavy 
oil resource in-place, leaving behind the bulk of the 
resource. 

Key Definitions 

The following definitions are used in the study: 

• A tar sand (or bitumen) deposit is defined as a 
hydrocarbon deposit having an in situ viscosity 
greater than 10,000 cp at reservoir conditions. 
If viscosity data are not available, crude oils 
with gravity of less than 10°API are considered 
to be bitumen. 

• Heavy oil is defined as a crude oil having a 
gravity higher than or equal to 10 0API and less 
than or equal to 200 API. 

• The measured resource is defined as that part 
of the resource which can be deduced to exist 
from well control using core analysis. 

• The speculative resource is defined as that part 
of the resource that is presumed to exist from 
reported tar shows on drillers logs and geologi-
cal interpretation. 

State-by-state summaries of resource follow. 

Alabama 

The major tar sand deposit is in the Hartselle 
sandstone, underlying 2 million acres in northern 
Alabama. The deposit dips from an extensive 
outcrop along the northern edge to a depth of over 
1,000 feet in the central and southern portions. 

Two minor tar sand formations occur locally. The 
Pride Mountain formation contains an estimated 
100 million barrels of asphalt-impregnated sand-
stone and limestone. Scattered occurrences of tar 
seeps and tar-saturated outcrops have been re-
ported in the Bangor limestone, but no resource 
estimate is available. 

The Hartselle and Pride Mountain tar sand outcrops 
have been mined for road paving material since the 
turn of the century, although most mining ceased 
in the 1940s. To date there has been no known 
development of the subsurface tar sand deposits.

- 
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Alaska 

Large amounts of hydrocarbons, including tar sand 
and heavy oil, have been discovered in Cretaceous 
and Tertiary sands overlying the Alaskan Kuparuk 
River field. The estimated speculative resource 
in-place, based on limited well data, is 10 billion 
barrels in an area of 200 square miles. 

A deeper (4,300 foot), richer deposit exists in the 
east where there are two sands. A shallower 
(2,500 foot) and leaner deposit extends to the west 
and contains only one tar-saturated zone. 

The potential for development of the Kuparuk 
River Area Tar Sands is highly speculative at this 
time, as the area has only recently been investi-
gated. 

California 

California's resource occurs in six major and four 
minor tar deposits, distributed as shown in the 
following: 

California Tar Sand Resource In-Pace 
(Million Barrels) 

Measured Speculative 
Major Deposits 

Arroyo Grande 310 - 
Basal Foxen - 1,900 
Cat Canyon 830 280 
Casmalia Diatomite 90 170 
Zaca-Sisquoc 180 50 
Oxnard 500 160 

Sub-Total 1,910 2,560

Minor Deposits 

Loma Verde	 -	 90 
Paris Valley	 -	 70 
Richfield	 -	 40 
Santa Cruz	 -	 10 

Sub-Total	 -	 210 
Total	 1,910	 2,770 

In addition, there are numerous small occurrences 
of tar sand, many in coastal cliffs or as tar seeps 
closely associated with major oil fields. 

The major development efforts of the California 
tar sands (in addition to mining and quarrying for 
paving) have been at the Cat Canyon and Zaca oil 
fields where tar is produced. Several operators are 
utilizing thermal stimulation technology to recover 
over 1,800,000 barrels of tar (in 1981) at Cat 
Canyon, and 628,000 barrels from the Zaca oil field 
(in 1981). Also cyclic steam injection has been 
used at Oxnard and there are plans to initiate a

steam drive in the Vaca tar sand. A pilot project 
at Zaca-Sisquoc utilizing a hot water separation 
system achieved 90 percent recovery of the mined 
tar sand but was not further pursued. 

Kentucky 

Western Kentucky's resource occurs in four coter-
minous formations: 

Kentucky Tar Sand Resource In-Pace
(Million Barrels) 

Measured Speculative 

Big Clifty	 1,190	 910 
Hardinsburg	 230	 190 
Tar Springs	 -	 340 
Caseyville	 300	 250 

Total	 1,720	 1,690 

The major tar deposits are primarily located in 
Edmonson, Bullet, Warren, and Logan Counties, 
with smaller, localized deposits in Breckinridge and 
Grayson Counties. Much smaller deposits of tar 
sand that have not been quantified have also been 
identified in eastern and central Kentucky. 

The tar-saturated sandstones have served as quar-
ries for road asphalt from the early 1900s. Re-
cently, several oil companies have started surface 
and in situ tests to extract tar from the Big Clifty 
and Caseyville sandstone formations. 

New Mexico 

The Santa Rosa sandstone tar deposit covers an 
area of about 18,000 acres in Guadalupe County 
along the Pecos River. Although the Triassic Age 
formation is areally extensive, only a part of it 
contains tar. The top of this tar-impregnated 
interval ranges in depth from outcrops to 170 feet. 

Bitumen-bearing rocks and outcrops are found at 
several other localities in New Mexico, but the 
deposits are small and are estimated to contain 
less than 10 million barrels of resource each. 

The near-surface portion of the Santa Rosa tar 
deposit was mined for road asphalt in the 1930s. 

Oklahoma South Central 

In South Central Oklahoma the two largest depos-
its, Sulphur and Dougherty, are located in Carter 
and Murray Counties and cover over 1,000 acres. 
The tar-impregnated intervals are in Oil Creek 
sandtone and Viola limestone of Ordovician Age. 
Three smaller deposits, Newport, Ardmore, and 
Hewitt, are in Carter County and are primarily in 
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Middle Pennsylvanian sandstone. The exact size of 
the resource is uncertain since the geology of 
South Central Oklahoma is complex. In addition, 
more than 60 occurrences of tar sand-heavy oil 
have been identified in the general vicinity of the 
larger deposits. 

Prior to 1945, the tar sand deposits in the Sulphur 
and Dougherty areas were the site of significant 
quarrying activities, providing about 2 million tons 
of asphalt-impregnated sandstone and limestone 
for road paving material.

The tar-impregnated Warner underlies about 
300,000 acres and the Bluejacket about 
250,000 acres, primarily along the Kansas-Missouri 
border in Bourbon and Crawford Counties in Kan-
sas, and in Vernon and Barton Counties in Missouri. 
In northeastern Oklahoma, the resource is insignif i-
cant. 

Development and production of the tar sand and 
heavy oil resource in the Tri-State area is hindered 
by the unpredictable nature and extent of the 
deposits. Starting in the mid-1960; several com-
panies initiated pilots with limited success. 

Texas	 Utah 

Texas bitumen resource	 occurs in three major The tar sand resource occurs in nine major and 
deposits.	 The San Miguel D sand in Maverick and thirteen	 minor	 deposits, as summarized in	 the 
Zavala	 Counties	 is	 a	 blanket	 sand	 with following table: 
164,000 acres of tar impregnation. 	 The Anacaeho 
limestone contains one major 23,400 acre tar de- Utah Tar Sand Resource In-Place 
posit mainly in Uvalde County and several small (Million Barrels) 
accumulations spread over a larger area. 	 The 
Hensel sandstone covers 8,000 acres in Edwards 
and Real Counties. Measured Speculative 

MAJOR DEPOSITS 
Development has taken place in all of the Texas 
tar sand deposits. Several companies are conduct- Uinta Basin 
ing or planning pilots in the San Miguel 0 sand; the P.R. Spring 2,140 2,230 
Anacaeho limestone has been quarriedsince 1891 Hill Creek 320 560 
for	 road-paving	 material;	 and,	 Shell conducted Sunnyside 4,400 1,700 
small steam injection tests in 1964 in the Hensel Whiteroeks 60 60 
sand. Asphalt Ridge 830 310 

Paradox Basin 
'Fri-State Area of Missouri, Tar Sand Triangle 2,500 420 
Kansas and Oklahoma Nequoia Arch 730 160 

Th	 resource occurs in two formations, the Warner Circle Cliffs Uplift 
and the Bluejacket, distributed as follows: Circle Cliffs 590 1,140 

San Rafael Uplift 
Tri-State Tar Sand Resource In-Pace San Rafael Swell 300 250 

(Million Barrels)
Sub-Total 11,810 6,830 

Measured MINOR DEPOSITS 
Blue- Uinta Basin 

Warner	 jacket	 Total
Argyle Canyon 50-75 

Missouri	 80	 20	 iOO Raven Ridge 75-100 
Kansas	 40	 80	 120 Rimrock 25-30 
Oklahoma .. Cottonwood-Jacks Canyon 20-25 

Littlewater Hills 10-12 Total	 120	 100	 220 Minnie Maud Creek 10-15 
Pariette 12-15 

Speculative Willow Creek 10-15 
Blue- San Rafael Uplift 

Warner	 jacket	 Total
Black Dragon 100-125 
Chute Canyon 50-60 

Missouri	 920	 1,050	 1,970 Cottonwood Draw 75-80 
Kansas	 520	 240	 760 Red Canyon 60-80 
Oklahoma	 - Wickiup  60-75 

Total	 1,440	 1,290	 2,730 Sub-Total - 557-707 
Total 11,870 7,387-7,537
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Because of the great variations in topography in 
Utah, the bulk of the deposits have outcrop or 
surface exposures. Much of the previously pub-
lished tar resource information for Utah has been 
based on extrapolating the data gathered from 
these outcrops and tar seeps to the subsurface. 
The major differences in the resource estimate for 
Utah in this and previous studies stems from the 
assembly of additional data on the extent and 
nature of sub-surface tar accumulations. 

The deposits are generally remote from major 
transportation points in areas of rugged terrain and 
have limited seem to water supply. Thus, devel-
opment has been limited. 

The tar-saturated outcrops of Asphalt Ridge and 
Sunnyside have been quarried for road paving mat-
erial since the turn of the century. 

Shell Oil Company undertook an in situ thermal

steacnflood pilot test at Sunnyside. At Asphalt 
Ridge, several pilot extraction plants have been 
operated by oil companies at various times since 
1972. In 1975 through 1978, the Laramie Energy 
Technology Center of the United States Depart-
ment of Energy experimentally tested steam injec-
tion and combined reverse and forward combustion 
schemes. Numerous exploratory coring progrrns 
have been completed by both public agencies and 
private industry. 

Wyoming 

The major deposit is the 4,600 acre Burnt Hollow 
deposit in northwest Wyoming. The deposit has 
two areas: a northern area at the Burnt hollow 
anticline where tar occurs at about 700 feet, and a 
southern area at Devil's Canyon and Alva Dome 
where the tar is found at 1,000 feet. 

recovery test in the Sunnyside area in 1965. Dur-	 One minor deposit in Wyoming is at Rattlesnake 
ing 1966, Signal Oil and Gas Company conducted a	 Hills. It is estimated to have 45 million barrels of 

speculative	 resource	 in-place	 underlying 

TABLE 2 

DEPTH DISTRIBUTION OF HEAVY OIL FIELDS/RESERVOIRS 
(Depth from Surface, Feet) 

State	 Shallow	 Moderate	 Deep	 Very Deep	 Total 
(0-500')	 (500-2,000')	 (2,000-5,000') 	 (5,Q00') 

Alabama - - 2 3 5 
Arkansas - 20 97 3 120 
California: 

Los Angeles - 12 91 18 121 
Coastal 2 25 49 28 104 
San Joaquin 1 55 65 ii) 131 
Sub-Total 3 92 205 56 356 

Colorado - 1 6 4 11 
Illinois 1 1 - - 2 
Kansas - 4 24 - 28 
Louisiana 1 15 - 8 24 
Michigan - - 4 - 4 
Mississippi - - 9 53 62 
Montana - 2 12 - 14 
Nebraska - - 1 - 1 
New Mexico - 4 8 1 13 
Oklahoma 2 19 17 5 43 
Texas: 

RAC #1 17 46 19 7 89 
RIIC#2 - 8 7 4 19 
RRC#3 - 13 16 6 35 
RRC#4 4 57 15 12 88 
RRC#5 2 2 5 2 11 
BBC #6 1 2 48 9 60 
RRC#7B - 1 - - 1 
RRC#7C 1 4 2 - 7 
RRC#8 3 3 6 2 14 
RRC#8A - - - 6 6 
RRC#9 - 2 11 6 19 
Sub-Total 29 138 129 54 349 

Utah - - - 1 1 
Wyoming 2 11 45 17 75 

Total 38 307 558 205 1,108
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1,500 acres. Beyond these two tar sand deposits, 
there are over seventy reported small surface 
occurrences of petroleum-impregnated rocks and 
oil seeps. 

The development of the Wyoming tar resource has 
consisted of three thermal pilots; two at Burnt 
Hollow and one at Rattlesnake Hills. 

Heavy Oil Fields 

The second part of the report is a tabulation of heavy 
oil fields and reservoirs (ravity equal to or less than 
200API and greater than 10 API). 

The review of published data sources led to the identifi-
cation of 752 fields and 1,108 reservoirs. This data is 
tabulated by reservoir and organized by state (Table 2). 
The two states with the largest number of heavy oil 
reservoirs are California (356) and Texas (349). To-
gether, these states contain 64 percent of the reser-
voirs. 

The heavy oil reservoirs were categorized by four deptt 
classifications, based on the following guidelines: 

• Shallow: 0-500 feet. Reservoirspotentially 
applicable to surface mining as well as conven-
tional in situ thermal techniques. 

• Moderate: 500 to 2,000 feet. Reservoirs poten-
tially, applicable to conventional in situ thermal 
techniques. 

• Deep: 2,000 to 5,000 feet. Reservoirs requiring 
improved in situ thermal techniques. 

• Very Deep: 5,000+ feet. Reservoirs requiring 
new oil recovery technology. 

Thirty-eight reservoirs are shallower than 500 feet, and 
thus potentially recoverable by surface mining as well 
as in situ techniques. Of these reservoirs, 29 are in 
Texas and 3 in California. There are 307 reservoirs 
between 500 and 2,000 feet (California-92 and 
Texas-138) potentially recoverable by conventional in 
situ techniques; 558 reservoirs between 2,000 and 
5,000 feet (California 205 and Texas-129) which will 
probably require advances in technology to be re-
covered; and 205 reservoirs deeper than 5,000 feet 
(California 56 and Texas-54). 

RAND CORPORATION PREDICTS CONTINUED 
GROWTH IN STEAM RECOVERY OF HEAVY OIL 

The Rand Corporation, in its study, "The Heavy Oil 
Resources of the United States," identified and studied 
219 heavy oil reservoirs (80 to 200API gravity) in 89 
significant oil fields in the 48 contiguous states. Heavy 
oil constitutes slightly more than 10 percent of the 
430 billion barrels of original oil in place (001?) in 
those states. Rand estimates 43.8 billion barrels of 
original heavy oil-in-place in the significant heavy oil 
fields. Only another 1 to 3 billion barrels of heavy oil-

in-place remains to be discovered, nearly all of which is 
likely to be offshore California. 

Because most domestic heavy oil resources are in shal-
low structural or combination traps, nearly one-half are 
in fields that were discovered by 1920; nearly all are in 
fields that were discovered by 1950. Most of the heavy 
oil is in high-porosity sandstone reservoirs that are 
conducive to recovering a large percentage of the oil-
in-place. 

More than one-half of the total 001? is in shallow 
pools, i.e., pools less than 2,500 feet deep, qualifying 
for steam drive. Another 14 percent is in pools that 
qualify for cyclic steaming, while 4 percent is in pools 
that qualify only for in situ combustion. Only 10 per-
cent is in pools that do not qualify for any of the three 
thermal recovery technologies (primarily because they 
have highly fractured reservoirs with low porosity and 
lithologies other than sandstone). Rand's calculation of 
the ultimately recoverable oil from various reservoir 
groups, as a percentage of OOlP, varies from 20 to over 
70 percent (Table 1).

TABLE 1 

ULTIMATE RECOVERY PERCENTAGES, BY PRODUCTION 
SCENARIO AND RESERVOIR GROUPS 

The estimated total gross recovery potential from sig-
nificant heavy oil fields is between about 20 and 
25 billion barrels. With recovery prior to thermal 
stimulation at 9.1 billion barrels, the gross incremental 
thermal recovery potential is between 11.1 and 16.8 bil-
lion barrels. More than 3.2 billion barrels of this 
amount have already been realized in steam injection 
projects, leaving 7.9 to 13.6 billion barrels for future 
recovery efforts. More than 95 percent of the incre-
mental recovery potential is attributable to steam 
injection, particularly steam drive. However, because 
the steam used in steam injection will most likely be 
generated by burning lease crude, the net incremental 
recovery potential is probably only 7.1 to 10.7 billion 
barrels. This net could be increased by using solid fuels 
instead of lease crude for steam generation (Figure 1). 

At current emission control levels, and assuming that 
reliable downhole steam generators will be developed, 
nearly all of the incremental steam-drive recovery 
potential is calculated to be economical. Calculated 
prices for in situ combuston, however, indicate a re-
covery technology that is economically marginal.

Ultimate Recovery (Percent) 
Production Scenarios 

Reservoir Groups 001? Low Medium jH igh 
(MM Bbls) 

Surface Steam Drive 21,619 55.5 62.7 72.3 
Downhole Steam Drive 9,840 45.8 50.3 56.4 
Shallow Cyclic Steam 1,736 27.6 33.6 39.6 
Deeper Cyclic Steam 4,341 34.8 38.8 44.8 
In Situ 1,593 48.0 54.1 60.9 
Other 4,443 20.0 22.0 25.0

- 
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FIGURE 1 
RECOVERY/MINIMUM PRICE ESTIMATE 

FOR DOMESTIC HEAVY OIL RESOURCES 
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The study provides three possible scenarios for domes-
tic heavy oil production to 2000. During the 1970s, 
gross heavy oil production in the United States 
remained relatively stable at around 580,000 barrels per 
day, as an increase in production from expanding ther-
mal recovery operations in the San Joaquin Valley was 
offset by declining primary production in the Los 
Angeles Basin. Since 1980, production has increased. 
Rand feels that there are likely to be relatively few 

TABLE 2 

PROJECTED GROSS DOMESTIC HEAVY OIL 
PRODUCTION BY SCENARIO, 1980-2000 

(Thousand Barrels Per Day) 

Scenario	 1980 1985	 1990	 1995	 2000

All Heavy Oil Reservoirs 

Low	 609 742	 792	 768	 693 
Medium	 609	 786	 941	 1,016	 982 
High	 609	 845	 1,108	 1,285	 1,304 

Shallow Steam-Drive Reservoirs Only

Low 392 545 635 643 559 
Medium 392 573 745 826 770 
High 392 612 836 992 981 

Other Reservoirs 

Low 217 197 157 125 134 
Medium 217 213 196 190 212 
High 217 233 272 293 323

FIGURE 2 
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major economic, economic, environmental, or technological con-
straints on developing incremental steam-drive opera-
tions in shallow heavy oil reservoirs, and that gross 
domestic heavy oil production should continue to in-
crease. The range of production resulting from the 
three study scenarios is given in Table 2 and Figure 2. 

UTAH TAKES ACTION ON BITUMINOUS SANDS 
STATE LEASES 

The Director of the Utah Division of State Lands 
recently took formal action regarding bituminous sands 
state leases. These actions involved the following: 

• The total assignment of the bituminous sands 
lease ML 20981-A to John C. Osmond, Nancy 
H. Osmond, Daniel H. Meyer, and Juanita J. 
Meyer, 6212 South Galena Court, Englewood, 
Colorado 80111, by Phillips Petroleum Corn-

339	 SYNTHETIC FUELS REPORT, JUNE 1984 



pany. No override. (Assignment also contains 
quit claim deed from Nancy H. Osmond of her 
Interest to John C. Osmond and Letters Test-
amentary appointing Juanita J. Meyer execu-
trix of the Estate of Daniel H. Meyer, de-
ceased.) 

• When the Vernal Tar Sands Unit was approved 
by the Utah Board of State Lands on March 11, 
1982, one of the conditions of approval was that 
the unit operator, Cities Service Oil and Gas 
Corporation, would spend at least $600,000 in 
exploration work on this unit before the period 
ending December 31, 1983. Cities Service has 
submitted a list of their operations indicating 
that they have spent a total of $3,103,073.66 on 
operations on the unit. This amount exceeds 
the minimum requirement set by the Board; 
therefore, Utah has noted to show that Cities 
Service has complied with this particular provi-
sion of the approval of this unit. 

• The Director approved the Tar Sands License 
Agreement to allow Uintah County to develop 
tar sands on part of SE 1/4 of Sec. 32, T14S, 
R23E, SLB&M., in the Oil, Gas, and Hydrocar-
bon Lease ML 30576 to Uintah County, 
(147 East Main Street, Vernal, Utah 84078) by 
Celsius Energy Company. No override.
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SOCIOECONOMIC 

PETRO-CANADA QUANTIFIED CANADIAN BENEFITS 
FROM OIL SANDS MINING DEVELOPMENT	 In summary, it would appear that substantial industrial 

benefits from the development of mineable oil sands 
A paper delivered at the Heavy Oil and Oil Sands 	 projects would flow to Canada, and very sizeable bent-
Symposium in Calgary attempts to outline the spin-off 	 fits would flow to Alberta. 
benefits from oil sands projects. 

As defined in the paper, Canadian benefits are those 
positive impacts in industrial development, employ-
ment, and social and cultural matters that are gener-
ated across Canada from planning, constructing, and 
operating a large oil sands project. 

Data from the Syncrude and Alsands projects released 
in the 1978 to 1979 period were analyzed and are 
presented in Table 1.

TABLE 1 

HISTORIC PROJECT COST ESTIMATES
SYNCRUDE AND ALSANDS

(1978 Dollars)

Syncrude Alsands 
Project	 Project 

Capital Expenditures (million)	 1,858 3,720 
Canadian Content (%) 	 79 85 
Alberta Content (%)	 61 55 

Operating Expenditures (million) 	 12,000 7,380 
Canadian Content (%)	 • 92 
Alberta Content (%) 	 • 81 

Other Costs (New Town) (million) 820 
Canadian Content (%) 94 
Alberta Content (%) 67 

Total Project Costs (billion) 	 14 12 
Canadian Content (%) 	 * 90 
Alberta Content (%)	 • 72 

No estimate 

These two oil sands projects both forecasted expendi-
tures on the order of $12 to $14 billion over the life of 
the faculty.	 Between 60 and 85 percent of total costs 
have been estimated as operating costs. 

Table 1 reveals that:

• The great majority of investment benefits re-
main in Canada. 

• Most expenditures are for operating costs. 
Given that these expenditures extend over a 
project life of many years, the forecasts of 
Canadian and Alberta content might have been 
conservative. 

• While certain problem areas might exist in 
terms of obtaining major capital equipment 
with maximum Canadian content, those areas 
are minor when the total costs are examined.

Employment benefits would also be significant, espe-
cially in Canada's currently depressed employment mar-
ket. In this environment, job creation has become a 
major concern of both provincial and federal govern-
ments, and private industry. 

Specific policies and programs likely to be included in 
an employment strategy for a major oil sands project 
include: 

Conduct recruitment locally, regionally, and 
nationally; 
Encourage training programs and the transfer 
of skills, knowledge, and technology to Canad-
ians; and 
Ensure that non-traditional sources of workers 
have access to opportunities. 

Given the application of such an employment strategy, 
the expertise gained by Canadians in building and 
operating the Suncor and Syncrude oil sands projects, 
and assuming that an over-heated economy does not 
exist at the time of construction, it may be expected 
that virtually all the direct labor requirements for a 
new project could be met from within Canada. 

Permanent staffing levels during operations of a mine- 
able oil sands project can be expected to reach three to 
four times that of other oil and gas projects with 
approximately the same capital expenditures. 

Whereas "direct" employment is associated with the 
construction and operation of the project itself, "indir- 
act" employment is generated by firms which sell to or 
purchase from the project, and "induced" employment is 
generated by the consumption spending from the in-
come of those directly or indirectly employed. 

Based on multipliers developed by Energy, Mines, and 
Resources Canada for various occupations, Syncrude 
estimated that the impact of that project in generating 
permanent indirect and induced jobs could be quantified 
by use of a national employment multiplier of 4.38. 
Similarly, Syncrude described the project's impact on 
permanent jobs in the Fort McMurray area by adopting 
a regional employment multiplier of 2.07. Thus in 1978, 
Syncrude estimated that: 

• The 3,800 permanent Syncrude positions, in-
cluding those located in Edmonton, would result 
in a total permanent employment increase of 
16,660 jobs across Canada (3,800 direct and 
12,860 indirect jobs); and 

• By 1991, the expected 3,300 permanent jobs 
located in northeast Alberta would result in a 
total employment increase of 6,800 jobs in Fort 
McMurray (3,300 direct plus 3,500 indirect).

- 
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These multipliers have subsequently been considered 
conservative. 

The paper points out that, in addition to providing 
opportunities for industrial development and employ-
ment, investments in energy resource projects can also 
provide opportunities for regional and local benefits. 
However, careful planning is necessary to ensure that 
any negative impacts are mitigated. 

Petro-Canada, in its current activities, focuses its 
efforts on the following three methods: 

• Social and economic research to aid in the 
predicton of impacts. 

• Social and business development assistance. 

• Assistance in employment and training for local 
people. 

These methods are particularly applicable in northeast 
Alberta which is a sparsely populated region, with 
limited infrastructure, and home to several communi-
ties of Native people. 

Both employment and business development opportuni-
ties are among the benefits Native people may derive 
from oil sands projects. To date, Petro-Canada has 
been able to implement two significant policies and 
programs for Native people in northeast Alberta. A 
Trappers' Compensation Policy has been developed and 
used successfully to compensate local trappers im-
pacted by exploration activities. A local employment 
program has also been developed and has resulted in a 
significant share of employment for local Native resi-
dents in a winter field work program. Canstar is also 
presently developing a Regional Benefits Policy to 
address employment and business development oppor-
tunities for local and Native people. 

The conclusion of this paper is that opportunities for 
substantial benefits exist for Canadians and Canadian 
business, particularly in Alberta, from the development 
of oil sands deposits. Unlike the bust and boom phases 
accompanying many other types of oil and gas develop- 
ment, oil sands projects generate sizeable expenditures 
and require a large work force. Placed in the context 
of today's economy, capital expenditures for goods and 
services during development and construction phases 
can constitute a much needed stimulus for economic 
activity in Alberta and other regions of Canada. Even 
more importantly, oil sands projects ensure stable em-
ployment and business opportunities over long operating 
life cycles. 

PSSO OUTLINES COLD LAKE PROJECTS LOCAL 
BENEFITS PROGRAM 

In a presentation to the Heavy Oil and Oil Sands 
Symposium in Calgary in -February 1984, G. G. Clarke 
of Esso Resources Canada, Limited outlined the differ-
ences in socioeconomic approach between the current 
phased-development project and the earlier mega-proj-
ect plans.

In mid-1983, Esso applied to the Alberta Energy Re-
sources Conservation Board to proceed with the Cold 
Lake Project on a phased basis. The Cold Lake Mega-
Project had been suspended in 1981. The phased ap-
proach will implement the project in a series of smaller 
plants, ultimately achieving the same production levels 
as had been previously proposed. The Mega-Project was 
forecast to have a significant impact on the local 
environment, including the socio-economic structure of 
the area. 

The phased approach will result in the impacts being 
spread over a much longer period. As a result of 
allowing time for adjustment, many of the impacts 
which relate to size and sudden growth may never 
occur. 

Clarke explained that Esso's local benefits program is 
driven by a recognition that doing business locally and 
hiring locally is in the long-term interests of all con-
cerned. 

Each phase is designed to produce 1,500 cubic meters 
per day of bitumen and represents Esso's view of a 
minimum-sized stand-alone unit. Project construction 
began in September, and completion is expected by the 
third quarter of 1985. 

The capital investment for the original Cold Lake 
Project was forecast to be between $12 and $14 billion, 
whereas the new project is forecast to be something 
under $300 million. 

The original project would have taken approximately 10 
to 12 years to complete and would create bitumen 
production on the order of 25,000 cubic meters per day, 
while the Phases I and II will take 2 years to construct 
and will create about 3,000 cubic meters in production. 

Socio-economic impacts are heavily related to peak 
workforce. Initially, the number of workers were 
estimated to be between 8,000 and 10,000 for construe-
tion and 2,000 to 3,000 for operations, while the new 
Phases I and H are estimated to require about 400 to 
100 workers for construction and approximately 90 for 
operations and drilling support requirements. 

Thus the Socio-economic Impact Assessment, which was 
approved for the Cold Lake Project, provided extensive 
socio-economic data and predicted the projects poten-
tial impacts. Although many of these impacts can still 
occur in Phase I and II, the reduced scale and shorter 
construction period will keep these impacts at a more 
easily managed level. 

According to Clarke, much of the socio-economic im-
pact management related to population growth, hous-
ing, transportation, medical services, recreation, and 
social services was prebuilt for the Mega-Project, or 
else plans were established to manage any impacts 
when and if they occur. The major current effort, 
therefore, is being conducted in the area of employ-
ment and business opportunities. 

Manpower requirements and skills information are being 
provided to governments and local communities to 
allow them to define training needs. Other action

- 
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includes interviewing graduates of local training can-
ten, providing on-the-job support services, orientation 
programs for new employees, and cross-cultural coun-
selling for supervisors. 

Another way to provide employment benefits is to 
provide opportunities for local businesses to partici-
pate. To encourage the involvement of local business, 
Esso has held local seminars which detailed the pro-
ject's procurement and contracting policy and described 
the bid process, bid documents, contracts, and purchase 
orders. 

The plant contractor is being encouraged to sub-divide 
work into smaller packages that are more compatible 
with the i!apabilities of local business. Esso has already 
sub-divided a number of drilling and related service 
contracts. 

Both Esso and the major contractors will provide statis-
tical information on the number of local people em-
ployed, the communities in which they reside, purchases 
from local business, development activities with local 
businesses, etc. Thus, the change in scope of the 
project now allows Esso to speak In terms of channeling 
local benefits rather than in mitigating local impacts.
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STATUS OF OIL SANDS PROJECTS 
(Underline denotes changesslnce March 19841 

COMMERCIAL PROJECTS 

BATFRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. (T-135) 
Mobil Oil Canada initiated dry combustion in 1985 andconverted to wet combustion In 1978. This ongoing 
field project presently has nine burns and 133 production wells. 

Project Cost:	 Not Disclosed 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (T-06) 

California Tar Sands is developing a downhole hydraulic mining system whereby oil sands occurring at depths 
from109 to 600 feet will be mined using a hydraulic mining tool. Bitumen will be extracted from the sand 
using a surface removal process. Construction of the tool will commence inthe second quarter of 1984, and 
Initial mining operations will commence within six months thereafter. Operations will take place in - 
California and Canada.	 - 

Project Cost:	 Not disclosed 

CANSTAR Nova - An Alberta Corporation, Petro-Canada (T710)  

An oil sands mining complex is planned on a site in the Athabasa deposit LAlbérta Natives has an option for 
up to 10 percent interest in the project. Plans to submit a regülatoir appliêatlóñ for approval have been 
indefinitely deferred. Project planning work continues. 

Project Cost: 	 Not yet determined 

CHAPARROSA RANCH TAR SANDS PROJECT - Chaparrosa Oil Company (1-13) 

The Chaparrosa Oil Company is proposing a project to use steam-drive technology to produce tar from the 
San Miguel tar sands formation in Zavala County, Texas. Initial production from the one 5,000 barrels per 
day module proposed is scheduled to begin in the first quarter of 1986. Conoco's fracture-assisted steam 
technology will be licensed for the project. Price and loan guarantees are requested from the United States 
Synthetic Fuels Corporation under the third solicitation. The project passed both the SFCs 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 SEC assistance. 

Project Cost: 	 Not disclosed 

COLD LAKE PROJECT - Esso Resources Canada Limited (T-20) 
Esso Resources Canada applied to the Alberta Energy Resource and Conservation Board (AERCB) for a 
revision to its previously requested rnegaproject at Cold Lake. The revised application calls for a phased 
project, beginning with two phases each producing 1,500 cubic meters per thy of bitumen. The AERCB called 
a one and one-half thy hearing on the application and passed its favorable recommendation to the Alberta 
Government. Final agreement between Esso and the federal and provincial governments was announced on 
September 20, 1983. Detailed engineering, procurement, and project management will be contracted to Delta 

Project Cost:	 $300 million 

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 40 miles west of 
Bakersfield. 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. No more than 350 acres would be open at any 
given time. Two extraction processes, the Dravo solvent extraction method and a Lurgi-Ruhrgas retort, are 
being tested in pilot plants. Both pilots have been completed at an estimated $40 million. The Dravo plant is 
designed to process about 250 tons per thy of diatomite ore to produce 160 barrels per day of 130 to 140API 
gravity, 1 percent sulfur content oil. Getty modified the system to replace extractors with hydro-cyclones 
and centifuges. Modifications have been completed and the pilot plant is operating. The Lurgi pilot plant is 
designed to process about 250 tons per thy of we to recover 150 barrels per thy of oil. Field tests were 
completed in April 1983 and the plant has been shut down. However, the Dravo plant will be operated for 
several months to develop sufficient data for Getty to make a selection for a full-scale plant. Project life 
for the commercial plant is estimated to be 48 years, with approximate average crude oil production of 
30,000 barrels per thy throughout the life of the project. Getty estimates crude oil produced from the 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1984) 

COMMERCIAL PROJECTS (Continued) 

project will average 13 to 18 0 API gravity. An estimated 832 million barrels are thought to be in place. 
Commercial plant start-up is tentatively scheduled for 1989. 

Project Cost:	 Undetermined at this time 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (T-21) 

Due to government tax and price agreements, in Spring 1984 Amoco announced it was starting a project to be 
located near Elk Point, Alberta. The three-phase program will recover bitumen from the Lower Cumings 
formation of the Manville Group at a depth of approximately 2,130 feet. Approximately 152 million barrels 
of oil may be ultimately recovered by the project. 

In the first phase, Amoco will drill 60 wells and build a steam generation plant and an oil cleaning facility. 
This phase, estimated to cost $50 million (Cn), will be completed during 1984. In late 1984, Amoco will begin 
testing several thermal recovery methods. 

As the successful methods are applied commercially, production is estimated to peak at over 26,000 barrels 
per day in 1995. The production rate will remain at 22,000 barrels per day for nine years, than decline until 
2010 and beyond. More than 1,000 wells are expected to be drilled at a cost of approximately $1.8 billion 
(Cn). 

Project Cost:	 See above 

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 in Butler County, Kentucky in the Beech Grove Pool deposit. Each acre will have 
one injection well and two shallower production wells. Production is projected to be 2,000 barrels per acre 
per year. Production on a first grid was scheduled to start in September 1984. 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. The company is seeking an industrial partner to 
help cover development costs. 

Project Cost:	 Not disclosed 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 
Greenwich Oil ComDanv, is oroDosin2 a orolect whit, 

quarter 1aq.' Loan ana price guarantees are requested trom the United States Synthetic 
,n under the third solicitation. The project passed both the SFC's project maturity and 
evaluations. On April 5, 1984 the SFC Board notified the Deoartment of the Treasur y to set 

Project Cost:	 Estimated $42.5 million 

HOP KERN RIVER COMMERCIAL DEVELOPMENT PROJECT - Ladd Petroleum Corporation (T-310) 

A project to produce heavy oil from a 225 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. Water will be removed from 
product oil, but other upgrading will be done by the oil purchasers. 

A Demonstration Unit has been constructed on an additional 25 acres in the center of the project site. Start-
up occurred in July 1982, and regular operation began in November 1982. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1984) 

COMMERCIAL PROJECTS (Continued) 

Loan and price guarantees have been requested of the Synthetic Fuels Corporation for the project, which was 
selected for Phase U consideration under the SFC's Second Solicitation. The SEC signed a letter of intent in 
February 1983 with the project sponsors. 

On February 24, 1984 the SFC announced that the project had been moved from the second to the third 
general solicitation. On April 5, 1984 the SEC requested the Department of the Treasury to set aside 
$100 million for the project. 

Project Cost:	 Estimated at $15 million total 

KENTUCKY TAR SANDS PROJECT — Texas Gas Development Corporation (T-33) 

The Kentucky Tar Sands project is sponsored by Texas Gas Development Corporation and is located in 
northeastern Logan County. It will employ the Dravo Solvent Extraction Process for tar sands. It will 
produce 5,000 barrels per day of heavy crude oil, with construction scheduled to begin in early 1985. A 
200 tons per day pilot plant was completed February 1983 with start-up mid-March 1983. The plant 
successfully operated through October 10, 1983. The pilot is available to other parties for test. Owner is The 
Cresset Corporation, a wholly-owned subsidiary of Texas Gas Development Corporation. A proposal was 
submitted January 10, 1983 to the United States Synthetic Fuels Corporation for financial support for the 
5,000 barrels per thy commercial plant. The proposed commercial project was advanced to Phase II 
negotiations by the SFC on June 30, 1983. On April 5, 1984 the SEC Board directed the Department of the 

Project Cost:	 Not disclosed 

PORTA-PLANTS PROJECT - Porta-Plants, Inc. (T-36) 

Porta-Plants, Inc., is proposing a project new Roosevelt, Utah to produce 1,000 barrels per day of bitumen 
from high-grade Utah tar sands utilizing an optimized hot water disengagement and selective cohesion 
process. The first phase (for which SEC assistance was not requested) involves construction of a 10 barrels 
per thy plant to be operational in 1984. Superior yields have been proven. A heavy oil upgrading process has 
not been chosen. Processes being considered include: Dynacracking, ART, and hydrotreating. Construction 
of the 1,000 barrels per thy facility would follow on 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. Production costs will be $12.92 per 
barrel including operation and equipment. 

Project Cost:	 10 barrels per thy Plant: 	 $ 3,000,000 
100 barrels per thy plant:	 $ 7,000,000 
1,000 barrels per thy Plant:	 $27,500,000 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (T-38) 

Dome Petroleum Ltd., plans to build a 25,000 barrels per thy oil sands plant north of Cold Lake. 

The project, an in situ plant, would be built on leases held by the Alberta Energy Copany in the Primrose Lake 
area of northeastern Alberta. Satisfactory royalty terms must first be negotiated, and the government must 
approve the plans for the project. 

Project Cost:	 Not disclosed 

SANTA ROSA OIL SANDS PROJECT - Solv-Ex Corporation (T-570) 

A project to recover 4,000 barrels per stream thy of oil from a deposit in Santa Rosa, New Mexico. A small 
open-pit mine was to provide 13,000 tons per day of ore to the extraction plant, employing the Solv-Ex 
modified hot water/solvent extraction technology. Solv-Ex has operated a 25 barrels per day 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 barrels per day plant. Stage ill was to be start up of the plant to reach 
design capacity and Stage IV is the operation at capacity. Commercial operation was to begin in July 1986. 
A letter of intent for price and loan guarantees was received from the SEC on December 2, 1982. 
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COMMERCIAL PROJECTS (Continued) 

Based on the res1ts of the drilling program in Santa Rosa, the project sponsors announced on December 14, 
1983 that they were withdrawing the project from consideration for possible funding by the SFC. The 
decision was based on an evaluation of the Santa Rosa resources compared to other similar oils sands 
resources in North American. Solv-Ex will now concentrate its efforts on tar sand deposit in Utah and 
Alberta, Canada. The company will maintain its pilot plant in Albuquerque for testing of the Utah and 
Canadian deposits. 
(Refer to the P.R. Springs R & D project.) 

Project Cost:	 Not disclosed 

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 worlds first refinery designed to use exclusively synthetic crude oil as feedstock, to 
be built northeast of Fort Saskatchewan in Stratheona County. 
Initial capacity will be 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per 
thy. 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 thy 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 percent owned by Nova, an Alberta 
Corporation) decided to end the joint venture, leaving Shell with 100 percent 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 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. 
Construction of the refinery in 1983 progressed to 75 percent completion, with all of the major equipment in 
place. It is anticipated that the plant will be completed on schedule during the summer of 1984. 
Project Cost:	 $1 billion (Cdii.) total final cost. 

SUNCOR, INC. (formerly Great Canadian Oil Sands, Ltd.) - Ontario Energy Resources Ltd. (25 percent), Sun Oil 
Co. (72.8 percent), publicly (2.2 percent) (T-50) 

Commercial oil sands plant located in the Athabasca bituminous sands deposit 30 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 shipped to Edmonton for distribution. With completion of an expansion in 1981, the facility's 
capacity was increased to 58,000 barrels per thy. 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, and a 
250,000 pounds per hour gas-fired boiler. In late July 1982 SuncorInc. 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. 
From April 1979 to November 1980 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 thy (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 ranged from $38 to $45 per 
barrel (Canadian).
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COMMERCIAL PROJECTS (Continued) 

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 three major groups: Resources Group, Sunoco Group, and Oil Sands Group. 
The Resources Group is sub-diviZTnto three divisions: Exploration, Production, and Resources Develop-
ment. The Sunoco Group refines and markets petroleum products. The Oil Sands Group is explained in the 
previous paragraphs. 

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 1987. 

Project Cost:	 (see above) 

SUNN YSIDE TAR SANDS PROJECT - Great National Corporation and Standard Oil Company of California (T-590) 

A 240 tons per day (120 barrels per thy) tar sands pilot employs ambient water flotation concentration 
followed by solvent extraction (developed by the University of Utah). Start-up was in March 1982 and 
operations will continue until construction of the commercial facility begins. The company has 2,000 acres in 
the Sunnyside deposit of Utah. The sponsors have applied to BLM for conversion of the Sunnyside oil and gas 
leases to combined hydrocarbon leases. A final EIS concerning the application is scheduled for completion in 
early 1984. The company has contracted 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 SFC'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 project maturity and strength 
evaluations and was advanced in Phase II negotiations for financial assistance. However, on April St 1984 the 
SFC announced it had dropped the project from consideration. In the first commercial phase, 1,500 barrels 
per day would be produced with ultimate expansion up to 35,000 barrels per day in a second phase. 
Construction of the first phase was to begin In the first quarter of 1984, with initial production estimated for 
late 1987. Peak production would be attained In 1992. 

Project Cost: 	 $1 billion for ultimate 40,000 barrels per day facility 

SYNCRUDE CANADA, LTD. - Alberta Energy Company (10 percent); Alberta Oil Sands Equity (16.74 percent); 
Canadian Occidential Petroleum Ltd. (13.23 percent); Esso Resources Canada Limited (25 percent); Gulf Canada 
Resources Inc. (9.03 percent); Hudson's Bay Oil and Gas Co., Ltd. (5 percent); PanCanadlan Petroleum Limited 
(4 percent); Petro-Canada Ventures Inc. (17 percent) (T-60) 

Located neat Ft. McMurray, the plant has an allowable production of 109,000 barrels per calendar day and has 
been in early stages of production since July 31, 1978. Mining—electric draglines; extraction—hot water 
flotation process; upgrading—two fluid cokers. Canadian Bechtel Ltd. was managing contractor. In 1979, 18 
million barrels of synthetic crude were delivered. Production in 1980 was over 28 million barrels; production 
in 1981 was over 29.7 million barrels. The 1982 production figure is 31.33 million barrels, and 1983 is 
40.8 million barrels. AU major equipment is in place and operational; four draglines and four bucketwheels 
working. Syncrude's staff is now 4,200. A 5-year, $1.2 billion capital investment program underway will 
increase plant capacity to 129,000 barrels. 

Project Cost:	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - BP Canada Exploration Ltd. and Petro-Canada (T-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake 
commercial oil sands project (a joint venture between 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 LaCE was 
approved in September 1982. An EPC contract for the Central Plant was awarded to Saturn Process Plant 
Constructors Ltd., in August 1983. Engineering is underway, all major equipment is ordered, and construction 
of tank and certain other foundations started. Detailed engineering for the offsites is complete. Drilling of 
wells began October 15, 1983 and is progressing on schedule. An estimated 1,200 wells will be needed over 
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COMMERCIAL PROJECTS (Continued) 

the expected 25-year life of the project. Because the site consists mostly of muskeg, the wells will be 
directionally drilled in clusters of 20 from special pads. The 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 
indicated that during the early years of the project the province will levy only a nominal royalty. This 
royalty initially could be as little as 1 percent, possibly increasing to as much as 30 percent of net profits 
once the project sponsors recover their investment. 
(Also see Marguerite Lake Phase A Pilot and Marguerite Lake B Unit Experimental Test.) 

Estimated Cost: $200 million (Cdii) 
(Additional $150 million over 25 years for additional drilling) 

R&D 

ANZAC PILOT PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Amoco Canada 
Petroleum Company, and Petro-Canada Inc. (T-85) 

The purpose of this pilot project to be located near Anzac, Alberta is to evaluate the commercial feasibility 
of bitumen recovery from deeply buried deposits. Steam flooding with additives of the McMurray oil sands 
zones will be tested In the pilot which began in Spring 1984. The first phase is scheduled to last four years at 
a cost of $22 million (Cn). AOSTRA has a 75 percent interest in the project, while Amoco and Petro-Canada 
are each 12.5 percent participants. Other companies are invited to join the project. 

Project Cost:	 $22 million (Cn) 

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 Ilappauge, 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 tom of tar sand per day. 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 

ASPHALT RIDGE PILOT PLANT - Enercor, Mobil, University of Utah (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 thy pilot plant. 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 to 
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 percent 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 involves testing ore from other areas of P. R. Springs and Sunnyside 

Project Cost:	 Estimated at $1.5 million
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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 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 barrels per day 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 barrels per thy 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 by the end of 1984 to proceed with Phase II, the construction and operation of the pilot plant. 

Project Cost:	 Undisclosed 

ATHABASCA IN SITU PILOT PROJECT - Alberta Oil Sands Technology and Research Authority, CDC Oil and Gas, 
Ltd., Tenneco Oil of Canada, Ltd. (1-130) 

The CDC/TECAN steamflood pilot commenced operation during December 1981 in one of its two patterns. 
The first pattern consists of 6 producers, 7 injectors, 8 observation wells inside the pattern and 3 outside the 
pattern, 3 water source wells and 3 water disposal wells. Consideration is being given to starting up the 
"modified" second pattern in 1984. The modification will consist of four new wells drilled to form a single 
9-spot pattern with 8 producers and 1 Injector. There will be 2 observation wells inside the pattern and 4 
outside the pattern. 
Results to date from the first pattern operation have been encouraging. Tracers injected with the steam 
have been used to confirm reservoir fluid flow. 
The Alberta Oil Sands Technology and Research Authority (AOSTRA) has acquired a 12.5 percent interest in 
the first pattern plus the associated plant and field facilities as of March 31, 1983. The final agreement is 
near completion. 

Project Cost:	 $45 million (estimate) 

BEAVER CROSSING THERMAL RECOVERY PILOT — Chevron Canada Resources Limited. (T-140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 
1975. ERCB approval No. 2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the 
recovery of crude bitumen from the Cold Lake Oil Sands Deposit This approval was amended to locate the 
pilot in Section 31-61-1 W4. Construction began in early May 1977 with operation commencing in March 
1978. Approval was further amended in November 1981 to convert to drive operation and extend expiration 
to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature 
observation wells. A steam drive-producing well stimulation procedure is followed utilizing a 25 million ETU 
per hour generator. 

Project Cost:	 $11 million to end 1983 (actual) 

BLOCK ONE PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, Petro-Canada, Ltd, Shell Canada 
Resources, Suncor, Inc. (T-150) 

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 barrels per day. 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 (Cat.) 
Phase B $25 million (Cat.)
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BURNT HOLLOW TAR SAND PROJECT - Glenda Exploration & Development Corporation, Kirkwood Oil & Gas 
Company (T-160) 

A 7.5-acre pilot project for in situ recovery of oil from the Burnt Hollow tar sand deposit new Devils Tower 
in Crook County, Wyoming. A steam drive process was 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 mot 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 

CANMET HYDROCRACKING PROCESS - Canada Centre for Mineral and Energy Technology (CANMET), Petro-
Canada, and Partec Lavalin Inc. (T-175) 

Based on the results of bench scale and pilot plant studies, a novel hydrocracking process has been developed 
at CANMET for the upgrading of bitumen, heavy oil, and residuum. This CANMET Hydrocracking Process is 
effective for the processing of heavy feedstocks with conversion of 90 weight percent of the pitch to 
distillate boiling below 524°C. (Pitch Is defined as material boiling above 524°C.) An additive has been 
developed for the CANMET Hydrocracking Process which acts as a demetallation, desulfurization, and 
hydrogenating agent. High asphaltene conversions are achieved with the CANMET additive at moderate 
pressures and temperatures. Only moderate H2 consumption at moderate pressure is required to achieve high 
levels of asphaltene and pitch conversion. This is attributed to the additive which primarily functions as a 
hydrocracking catalyst with a moderate desulfurization activity. Smooth and continuous pilot plant 
operations have been achieved with the CANMET additive. 
In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working 
partnership with Parise Lavalin Inc., a Canadian engineering company, for the marketing of the technology 
and the design and construction of a 5,000 barrels per stream day demonstration plant at the Petro-Canada 
refinery in Montreal. The demonstration plant is scheduled for completion in mid-1985. In addition, a five 
year it & D program has been implemented jointly by CANMET, Petro-Canada, and Partec Lavalin Inc., on 
the further development and commercialization of the CANMET Hydrocracking Process. 

Project Cost:	 Not disclosed 

CEDAR CAMP TAR SAND PROJECT - Enercor, Mono Power (T-190) 

Conceptual project to include a 50,000 barrels per day (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 barrels per thy plant are estimated, but not yet confirmed by an actual coring program. 

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 Lloydmirster. 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. Favorable results have been achieved with 
completion of the first injection-production blowdown cycle. Steam injection resumed in October 1983 for 
commencement of the second cycle. 

Project Cost:	 $34 million (Cdn.) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (T-205) 
Anapproval has been granted by the ERCB to carry out two single-well "huff and puff" tests at Charlotte 
Lake. Discussions with partners continue regarding participation in these tests. Canadian Worldwide holds a 
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Project Cost:	 $1.5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (T-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the 
Circle Cliffs Special Tar Sand Area, excluding lane within Capitol Reef National Park and Glen Canyon 
National Recreational Area. 

Project Cost:	 Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 
A stratigraphic test program 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 

• ENPEx SYNTARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil 
Company, N. H. Whittier Corporation - Limited Partners; ENPEX Corporation and Ray M. Southworth - General 
Partners) (T-260) 

ENPEX Corporation is currently operating Texas Tar Sands, Limiteds 400 barrels per day San Miguel tar 
sands recovery project. The project has been on-line since January 1984 and has produced San Miguel tar at 
rates of about 500 barrels per thy. The project utilizes a 50,000 pound per hour fluidized bed coal combustor 
to provide steam for a steam drive process. 

ENPEX is negotiating with the United States Synthetic Fuels Corporation for an award which will provide for 
scale-up of the existing facility to 800 barrels per thy. 

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 4500 BOPD with productivity around 
700 barrels per day 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 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 debottlenecked the existing facilities to increase the capacity to 
15,800 barrels per thy. The cost of this expansion was $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. 
(See Cold Lake in commercial projects listing) 

Project Cost:	 $200 million
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EYE HILL IN SITU STEAM PROJECT - Canada Cities Service, Ltd., Canadian Reserve Oil and Gas Ltd. and Murphy 
Oil Company Ltd. (T-280) 

The experimental pilot is located in the Eychill 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 fully on stream. 
Partial funding for this project was provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The 
pilot was given the New Oil Reference Price as of April 1, 1982. 
The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 
feet. Oil gravity is 14.3 0API, viscosity 2,750 Cp at 70 0F, porosity 34 percent, and permeability 6,000 nd. 

Project Cost:	 $13.7 million 

*FT. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (T-290) 
Canadian Worldwide Energy Ltd. and Suncor, Inc., are developing heavy oil deposits on a 4,960 acre lease in 
the Fort Kent area of Alberta. This oil has an average gravity of 12.5 API, and a sulfur content of 
3.5 percent. 
A total of 118 production wells are included in this project, with a current production level of 3,300 barrels 
per thy. Canadian Worldwide holdsa 50 percent working interest in this project, with Suncor Inc. as the 
operator. The project utilizes a combination of huff and puff, and steam drive. The potential for additional 
expansion of the project is being evaluated. 
Ultimate recoveries are anticipated ot be approximately 21 percent. Additional engineering work is 
underway to determine the feasibility of increasing this recovery. The major activity in this area comprises 
laboratory studies to evaluate the effect of steam additives such as carbon dioxide. This first phase is 
expected to cost $1.2 million; however, due to participation by AOSTRA and the Alberta Government 
Industry Access Program, Canadian Worldwide's share of the cost is reduced to $135,000. Completion of this 
experimental work is expected in mid-1984, at which time a decision will be made regarding the installation 
of a pilot project to evaluate the process under field conditions. 

Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 
5 percent. 

Canadian Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

Project Cost:	 See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 

Mobil operates a pilot in the watered-out Pcsterton 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 so that meaningful results can be obtained by 1988. 

Project Cost:	 Not Disclosed 

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 was 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 and of 1984. 
At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age 

Project Cost:	 Not disclosed
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INTERNATIONAL HYDROCARBON TAR SANDS PROJECT - International Hydrocarbons Inc. (T320) 

Tar sand recovery project located in Grand County north of Green River, Utah (T21S RISE). 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 ruining will be applied to 
produce up to 60,000 barrels per thy. Negotiations are underway for the prime construction contractor. 
Construction was scheduled to begin in 1983 and be completed in 3 to 5 years. 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 - Alberta Energy Company and Petro-Canada (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 new 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 Company (a partnership consisting of KSA Resources, Pittston Petroleum, 
Ward Douglas, and Westken Petroleum) (T-340) 

In May 1981 the Kensyntar Company was formed, the principals being Pittston Synluels (managing partners), 
KSA Resources, and Ward Douglas. Westken Petroleum was named operating contractor. Keinyntar acquired 
a 19,000 acre lease-hold in Edmonson County, Kentucky and has developed 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 Company on this project. The pilot project employs an in situ wet combustion 
technique in which steam is injected into the center well followed by air Injection. The pilot drilling pattern 
has been operational since February 1982 and produced over 6,400 barrels of oil through April 1983. 

Assuming favorable recovery and economic data the Kensyntar Company developed plans for a 10,000 barrels 
per day commercial facility in Edmonson County producing 10,000 barrels per day of refinery feedstocks and 
heavy asphalt-type materials. Loan and price guarantees we requested from the United States Synthetic 
Fuels Corporation (SFC) for the project, which was in Phase II consideration under the SFC third Solicitation 
until October 1983, when it was dropped for reasons of sponsorship structure. Project cost was $150 million. 

An alternative privately-financed project is under consideration. This would initially involve a 1,000 barrels 
per thy production facility at an estimated cost of $20 million. 

Project Cost:	 see above 

LETC 'N-iS, 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 
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, and a 9 well expansion will be completed in June 1984 that will add 
two more seven spots to the pilot. Oil gravity is 10°API and has a viscosity of 102,500 Cp at 70?. Porosity is 
33 percent and permeability is 2500 md. Separation of the water from the oil emulsion became a severe 
problem when steam drive was started. Became of this problem, the project was shut-in from August 1982 
until February 1983 while a new design of emulsion dehydrater was installed. The new dehydrater was started 
up on February 3, 1983 and was very successful.
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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 percent of the battery facilities are completed. 
Air was injected into one pattern to facilitate sufficient burn volume around the wellbore prior to switching 
over to enriched air injection in July 1982. The surrounding production wells have shown some response to 
the fire flood scheme resulting in average well ratesof 10.0 m 3/D/well versus 6.0 m 3 /D/well under primary 
production. 

Project Cost:	 $22 million 

MARGUERITE LAKE PHASE A PILOT - Alberta Oil Sand Technology and Research Authority - 50 percent; BP 
Exploration - 20 percent, Dome Petroleum Ltd. (formerly Hudson's Bay Oil and Gas) - 17.5 percent; PanCanadian 
Petroleum Ltd. - 12.5 percent (T-390) 

B? Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 
whereby Hudson's Bay and PanCanadian joined OP in a pilot in situ project to produce 900 barrels per day 
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: B? Canada (20 percent), Hudson's Bay Oil and Gas (17.5 percent), 
PanCanadian Petroleum (12.5 percent). 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 scheduled for 1985. Preliminary testing of the in situ combustion stage began in 
several special test wells located immediately adjacent to the main pilot wells. The project is using oxygen 
injection in place of air injection in the main pilot, although air injection continues with encouraging results 
in the "out-of-pattern" test wells. Oxygen injection was successfully tested on an experimental basis in 
March 1983, and the main pilot area converted to oxygen injection in October 1983. (Sec Wolf Lake Project 
listed in commercial projects.) 

Project Cast:	 $44 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sand Technology and Research Authority - 
33-1/3 percent; OP Exploration Canada - 33-1/3 percent; Petro-Canada - 33-1/3 percent (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 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. An extension of the mid-1984 project deadline is current under review. (See Wolf 
Lake Project listed in commercial projects.) 

Project Cast:	 $2.9 million (Canadian) 

MEOTA STEAM DRIVE PROJECT (North Battleford Heavy Oil Project) - Canterra Energy Ltd., Saskatchewan Oil 
and Gas Corporation, Total Petroleum Canada Ltd. (T-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 steamdrive expected by mid-1984. Steam for the project is provided by a 
20 million BTU per hour Natco generator, a 25 million BTU per hour Thermosludge steam generator, and a 
50 million BTU per hour Thermotics generator (installed during winter of 1982/1983). 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 Cast:	 The Saskatchewan and Canada (Federal) Governments contributed $1.5 million in funding 

assistance during 1977 and 1978.

3-55	 SYNTHETIC FUELS REPORT, JUNE 1984



STATUS OF OIL SANDS PROJECTS (Underline denotes changes since Mardi 1984) 

R & D PROJECTS (Continued) 

* MINE-ASSISTED PILOT PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (T-410) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process 
unit. The project will involve drilling two parallel vertical shafts. Horizontal tunnels off the shafts will 
allow drilling of access wells to permit heated bitumen to flow by gravity into the tunnels. 
Norwest Resources Consultants has been working on a design study fo AOSTRA involvinga mine shaft and 
tunnel pilot project. A test site has been selected 12 miles west of Syncrude. Reserves on the lease are 
estimated at 325 million barrels. More drilling is planned in 1984 to expand the data base. Construction of a 
22 mile access road started early in January 1984. 
AOSTRA has budgeted $42 million for the test over a four year period. A technical report on access, drilling, 
and processing is to be ready for AOSTR.A to make an industry presentation in April or May 1984, and solicit 
industrial participation. 

Project Cost:	 See Above 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (T-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 
cubic meters per day per well to 7 cubic meters per thy per well under primary production. 

Project Cost:	 $20 million 

MURIEL LAKE PROJECT - Canadian Worldwide Energy Ltd. and others (T-435) 

Project Cost:	 Approximately $10 million (Cn) 

NORTH KINSELLA HEAVY OIL - AOSTRA and Petro-Canada (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; (1) a steam-drive 
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 - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and 
Petro-Canada (T-460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ 
recovery technique consisting of electric preheat process follows 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 
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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 - Amoco Canada Petroleum Co., Ltd., AOSTRA, Shell Canada Resources, 
Ltd., and Shell Explorer, Ltd. (T-470) 

Experimental in situ recovery project locted about 20 miles northeast of Peace River, Alberta. Project 
consists of 7 seven-acre 7-spot patterns producing a peak of 3,500 barrels per thy 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 
1919 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 complete in the Pelican area of the Wabasca 
region. Phase I of the project commenced operations in August 1981, and Phase II (fireflood) commenced 
operations during September 1982. The pilot consists of a 31-well centrally enclosed 7-spot pattern plus nine 
additional wells. Some modifications to the pilot are planned for 1984. Operations are continuing. 

Project Cost:	 Not Specified 

PR SPRINGS PROJECT - PR Spring Tar Sand Company (Enercor and Solv-Ex Corporation) (T-485) 

Solv-Ex has formed a new joint venture corporation with Enercor of Salt Lake City, Utah. Enereor will assign 
to the new corporation its rights to tar sand deposits contained in existing oil and gas leases (owned by third 
parties) if those leases are converted to Combined Hydrocarbon Leases (see Cedar Camp Tar Sand Project). 
The conversion is contingent upon the approval by the United States Bureau of Land Management which has 
15 months to accept or reject the conversion application dated November 15, 1983 in accordance with the 
provisions of the Combined Hydrocarbon Leasing Act of 1981. 

The application coven approximately 30,000 continguoim acres. In addition, the Solv-Ex technology for 
extraction of oil from those leases will be put into the PR Spring Tar Sand Company. 
A drilling program on the Property is currently under way to prove up the resource which is believed to be 
within one of the largest mineable tar sands prospects in the United States. 

The sponsors are actively working on this project for a submission under the Fourth General Solicitation of 
the United States Synthetic Fuels Corporation. 

Project Cost:	 Not disclosed 

PRIMROSE PROJECT - Japan Oil Sands Company and Noreen Energy Resources Ltd. (T-490) 
Noreen 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. 

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. 
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PRIMROSE - KIRBY PROJECT - Petro-Canada (T-500) 
This land includes 40 sections under 100 percent 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. AU eight 
wells are now on their second or third cycle. 

Project Cost:	 Not 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 plant is situated on the Suncor, Inc., property, north of Fort McMurray, 
Alberta. The pilot plant was operated in cooperation with Gulf Canada Resouces Inc., during the second half 
1981. 
The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit 
modified hot water process. The process offers good bitumen recoveries and solid waste which is 
environmentally advantageous due to the substantial reduction in waste volume. 
Pilot data indicate that the total RTR/Gulf process (extraction and tailings management) offers a substantial 
economic advantage over conventional hot water technology. This is particularly true for a remote plant in 
which energy requirements must be generated. 

Project Cost:	 Undisclosed 

SANDALTA - Canadian Superior Oil Ltd., Gulf Canada Resources, Inc., and Home Oil Company, Ltd. (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. 
Engineering studies on commercial feasibility are continuing. 

Project Cost:	 Not Specified 

SANTA FE TAR SAND TRIANGLE PROJECT - Altex Oil Corporation and Santa Fe Energy Company(T-560) 

Santa Fe Energy Company and Altex Oil Corporation has proposed a four-phase-10 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 

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 
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Miguel 4 formation at a depth of 1500 feet. The first 5-acre inverted 5-spot pilot test conducted during the 
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 7.5 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 barrels per day and peaked at nearly 600 barrels per day 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 production for this second pilot was 133,000 barrels or 
about 50 percent of the original tar-in-place. A smaller steam slug enabled the energy requirements to be 
reduced by 25 percent relative to the prior test. Because low cost steam significantly improves the economic 
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 820 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 including a semi-
bituminous coalcontaining 35 percent ash. Overall, the performance of the FBC unit has either met or 
exceeded all of its basic design parameters. Reportedly, this is the world's first application of the FBC 
concept-to oil-field steam generation. The project is currently shut down for evaluation of post-pilot core 

Project Cast:	 Not disclosed 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, 
Westcoast Petroleum Ltd. (T-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated 
by Alberta Energy Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir 
is a Glauconitic sand in the Upper Mannville formation which is underlain by water. The wells, including 
three temperature observation wells, were drilled during the summer of 1980. Completion of facilities 
construction occurred in the fall of 1981 and injection started in early 1982. 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 Cost:	 $11 million (Cdn) 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 

Standard is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 
9,600 acres of leases in the Sunnyside deposit in Carbon County, Utah. Research continues on various 
extraction and retorting technologies. A coring program was completed on the fee property and will be 
continued on 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. Amoco has applied to BLM for conversion of 
its Sunnyside oil and gas leases to combined hydrocarbons leases. A final EIS concerning the application is 
scheduled for completion in June 1984. The study is totally funded by Standard. 

Project Cost:	 Not disclosed 

TACIUK PROCESSOR PILOT - AOSTRA/The UMA Group Ltd. (T-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant 
finished construction in March 1978 at a cost of $1 million and has been in operation since. The process was 
invented by William Taciuk of The UMA Group. Development is being done by UMATAC Industrial Processes 
Ltd., a subsidiary of The UMA Group. Funding is by the Alberta Oil Sands Technology and Research 
Authority (AOSTRA). The processor consists of a rotating kiln which houses heat exchange, cracking and 
combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between 
two majors. The information agreements provide, in exchange for a funding contribution to the project, full 
rights for evaluation purposes to the information generated by the project during the current phase. 
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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 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 Fiscal Year 1983 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 characteriza- 
tion, and oil recovery research is underway. Included is a three year United States/Canada cooperative 
project on "steam-drive with additives." 
Beginning in May 1983, the Department of Energy Program will be conducted by the University of Wyoming 
Research Corporation (LJWRC) 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 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand 
Triangle in south central Utah. They are also evaluating pilot testing of inductive heating for recovery of 
bitumen. A combined hydrocarbon unit, to be called the Gunsight Butte unit, is presently being formed to 
include Kirkwood and surrounding leases within the Tar Sand Triangle Special Tar Sand area. 

Project Cost:	 Unknown 

TARCO TAR SANDS PROJECT - Tarco, Inc. (T-640) 
A 250 barrels per day synthetic crude from tar sand plant located near 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 barrels per day with 
construction resuming in spring 1982. The company is also negotiating to test the extraction process at a 
1600 barrels per thy 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 Oil Sand Lease No. 0981030008 in the Athabasca Oil Sands in Alberta, 
Canada. Construction started in 1972, and initial recovery operations commenced in 1973 with thirty-four 
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wells on a 10-acre pattern. Steam flooding and low temperature oxidation with steam flooding, caustic 
flooding, and hot water flooding were tested between 1973 and 1983. 

Eighteen new wells were drilled in 1975 on a second 3.75 acre, inverted, 7-spot pattern (Pattern II), with 
expansion of surface facilities completed in 1976. Steam and light hydrocarbon flooding with modified 
pressure cycles were tested extensively on Pattern IL A hot waterflood with additives was initiated in this 
pattern in October 1983 and is continuing. 

During the winter of 1980-1981, a third pattern (Pattern III) consisting of three horizontal wells was drilled. 
The two outside wells have been recompleted to accommodate an increasein production expected during the 
second production cycle. Steam injection continues into the center well to provide the drive to the outer 
producers. 

Construction continues to be suspended of a second pilot in Steepbank Bituminous Sand Lease No. 098103007, 
approximately 40 miles north of the existing pilot. 

Project Cost:	 Approximately $57.4 million as of end 1983 

ULTRA SONIC WAVE EXTRACTION - Western Tar Sands Inc. (T-660) 

A 30 barrels per day mini-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 different kinds of solvents 
enhanced by ultrasonic vibration for extraction. A partnership of industrial companies is responsible for 
detail engineering and final process configuration. The partnership will build and operate the mini plant. 
Baseline design and engineering was provided by Science Applications, Inc. Construction of the mini-plant is 
scheduled for the second quarter of 1984. No schedule has been set for commercial production. 

Corichill Drilling, Inc. was engaged by WTS to drill 14 holes to an average depth of 100 feet to determine the 
extent of tar sand resources on the site location. 

Project Cost:	 $7.0 million 

"200" SAND STEAMFLOOD DEMONSTRATION PROJECT - Santa Fe Energy Company, U.S. Department Energy 
(T-670)

This is a jointly-funded steamflood 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. 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 thy water for 1979. The project has indicated 
that it is rate sensitive. 

Expansion to a full scale steamflood 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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COMPLETED AND SUSPENDED PROJECTS 

Project Sponsor	 Last Appearance in SER 

Whiterocks Oil Sand Project

Aarian Development, inc. 

Union Texas of Canada, Ltd. 

California Synfuels Research Corporation 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Getty Oil Company 
United States Department of Energy 

EOR Petroleum Company 
Tetra Systems 

Sandia Laboratories 
United States Department of Energy 

Murphy Oil Company, Ltd. 

Canada Cities Service 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada

A.D.I. Chemical Extraction 

Ardmore Thermal Pilot Plant 

Calsyn Project 

Cat Canyon Steamflood Project 

Chetopa Project 

Deepsteam Project 

Lloydminster Fireflood 

Mine-Assisted in Situ Project 

December 1983; page 3-56 

December 1983; page 3-56 

March 1984; page 3-34 

December 1983; page 3-58 

December 1983; page 3-59 

March 1984; page 3-41 

December 1983; page 3-63 

December 1983; page 3-64 

Enercor	 December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 
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Alberta Energy Company Ipiatik Lake Project 354 
Suffield Heavy Oil Pilot 3-59 
Syncrude Canada Ltd. 3-48 

Alberta Oil Sands Equity Syncrude Canada Ltd. 3-48 

Altex Oil Corporation Santa Fe Tar Sand Triangle Project 3-58 

Amoco Canada Ltd. Anzac Pilot Project 3-49 
Block One Project 3-50 
Elk Point Project 345 
Peace River In Situ Pilot Project 3-57 

Amoco Production Company Sunnyside Project 3-59 

Alberta Oil Sands Technology Athabasca In Situ Pilot Plant 3-50 
and Research Authority (AOSTRA) Anzac Pilot Project 3-49 

Block One Project 3-50 
Marguerite Lake Phase A Project 3-55 
Marguerite Lake "B" Unit Experimental Test 3-55 
Mine-Assisted Pilot Project 3-56 
North Kinsella Heavy Oil Project 3-56 
Peace River In Situ Pilot Project 3-57 
Suffield Heavy Oil Pilot 359 
Taciuk Process Pilot 3-59 

BP Canada Exploration Ltd. Marguerite Lake Phase A Pilot Plant 3-55 
Marguerite Lake "B" Unit Experimental Test 3-55 
Wolf Lake Project 3-48 

California Tar Sands Development Corp. California Tar Sands Development Project 3-44 

Canada Centre for Mineral & Energy CANMET Hydrocracking Process 3-51 
Technology 

Canada Cities Service, Ltd. Eyehlll In Situ Steam Project 3-53 
PCEJ Project 3-56 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-38 

Canadian Reserve Oil & Gas Ltd. Eyehiil In Situ Steam Project 3-53 

Canadian Superior Oil Ltd. Sandalta 3-58 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-51 
Muriel Lake Project 3-56 

Canterra Energy Ltd. Meota Steam Drive Project 3-45 

CDC Oil and Gas, Ltd. Athabasca In Situ Pilot Project 3-50 

Chaparria Oil Company Chaparrosa Ranch Tar Sands Project 3-44 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-50 

Conoco Inc. Conoco South Texas Tar Sands Project 3-58 

Cornell Heavy Oil Process Inc. HOP Kern River Commercial Development Project 3-45
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Mobil Oil Canada Ltd. Bsttrum In Situ Wet Combustion Project 344 
Celtic Heavy Oil Wet Combustion 3-51 
Cold Lake Stratigraphic Test Program 3-52 
Fosterton N.W. In Situ Wet Combustion 3-53 

Mobil Oil Company Asphalt Ridge Pilot Plant 3-49 

Mono Power Cedar Camp Tar Sand Project 3-51 

Murphy Oil Canada Ltd. Eyehlll In Situ Steam Project 353 
Lindbergh Steam Project 354 

Noreen Energy Resources Ltd. Primrose Project 357 

Nova, An Alberta Corporation Canstar 344 

Ontario Energy Resources Ltd. Suncor, Inc. 3-47 

PanCanadian Petroleum Marguerite Lake Phase A Pilot Plant 3-55 
Syncrude Canada Ltd. 3-48 

Partec Lavalin Inc. CANMET Hydrocracking Process 3-51 

Petro-Canada Anzac Pilot Project 349 
Block One Project 3-50 
CAN MET Hydrocracking Process 3-51 
Canstar 3-44 
Ipiatik Lake Project 354 
Marguerite Lake "B" Unit Experimental Test 3-55 
North Kinsella Heavy Oil 3-56 
PCEJ Project 3-56 
Primrose-Kirby Project 3-58 
Syncrude Canada Ltd. 3-48 
Wolf Lake Project 3-48 

Pittston Company Kensyntar Project 3-54 

Porta-Plants, Inc. Porta-Plants Project 3-46 
Selective Catalyst 347 

P R Spring Tar Sand Company P Ii Springs Project 3-57 

Rio Verde Energy Co. Rio Verde Energy Co. Project 3-58 

ICR Oil Sands Alberta, Ltd. RTR Pilot Project 3-58 

Santa Fe Energy Company Santa Fe Tar Sand Project 3-58 
"200" Sand Steamtlood Project 3-61 

Saskatchewan Oil and Gas Corporation Meota Steam Drive Project 3-55 

Shell Canada Resources, Ltd. Block One Project 3-50 
Peace River In Situ Pilot Project 3-57 
Scott ord Synthetic Crude Refinery 3-47 

Shell Explorer, Ltd. Peace River In Situ Pilot Project 3-57 

Sohio Shale Oil Company Asphalt Ridge Tar Sands Pilot Plant 3-50 

Solv-Ex Corporation Santa Rosa Oil Sands Project 3-46 
P R Springs Project 3.57 

Southworth, Ray M. Enpex Syntaro Project 3-52
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Dome Petroleum Canada Ltd. Lindbergh Thermal Project 355 
Marguerite Lake Phase A Project 3-55 
Morgan Combination Thermal Drive Project 3-56 
Primrose Lake Project 3-46 
Suffield Heavy Oil Pilot 3-59 

Douglas, Ward Kensyntar Project 3-54 

Enercor Asphalt Ridge Pilot Plant 3-49 
Cedar Camp Tar Sand Project 3-51 
P It Springs Project 3-57 

Enpex Corporation Enpex Syntaro Project 3-52 

Esso Resources Canada Ltd. Cold Lake Pilot Project 3-52 
PCEJ Project 3-56 
Syncrude Canada Ltd. 3-48 
Cold Lake Projects 3-44 

Falcon Sciences, Inc. Falcon Sciences Project 3-45 

Getty Oil Company Diatomaceous Earth Project 3-44 
Enpex Syntaro Project 3-52 

Glenda Exploration & Development Corp. Burnt Hollow Tar Sand Project 3-51 

Globus Resources Ltd. Aqueous Recovery 3-49 

Great National Corporation Sunn'side Project 3-48 

Greenwich Oil Corporation Forest Hill Project 3-45 

Guardian Chemical Corporation Aqueous Recovery - Polycomplex 3-49 

Gulf Oil Canada Ltd. Pelican-Wabasca Project 357 
Sandalta 3-58 
Syncrude Canada Ltd. 3-48 

Home Oil Company Sandalta 3-58 

Hop Kern River Development Asso. Hop Kern River Project 3-45 

Hudson's Bay Oil and Gas Marguerite Lake Phase A Pilot 3-55 
Syncrude Canada Ltd. 3-48 

International Hydrocarbons Inc. International Hydrocarbon Tar Sands Project 3-53 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-56 

Japan Oil Sands Co. (JOSCO) Primrose Project 3-57 

Kensyntar Company Kensyntar Project 3-54 

Kirkwood Oil and Gas Company Burnt Hollow Tar Sand Project 3-51 
Circle Cliffs Project 3-52 
Tar Sand Triangle 3-60 

KSA Resources Kensyntar Project 3-54 

Ladd Petroleum Corporation Hop Kern Project 3-45
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Standard Oil of California 

Standard Oil of Indiana (Amoco) 

Suncor, Inc. 

Sun Oil Company 

Superior Oil Company 

Tarcd, Inc. 

Tenneco Oil of Canada, Ltd. 

Texaco Canada Resources Ltd. 

Texas Gas Development Corporation 

Texas Tar Sands, Ltd. 

Total Petroleum Canada, Ltd. 

Underwood McLellan & Associates 
(UMA Group) 

Union Oil of Canada, Ltd. 

United-Guardian, Inc. 

U.S. Department of Energy 

University of Utah 

Westcoast Petroleum, Ltd. 

Western Tar Sands, Inc. 

Westken Petroleum Company 

Whittier, N. H. 

Worldwide Energy

Sunnyside Pilot Project 

Sunnyside Project 

Block One Project 
Fort Kent Thermal Project 

Suncor, Inc. 

Enpex Syntaro Project 

Tarco Tar Sands Project 

Athabasca In Situ Pilot Project 

Texaco Athabasca Pilot 

Kentucky Tar Sands Project 

Enpex Tar Sands Project 

Meota Steam Drive Project 

Taciuk Processor Pilot 

Grosmont Thermal Recovery Project 

Aqueous Recovery 

"200" Sand Steamflood Project 
Tar Sand Research Program 

Asphalt Ridge Pilot Plant 

Suffield Heavy Oil Pilot 

Ultra Sonic Wave Extraction 

Kensyntar Project 

Expex Syntaro Project 

Fort Kent Thermal Project

3-48 

3,59 

3-SO 
3-53 

3-47 

3-52 

3-60 

3-50 

3-61 

3-46 

3-52 

3-55 

3-59 

3-53 

3-49 

3-61 
3-60 

3-48 

3-59 

3-61 

3-54 

3-52 

3-53 
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RECENT OIL SANDS PUBLICATIONS 

ERCB, "Alberta Oil Supply-1983 - 2007," December 1983. 

The following papers were presented at "Heavy Oil and OR Sand Technical Symposium," held on February 16, 1984 in 
Calgary, Canada: 

Loxam, "Texaco Canada Completes Unique Horizontal Drilling Program." 
Ward, "Slant Hole Drilling." 

Mcllwrick, Scott, Tomlinson, "The Application of a Hydraulic, Variable Speed Pumping Unit for Primary 
Heavy Oil Production." 

Bland, "The Heavy Oil Evaporation Dehydrator—A New Technique for Emulsion Separation." 
Corti, Devenny, "H.O.T. Process--A New Treatment for Oil/Water Emulsion Separation." 
Bridle, "Oil Separation Processes at Essds Leming Pilot." 

Boyle, Castellino, Patel, Peters, Van Stelten, "Field Experience with Ignition Operations—Countess B 
Pool In Situ Combustion Pilot Project." 
McCormack, "Vent Gas Handling Systems for In Situ Projects." 
Kerby, Kense, Peachey, "Upgrading of Oilfield Steam Generator Economizer Performance and Effi-
ciency," 
Boyles, Kerby, Theilgaard, "Steam Quality Monitor for Oilfield Steam Generators." 
Clarke, "The Phased Cold Lake Project's Local Benefits Program." 
Hobbs, Stuart, Woods, "Why An Oil Sands Project Now? - The Canadian Benefits Case." 

Interstate Oil Company Commission, "Major Tar Sand and Heavy Oil Deposits of the United States," Lewin and 
Associates, Inc., July 1983. 

National Academy Press, "Research and Information Needs for Management of Tar Sands Development," Washing-
ton, D.C., 1983. 

United States Department of Energy, "Application of Gas Flotation and Foam Separation for the Treatment of Tar 
Sand Wastewaters," March 1983. 

OIL SANDS - PATENTS 

"Method and Apparatus for Solvent Extraction," John S. Randall - Inventor, Solvex Corporation, United States 
Patent 4,424,112, January 3, 1984. A method and apparatus for solvent extraction of bitumen oils from tar sands 
and their separation into synthetic crude oil and synthetic fuel oil comprising the operations of mixing the tar sands 
with hot water so as to form a slurry in conjunction with solvent, separating that slurry into the solvent and 
dissolved bitumen oils and the solid materials of the tar sands, separating the bitumen oils from the solvent, 
contacting the bitumen oils thin obtained with an extractant in order to separate them into synthetic crude oil and 
synthetic fuer oil, recovering and reusing again within the process, the solvent, the water, and the extractant. 

"Processing of Tar Sands," Thomas 0. Mitchell - Inventor, Mobil Corporation, United States Patent 4,424,113, 
January 3, 1984. The present invention relates to an improved process for the recovery of bitumen from tar sands 
comprising first heating the raw tar sands with steam at a temperature sufficient to visbreak a portion of the 
bitumen without significant thermal cracking thereby producing a vaporous distillate product mixed with steam and 
lowering the viscosity and specific gravity of the residual bitumen on the heat treated tar sands. The distillate 
product and steam are cooled and condensed and mixed with the heat treated tar sands containing residual 
beneficiated bitumen to form a slurry. Bitumen is then recovered from the slurry by a hot water separation process. 

"Method for Removing Contaminants from Hydrocarbonaceous Fluid," Lillian A. Rankel - Inventor, Mobil 
Corporation, United States Patent 4,424,118, January 3, 1984. The present invention relates to a method for 
removing contaminants such as arsenic from a hydrocarbonaceoim fluid which consists essentially of the crude, or a 
fraction thereof, obtained from oil shale, solid coal, or tar sands by non-catalytically heat treating the 
hydrocarbonaceous fluid at a temperature of from about 20°F to about 600°F in the presence of an aqueous solution 
containing an agent that would convert such contaminants into components soluble in the aqueous solution. 
Particularly suitable agents to be utilized in the above aqueous solution to remove contaminants such as arsenic are 
ammonium sulfide type compounds. The purified hydrocarbonaceous fluid may be subjected to a catalytic 
hydrotreating process.
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"Ambient Froth Flotation Process for the Recovery of Bitumen from Tar Sand," Scott L. Smith - Inventor, GNC 
Energy Corporation, United States Patent 4,425,227, January 10, 1984. A method for upgrading the bitumen content 
of tar sands, wherein a raw tar sand slurry admixture of tar sands, water, collectors, and dispersing/ wetting agents 
is milled; conditioned and then separated by a series of froth flotations at ambient temperatures from about 2t to 
about 250Cto recover a concentrated bitumen tar sand product which may be processed by conventional means to 
recover oil from the bitumen. Enhanced recovery of bitumen may be accomplished by moderate heating in one or 
more of the flotation zones to about sot. The method permits recovery and recycle of various components used in 
processing of the tar sand. 

"Anionic Bituminous Emulsions," WalterT. Zdybak - Inventor, Georgia-Pacific Corporation, United States Patent 
4,427,449, January 24, 1984. An oil-in-water anionic bituminous emulsion which comprises from about 30 to about 
75 weight percent of the emulsion of bitumen dispersed in an aqueous continuous phase, and from 0.1 to 5 weight 
percent of an anionic emulsifier prepared by reacting a lignosulfonate with an organic sulfonyl chloride or bromide 
in which the organic group is selected from the group consisting of benzene, substituted benzene, and an aliphatic 
hydrocarbon having at least four carbon atoms until at least 30 percent of the phenolic hydroxyls on the 
lignosulfonates have been reacted. 

"Process for Extracting Crude Oil from Tar Sands," Wilhelm JahnHeld, Walter Lindorfer, Walther Schulz, and Fritz 
Wagner (all of West Germany) - Inventors, United States Patent 4,427,528, January 24, 1984. A process for 
extracting crude oil from tar sands and clay-like materials. This is accomplished by adding a mixture of a trahalose 
lipid with water to the tar sands and subjecting the mixture to intensive agitation at 60 0 to 90°C to form a slurry and 
separating the slurry to recover a crude oil/water mixture. 

"Fluid Bed Retorting Process with Lateral Flow," Robert D. Oltrogge - Inventor, Gulf Oil Corporation and Standard 
Oil Company (Indiana), United States Patent 4,430,195, February 7, 1984. A fluid bed retorting process is provided 
in which solid heat carrier material and solid hydrocarbon-containing material, such as oil shale, tar sand, and coal, 
are fluidly moved in a lateral direction until they spill over an upright barrier into an overflow discharge outlet. The 
solids can be premixed in the retort before entering the laterally moving fluid bed in a premixing fluidizing chamber 
or with a conical deflector. Upright annular or transverse baffles can be positioned in the fluid bed to minimize 
lateral backmixing of solids and can also extend above the surface of the fluid bed to minimize wave propagation. 
Any unfluidized coarse particles can also be moved laterally by gravity flow and jet deflectors. 

"Method and Apparatus for On-Line Monitoring of Bitumen Content in Tar Sand," Gordon It Thompson (Canada) - 
Inventor, Petro-Canada Exploration Inc., United States Patent 4,433,239, February 21, 1984. An improvement in the 
processing of bituminous sands is described whereby the concentration of bitumen in tar sand feed is measured by 
infrared light reflected from the tar sand surface. Near infrared is shone onto the surface of the incoming tar sand 
and reflected light is collected and passed through two parallel filters, one being a measuring filter having a 
wavelength range of 2,180 to 2,260 NM and the other being a reference filter having a wavelength range of 2,270 to 
2,350 NM. The beams emerging from the filters are measured electronically and the resulting signals are separately 
integrated and amplified by electronic means. The ratio of the amplified signals is used to provide a read-out signal 
responsive to the bitumen concentration. The results may be used to adjust processing conditions in the extraction 
process to allow for the variations of bitumen in the feed. 

"Method for Demulsification of Bitumen Emulsions Using Polyalkylene Plyamine Salts," David R. McCoy - Inventor, 
Texaco Inc., United States Patent 4,434,850, March 6, 1984. A process for recovering bitumen from oil-in-water 
emulsions is disclosed wherein water soluble demulsifiers are used. These demulsifiers are polyamine salts prepared 
by contacting poly(ethyleneimines) with organic or inorganic acids. The polyamines have a molecular weight of at 
least 1,000. To resolve the bituminous petroleum emulsions, the process is carried out between 250 and 160°C 
wherein the demulsifier of the invention is contacted with the bituminous emulsion. 

"Process for Manufacturing Gasoline with Upgrading of Hydrocarbon Oils," Jean Pierre Franck, Yves Jacquin, 
Bernard Juguin, Christian Marcilly, and Germain Martino (all of France) - Inventors, Iristitut Francais du Petrole, 
United States Patent 4,435,274, March 6, 1984. Residual oils from steam-cracking or catalytic cracking, oils from 
coal liquefaction, and oils from bituminous sands and shales are converted to gasoline by a process comprising the 
fractionation of the feed change to a naphtha and a middle distillate: the naphtha, admixed with a gasoline cut "E," 
is hydrotreated and than dehydrogenated to gasoline; the middle distillate is hydrotreated and fractionated to 
gasoline and a heavier fraction, the heavier fraction is hydrocracked and fractionated, thus producing a gasoline cut 
which consitutes the above cut "E." 

"Process for Devolatiizing Devolatiizable Fine-Grained Material by Means of Hot, Fine-Grained Heat-Carrying 
Material," Alfons Bussmann, and Roland Rammler (both of West Germany) - Inventors, Metallgesellschaft AG, 
United States Patent 4,436,588, March 13, 1984. Devolatilizable fine-grained material which contains hydrocarbons 
is devolatiized by means of fine-grained solids which have been heated to temperatures of about 500 0 to 1,00001C. 
The devolatilizable fine-grained material is mixed with the heated solids and is thus heated to temperatures of about 
4000 to eoot. The mixture is passed through a dwell zone, and gaseous and vaporous devolatilization products are 
withdrawn and cooled. The heated solids are fed to the dwell zone as a loosened stream in a trickling and/or 
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agitated state of motion, and the devolatilizable fine-grained material is introduced into said stream in order to be 
admixed thereto. The heated solids and the devolatilizable fine-grained material can be mixed in a weight ratio of 
3:1 to 12:1. The stream of trickling heated solids can be deflected at least in part. 

"Hydraulic Mining of Tar Sands with Submerged Jet Erosion," Herbert S. Johnson (Canada) - Inventor, Gulf Canada 
Ltd., United States Patent 4,437,706, March 20, 1984. Bitumen is separated and recovered from tar sands deposits 
by use of special hydraulic mining techniques. One or more jets of hydraulic mining fluid are projected by a 
nozzle(s) against a face of a tar sands deposit and advanced toward the face as the face erodes under the jetting 
action. Sand and bitumen separate, due to the jetting action, and are removed from the eroding area by the now of 
hydraulic fluid which is cycled to a recovery zone for separation of fluid, sand, and bitumen. Fluid is recycled, 
bitumen recovered, and sand disposed of as backfill. Advance of a single nozzle is varied by lateral diversion to 
erode over a wider area of the face and increase the volume eroded by a single advancing jet. 

"Method for Treating Oil Sands Extraction Plant Tailings," Raymond N. Yong (Canada) - Inventor, Suncor, Ltd., 
United States Patent 4,437,998, March 20, 1984. Tailings from an oil sands hot water process extraction plant are 
mixed with hydrolyzed starch flocculent and transferred to a settling pond. After a residence period on the order of 
one year, sludge from the lower region of the settling pond is withdrawn, mixed with a hydrolyzed starch dewatering 
agent and transferred to a collecting pond. After a residence period on the order of one week, partially dewatered 
sludge is withdrawn, mixed with sand, and deposited in a terminal disposal area, the sand in the mixture there 
effecting an internal surcharge to obtain further dewatering. The hydrolyzed starch additives are obtained by the 
aqueous hydrolysis of a starch in the presence of one or more metal salts. 

"Catalyst for Sulfur Removal from Hydrocarbons," Philip M. Boorman, Tristram Chivers, Kalabeerappa N. Mahadev, 
and Donald F. Tavares (all of Canada) -Inventors, Alberta Oil Sands Technology & Research Authority, United States 
Patent 4,438,218, March 20, 1984. A novel catalyst is provided which is effective in removing at least a portion of 
the sulfur contained in hydrocarbons, without the use of an external hydrogen source. The catalyst is a sulfided 
mixture, on a catalyst support, of (a) a sulfide of one or more of the transition metals iron, vanadium, molybdenum, 
and copper, (b) a sulfide of either sodium or potassium, and (c) a hydroxide of either sodium or potassium. Sulfur 
removal with the catalyst is demonstrated with oil sand bitumen, heavy crude oil, and asphaltenes. 
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PROJECT ACTIVITIES 

ONE COAL PROJECT RECEIVES SFC AWARD, 
BUT SEVEN PROJECTS DROPPED 

The second quarter 1984 was a period of "good news/-
bad news" for coal conversion projects that applied to 
the United States Synthetic Fuels Corporation (SFC) for 
financial assistance. The most significant good news 
was the signing of a final contract awarding $620 mil-
lion in price guarantees to the Dow Syngas coal gasifi-
cation project. Thus, the project became the second 
project (alter Cool Water) to be awarded assistance by 
the SFC. (The SFC also administers the $400 million 
price guarantee that was awarded to the Union Oil 
Phase I oil shale project by the United States Depart-
ment of Energy.) The details of the final contract with 
Dow Syngas are summarized in this issue of the Pace 
Synthetic Fuels Report In the article entitled. 
Syngas Receives $620 Million Price Guarantee from the 
SPC." 

Other good news for coal projects involved the signing 
of letters of intent with the sponsors of two projects. 
On April 26, 1984 the SFC issued a non-binding letter of 
intent to the Great Plains project and directed the 
United States Department of the Treasury to set aside 
$790 million for price guarantee assistance to the pro-
ject. Similarly, the Northern Peat project received an 
SFC letter of intent outlining the terms of a possible 
$365 million loan and price guarantee on April 26. The 
SFC had previously requested the Treasury to set aside 
funds for the project on April 5, 1984. Both letters of 
intent are summarized in articles in the Government 
portion of the Coal section in this issue.

Although these two projects have received letters of 
intent, final awards of assistance have not yet been 
finalized. As explained in the article entitled "Resigna-
tions Render SFC Incapable of Making Awards" in this 
issue, the SFC Board now lacks the quorum that is 
needed to conduct business. Until the minimum four-
member quorum is reestablished, the Great Plains and 
Northern Peat projects cannot receive final contracts: 
The timing of President Reagan's nominations of new 
members to the Board and the United States Senate's 
approval of any or all of the nominations is presently 
uncertain. 

The bad news for coal projects consisted of the SFC 
dropping seven projects from further consideration of 
awards. Perhaps the most significant negative SFC 
action was announced on April 5, 1984 when the Board 
dropped the First Colony peat-to-methanol project 
from consideration under the second general solicita-
tion. The project originally applied to the SFC under 
the first solicitation, was transferred to the second 
solicitation in June 1982, and received a letter of intent 
from the SFC in December 1982. Also at the April 5 
meeting, the SFC dropped the Memphis coal gasifica-
tion project and the North Alabama coal-to-methanol 
project. Both projects applied to the SFC under the 
first solicitation and subsequently reapplied or were 
transferred to the second and the third solicitations. 
However, the long-term negotiations that all three pro-
jects have conducted with the SFC have now ended in 
failure to receive assistance. 

Two other projects that were dropped by the SFC at the 
April 5 Board meeting were the Arkansas Lignite Con-

TABLE 1

- 

STATUS OF COAL PROJECTS 
THAT APPLIED TO THE SFC FOR ASSISTANCE 

Project Sponsors Status 

Cool Water Southern California Edison Awarded $120 minion 
Company; Texaco Inc.; Electric price guarantee 
Power Research Institute; 
Bechtel Power Corporation; 
General Electric Company; 
ESEERCO; Standard Oil Com-
pany of Ohio; and JCWP, a 
Japanese consortium 

Dow Syngas Dow Chemical Company Awarded $620 million 
price guarantee 

Great Plains Gasification 
Great Plains Associates (Tenneco SNG, Inc.; $790 million set aside; 

ANR Gasication Properties letter of intent signed 
Company; Transco Coal Gas 
Company-,MCN Coal Gasifica-
tion Company; and Pacific 
Synthetic Fuels Company) 

Northern Peat Signal Energy Systems, Inc. $365 million set aside; 
letter of intent signed 
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version project and the Louisiana Synthetic Fuels pro-
jects. The Arkansas Lignite Conversion project had 
originally applied to the SEC under the Gulf Coast 
lignite competitive solicitation, and was more recently 
involved in direct negotiations with the SEC. (See the 
PaceSynthetic Fuels Report, page 4-1 of the December 
1983 issue.) The Louisiana Synthetic Fuels project was 
the only project formally submitted under the competi-
tive solicitation for Eastern Province and Eastern 
Region of the Interior Province bituminous coal 
gasification projects. As explained in the article 
entitled "SEC Eastern Coal Competitive Solicitation 
Ends Without An Award" in this issue, the project was 
determined to be non-responsive to the requirements of 
the solicitation. Two other projects were also dropped 
from consideration under the solicitation for eastern 
bituminous coal gasification projects when the sponsors 
failed to submit a technical proposal and bid before the 
March 6, 1984 deadline. These projects are COGA-1 
and Sharon Steel. 

In summary, seven coal conversion projects are no 
longer under active consideration by the SEC. The four 
remaining projects and their status are shown in 
Table 1. 

Recent SFC decisions regarding projects are depicted in 
Figure 1 of the article entitled "SEC Makes One Award 
and Drops Nine Projects" in the General section of this 
issue of the Pace Synthetic Fuels Report. The status of 
all projects that applied to the SFC for assistance are 
shown in Figure 2 in the same article. 

FOUR COAL CONVERSION PROJECTS REACH 
MII.RSTO N ES 

In the past few months four coal conversion projects in 
the United. States have reached major milestones in 
becoming operational. These milestones represent the 
slow, but steady progress that the synthetic . fuels 
industry is making in becoming a commercial reality. 
Very briefly, the milestones are as follows: 

• Cool Water—The Texaco gasifier was started 
up on May 7, 1984 and on May 20 syngas was 
successfully fed to the gas turbine. The short-
term teit of the plant's control systems pro-
duced 132 megawatt-hours of electrical power. 

• Great Plains—As of the end of May 1984 three 
of the 14 Lurgi gasifiers had been started up 
and were producing raw syngas. Efforts to 
commission the gas cleanup facilities were 
under way. 

• Tennessee Eastman Chemicals from Coal—The 
plant at Kingsport, Tennessee was officially 
dedicated in April 1984. The plant, which can 
produce 500 million pounds of acetic anhydride 
per year, came on stream in late 1983. 

• KILnGAS.—The 600 tons per thy commercial 
module was started up in the third quarter of 
1983. The plant's low-BTU gas product has 
been successfully fired in a boiler at Illinois 
Power's Wood River power station.

These events over the past few months are significant 
for each individual project. Moreover, the successful 
operation of these plants will demonstrate four differ-
ent synthetic fuels technologies: (1) coal gasification 
combined cycle to generate electricity; (2) coal gasifi-
cation for substitute natural gas production; (3) coal 
gasification to produce syngas for chemicals manufac-
ture; and (4) low-BTU gasification for electricity gener-
ation. 

CENTRALIA PARTIAL-SEAM CHIP TEST 
SUCCESSFULLY COMPLETED 

From October 16 to November 14, 1983 a partial-seam 
Controlled Retraction Injection Point (CHIP) test was 
successfully conducted near Centralia, Washington. 
The CR1? concept is an underground coal gasification 
(UCO) process in which a section of the injection pipe is 
burned off to establish a new injection point in the coal 
seam. Hence, a new burn in fresh coal is started 
upstream of the old burn, thus maintaining the quality 
of the product gas. The Centralia partial-seam CR1? 
test is the first of several large scale tests in a program 
to commercialize the process. Plans for this test were 
recently described in several papers as follows: 

• "Underground Coal Gasification Technical Sum-
mary" presented at the AIChE meeting in Den-
ver In August 1983. 

• "WIDCO's Program for the Commercialization 
of the Underground Coal Gasification Techno-
logy" presented at the AIChE meeting in Den-
ver in August 1983. 

• "The Centralia Partial-Seam CHIP Test" pre-
sented at the Ninth Annual Underground Coal 
Gasification Symposium in Bloomingdale, Illi-
nois in August 1983. 

Preliminary results of the tests were presented at a 
briefing conducted by Lawrence Livermore National 
Laboratory (LLNL) on March 29, 1984. These prelimi-
nary results were also summarized in the March 1984 
LLNL publication Energy and Technology Review. 

Test Description 

Previous tests have shown that as a UCG cavity initial-
ly develops, the product-gas heating value, chemistry, 
and thermal efficiency are all good. However, heat 
losses begin, when the burn reaches the roof at the top 
of the coal seam with a corresponding decline in pro-
duct gas quality. A new concept for UCG, the CRIP 
method, allows the operator to control heat losses. In 
this process a liner is inserted through the casing of the 
injection well until its tip reaches a position near the 
intersection point with the production well. The gasifi-
cation "burn" is ignited and the cavity eventually inter-
sects the top of the seam. When the heat lost to the 
roof material begins to degrade the gas quality, the 
injection point is retracted in the upstream direction by 
burning off a section of the injection liner with the 
igniter. The coal opposite the new burned zone ignites, 
and the heating value of the product gas increases to its 
original value. The CRIP concept involves a repetition 
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of this process over and over again by moving the burn 
in a controlled manner upstream from the original 
injection point. 

The Tom project is a phased series of laboratory, field 
laboratory, and increasingly larger field tests leading to 
commercial development of the CRlF concept. it is an 
integral part of a program to assess the potential for 
developing the unminable coal resources of the State of 
Washington via UCG technology. This program, init-
iated in 1979, consists of three phases. 

Phase I of the program was the determination of the 
role of UCG in the development of the coal resource, 
and was accomplished through a Total Economic Coal 
Utilization (TECU) study. Phase II of the program was 
the identification of potential sites within the State of 
Washington where a successful commercial scale UCG 
development might be established. A site at the 
abandoned mining town of Tom, Washington was Se-
lected as having the greatest potential for a successful 
UCG development. The purpose of Phase UI of the 
program was to identify site specific conditions at the 
Tono test site. The laboratory and field laboratory 
tests (summarized in the June 1983 Pace Synthetic 
Fuels Report on page 4-44) have been completed. 

The laboratory tests involved gasifying coal taken from 
the Big Dirty Seam at the Centralia Coal Mine adjacent 
to the Tono site. in addition, a series of five field 
laboratory scale tests (the Large Block tests) were 
conducted in an exposed coal face in the Centralia Coal 
mine. As presently envisioned, the field test phase will 
consist of two gasification experiments. The first test, 
described in this article, is the Partial Seam CR!? test. 
The second field test, the Full Seam CHIP test would 
follow in 1984. 

The last phase of the Tom Project is the commercial 
scale gasification tests to be conducted in the final 
highwall of the Centralia surface mine. These tests 
would continue the CR!? technology development on a 
multi-well, multi-module basis. 

Sponsors of the Centralia partial-seam CR!? test in-
clude the Department of Energy, the Gas Research 
Institute, and two northwestern utilities the Washing-
ton Water Power Company and Pacific Power & Light. 

The goals of the test were as follows: 

• Determine the relationship between coal re-
covery, product-gas heating value, and injec-
tion-point retracting distance for the CRIP 
system. 

• Investigate the effect of roof interaction on gas 
quality over the 30 day burn period, using the 
CRlF system. 

• Investigate long-term gas production with a 
slant production well. 

• Confirm the design and operational parameter 
relationships determined during the large block 
experiments. 

• Provide design data for the 90 day full-seam 
CR!? test.

• Provide the basis for preliminary design and 
cost analysis of a commercial-scale high wall 
UCG application at the site. 

• Identify gas-cleanup design parameters. 
• Provide for technology transfer to industry 

partners. 

For this first field test, only the upper half of the coal 
seam was gasified, to allow significant roof interaction 
and consequent heat loss to occur with modest burn 
times. As shown in Figure 1, a slant injection well was 
drilled 900 feet along the bottom of the 140 dipping coal 
seam. A vertical backup production well (PRD-2) was 
included in the design to allow remedial action to be 
taken without shutting down. The slant production well 
was designed so that its intersection point with the burn 
cavity moved upstream and away from the injection 
channel as the cavity grew larger. The separation of 
the two slant casing points was about 60 feet, to 
provide a good test of effective sweep width for use in 
future designs. 

The injection system supplied steam, oxygen, argon, and 
air, all with individual flow control and measuring 
stations. Air was used only for ignition and linking, and 
as emergency standby supply in case of oxygen loss 
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during the burn. Both production wells were connected 
to the system with valves so that the gas stream flow 
can be measured and burned in the flare. A cyclone 
separator in the production line provided some gas 
cleanup before flaring the gas. Water cooling with flow 
control for both production wells and the injection well 
was included in the design. 

A great deal of instrumentation was included in the 
test. Twelve instrument wells (I-wells) each contained 
a number of thermocouples. The instrument wells also 
contained a crushable coaxial cable to indicate subsur-
face ground motion by measuring changes in cable 
length due to collapse-induced breakage. A backup 
injection or production well was equipped with thermo-
couples fastened to the casing and a fused quartz 
window and nitrogen purgesystem so that it can be 
used as an observation well with an optical pyrometer 
when it is not needed for its backup role. Thermo-
couples were also fastened to the casing of the vertical 
production well (PRD-2) to the injection well liner, and 
to the pump well casing. 

Preliminary Results 

The partial-seam CHIP test was started on October 16, 
1983. The coal seam was ignited with a silane Igniter, 
and oxygen-enriched air was supplied throughout the 
day. The product gas generated had a heating value of 
200 to 220 BTU per standard cubic foot. Steam/oxygen 
injection began on October 17 and experienced smooth 
operation, except for a two day shutdown to service 
equipment partially plugged by coal dust. Good product 
gas with a heating value of about 250 BTU per standard 
cubic foot was produced. Air was injected for brief 
periods to keep the fire burning during power outages or 
steam-boiler repairs. 

The vertical production well was used until day 12 of 
the experiment (October 28) when product gas draw-off 
was switched to the slant production well. The entire 
changeover went smoothly, and an improvement in 
product-gas quality was observed. On October 30, the 
controlled retraction maneuver was performed to esta-
blish a new cavity, with the expected improvement in 
product-gas quality. Steam/oxygen gasification using 
the new cavity and the slant production well was 
continued until shutdown of the experiment on Novem-
ber 14. 

During the active gasification phase which lasted 
30 days, 2,000 tons of coal were affected. Approxi-
mately one-half the coal was gasified while using the 
vertical production well and the other half alter moving 
the injection point by the CHIP maneuver and changing 
production to the slant production well. Three distinct 
Periods of gasification were observed by the 
researchers. The initial period in which the vertical 
production well was in use yielded a typical dry gas 
heating value of 248 BTU per standard cubic feet. This 
period was followed by a period of higher gas quality, 
296 BTU per standard cubic feet, whichresulted from 
the switch to the slant production well and the CHIP 
maneuver. The final period began when a large-scale 
underground rooffall occurred and the typical dry gas 
heating value fell to 220 BTU per standard cubic feet.

FIGURE 2
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Figure 2 shows the product-gas heating value as a 
function of time for the burn period. Interaction of the 
burn with the roof can be seen during days 6 to 12 
(October 22 to 28) for the first cavity and during days 
22 to 29 (November 7 to 14) for the second. Other 
significant changes in operation, such as the use of the 
slant production well and the CRIP maneuver, are 
indicated in the figure. The test gasified about 
500 tonnes of coal with the first cavity and 
1,000 tonnes with the second. 

From the Centralia partial-seam CHIP test the re-
searchers have reached the following conclusions: 

• The Centralia site is favorable for UCO. 

• The large partial-seam test produced gas simi-
lar in quality to that obtained in the Large 
Block tests, proving that the small-scale exper-
iments have predictive capabilities for UCG. 

• Use of a slant production well is advantageous 
for UCG. 

• The CRIP method was successfully tested, im-
proving UCO performance as expected. 

HIGH PRESSURE U-GAS PDU TESTED 

The Institute of Gas Technology, in Chicago, Illinois, 
has constructed a process development unit (PDU) to 
investigate process parameters of the U-GAS process. 
The current U-GAS pilot plant with its 36 inch dia-
meter reactor Is too large to economically conduct 
feedstock feasibility tests, process parametric studies, 
or to test scale-up modifications. The 8 inch diameter 
PDU is also designed for higher pressure operations 
(20 bar) than the current U-GAS pilot plant (3 bar). 
The design of the U-GAS PDU is discussed in the paper 
"Design, Construction, and Shakedown of a High- Pres-
sure Ash Agglomerating Process Development Coal 
Gasifier" by W. Sandstrom and B. Bryan. This paper 
was given at the Eleventh Energy Technology Con-
ference in Washington, D.C., March 1984. 
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The U-GAS process is an ash agglomerating, fluidized 
bed, coal gasifier with recycle of cyclone fines, it is 
non-slagging and produces no liquid organic by- 
products. The process developers claim that the pro- 
cess can operate on all types of coal, including coking 
Eastern United States coals and also coal fines. The 
optimum operating pressures for the U-GAS process are 
believed to be in the 200-500 psig range for the pro-
duction of SNG, methanol, ammonia, or oxo-chemicals, 
or for combined cycle electric power generation. 

Reactor Design 

The PDU reactor has an 8 inch diameter x 3.5 foot 
length fluidized bed section, and an 18 inch dia-
meter x 8 foot high freeboard section. Instead of a 
refractory lined vessel, the PDU has a double metal 
wall with ceramic fiber insulation between the inner 
and outer wells. A refractory wall would be more 
difficult to install and maintain and also would allow 
too great a heat loss to the outer pressure-containing 
wall. The low heat loss of the double wall design 
enables adiabatic operation with all heat supplied by 
the char-oxygen reaction. The annular space is purged 
at a very low rate with nitrogen to prevent raw product 
gas condensanles from reaching the cold outer wall. 

Due to the high degree of thermal expansion anti-
cipated, nozzle connections were minimized. There are 
two connections, one each for the feed chute and bed 
sample, fabricated with one inch 310S5 pipe; each in-
cludes a flexible joint to allow for the radial expansion 
of the inner shell. 

PDU Operation 

The PDU construction was completed in 
September 1983. A shakedown run was performed to 
confirm the mechanical reliability of the reactor de-
sign. The following objectives were achieved: 

• Rapid and smooth start-up and shutdown; two 
hours for start-up and one hour for shutdown. 

• Stable reactor operation with automatic-mode 
process flow and pressure control. 

• Documentation of operating conditions con-
firming reactor operation at 18500 to 1900°F 
and 15 pslg. 

• Confirmation of the mechanical and thermal 
design basis at low pressure. 

• Confirmed system readiness for coal tests. 

For the shakedown tests and start-ups, coke Is used as 
the start-up material. This avoids the production of 
tars and oils in the lower temperature ranges. At low 
pressure, the PDU can process 60 to 70 pounds coal per 
hour. At high pressure, feedrates of about 400 pounds 
per hour can be attained. To date, no high pressure 
runs have been made. A test run with one ton of coal is 
estimated to cost $30,000 to $50,000.

CRESAP COAL LIQUEFACTION PILOT PLANT 
TO BE SOLD 

On July 11, 1984 the United States General Services 
Administration will offer the Cresap coal liquefaction 
pilot plant for sale by public auction. The plant will be 
sold as an entire unit, rather than in parcels. Some of 
the equipment from the plant has been removed for use 
at other facilities. Additional details of the sale can be 
requested from: 

Mr. Devane 
General Services Administration 
Disposal Division (4PD) 
15 Spring Street, SW 
Atlanta, Georgia 30303 
404/221-2147. 

The Cresap pilot plant is a fully integrated unit with a 
capacity of 20 tons per thy. The plant was constructed 
by the United States government in 1976 as a pilot 
plant to convert coal to fuel oil with naphtha as a by-
product. The property, located new Cresap in Marshall 
County, West Virginia, has been weatherproofed, pre-
served, and maintained since its closing in mid-1979. 

A generalized flow diagram of the facility is shown in 
Figure 1. The coal is first crushed using hammer and 
roller mills. This section of the plant has a maximum 
rate of four tons per hour. 

In the solvent extraction section, predetermined quanti-
ties of coal and solvent are mixed cold in a batch 
weight tank. This slurry mixture is preheated to 
approximately 750°F and about 400 psig. The slurry 
preheater was operated over the ranges of: 

15 to 37% slurry 
6 to 20 tons per day coal 
up to 920°F tube wall temperature 

with no indication of coking and lower-than-design 
pressure drop. 
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The preheated slurry enters the lath stage of a 12-
stage extraction column and passes downward through 
the vessel. The residence time in the extractor is 
typically 30 minutes. In the extractor the bulk of the 
coal transfers Into the solvent-rich liquid phase. The 
bottom stream from the extractor consists of a mixture 
of solvent, extract coal, and undissolved solid particles. 
This stream flows to the solids separation section. 
Minor quantities of water and light distillate are 
evolved as vapors, and are removed from the top of the 
extractor. These vapors are condensed and recovered 
for further processing in other sections of the plant. 

The objective of the solids separation section is to 
achieve a high recovery of the coal extract while 
rejecting the undissolved solids and mineral matter in 
the coal. This section is operated at about 150 psig and 
6000F. This section of the pilot plant is equipped with 
alternate means to achieve residue separation. 
Methods include three types of mechanical filtration, 
solvent deashing, and a two-stage liquid cyclone separa-
tion system. 

A vacuum fractionation unit is used to recover the 
recycle solvent from the solvent/extract stream. The 
concentrated coal extract is then reacted with hydro-
gen in the presence of a catalyst. The hydrogenation 
process serves two purposes: (1) desulfurization of the 
bulk of the extract to meet low sulfur boiler fuel 
specifications; and (2) hydrocracking a portion of the 
extract to produce a hydrogen donor solvent that Is 
recycled to the extraction section. The hydrogenation 
system uses an ebuliated bed design similar to that used 
commercially in H-oil operations. Two reactors In 
series are used, each designed to contain 470 pounds of 
commercial cobalt molybdenum catalyst. Each of the 
reactors is equipped with a liquid recirculation pump to 
return liquid from the top of the reactor to the bottom 
to control upflow velocity. Hydrogen is supplied by 
reforming natural gas. 

In the fractionation section, raw liquid streams from 
the hydrogenation step are recovered and separated 
into several products. The residual liquid is subjected 
to a vacuum flash and the lighter streams are processed 
by conventional fractionation to produce naphtha, donor 
solvent, and boiler fuel. Also, a light oil is taken as an 
intermediate product and blended with the boiler fuel 
as cutter stock to reduce its viscosity. 

The residue from the solids separation section is sub-
jected to low temperature carbonization which is analo-
gous to a single vessel, air-blown fluidized coking 
operation. The residue is injected through a spray 
nozzle into a fluidized bed of char maintained at 
elevated temperature by combustion with air. This 
operation recovers the solvent in the solids stream and 
additional coal-derived liquids by pyrolysis of the 
extract and the residue. 

The carbonizer overhead stream, consisting of fine 
solids, fixed gases, water, distillate and high boiling tar 
or pitch, is quenched with recirculating condensate. 
The vapors from this quench pass through an entrain-
ment separator to a second-stage quench for final 
condensation. Net gas make is rejected and some gas is 
recycled as required for fluidization purposes. The

recovered liquid, containing fine solids, solvent and 
high-boiling tar, is returned to the solids separation 
section. The net make of char Is withdrawn from the 
fluidized bed, slurried In water and pumped to a storage 
pond. 

In addition to the pilot plant the site is equipped with 
an administration building with analytical laboratories 
and offices, two warehouses, a machine shop, a tank 
(arm storage area, holding ponds, and a totally secured 
site. The utility sections of the plant provide water 
(portable, cooling tower water, firewater, and water 
treatment), nitrogen gas compression, inert gas genera-
tion, sewage and waste water treatment, emergency 
power generation, steam generation, instrument/plant 
air compression, natural gas and fuel oil. 
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CORPORATIONS 

KELLOGG-RUST BUYS CONTROLLING INTEREST 
OF WESTINGHOUSE SYNTHETIC FUELS 

In April 1984 the Westinghouse Electric Corporation 
sold controlling interest in its Synthetic Fuels Division 
and its coal gasification technology to Kellogg-Rust 
Inc. The new name for the company is KEW Energy 
Systems Inc. Kellogg-Rust Inc. is one of many operat-
ing groups of The Signal Companies, Inc. The techno-
logy has been developed in a 20 to 35 ton per thy pilot 
plant located new Waltz Mill, Pennsylvania. Several 
commercial demonstration projects are currently being 
evaluated for application of the KRW coal gasification 
system to various industrial and utility applications. 

SOHIO JOINS COOL WATER 

On April 5, 1984 the Board of Directors of the United 
States Synthetic Fuels Corporation (SFC) approved the 
participation of the Sohio Alternate Energy Develop-
ment Company (Sohio) as a contributor to the Cool 
Water Coal Gasification Project. (For a description of 
the project, see the articles beginning on page 4-1 of 
the September 1982 issue and page 4-7 of the Decem-
ber 1983 issue of the Pace Synthetic Fuels Report. The 
terms of the SFC's price guarantee commitment with 
the project sponsors are summarized on page 4-10 of 
the September 1983 issue.) Sohids participation in the 
project is formally defined in an agreement with the 
other project sponsors that was signed on February 6, 
1984. The Sohio agreement allows Sohio to obtain 
certain data and information relating to the design, 
construction, and operation of the project; to have per-
sonnel involved in program operation activities; and to 
specify and provide a domestic coal for a test For 
these rights Sohio has agreed to provide a one time 
payment of $5 million to the program. This payment 
will not increase the total capital funds available to 
Cool Water, but is intended to displace $5 million of the 
Electric Power Research Institute's (EPRVs) total obli-
gation. 

The SFC has determined that Sohids participation in 
the project will provide the following advantages: 

• Sohio, as a major energy corporation, provides 
validation and support to the integrated gasifi-
cation combined cycle (IGCC) technology, thus 
creating additional potential opportunity for 
replication. 

• Sohios participation provides additional process 
industry experience and input to program acti-
vities and objectives, and should assist in inter-
esting organizations other than utilities in 
future projects. 

• The testing of a coal from Sohids reserves in 
Indiana, Illinois, West Virginia, and Penztsyl-
vania should provide additional diversity with 
regard to coals that may be processed within 
the Texaco gasifier. 

• Sohids $5 million contribution will reduce 
EPRI's obligation to provide additional commit-

ted funds. Also, because Sohids contribution 
will not be recoverable as capital, it will reduce 
the total unrecovered capital that must be 
repaid by Southern California Edison to move 
into Phase II of the program's activities. 
Therefore, the prospects for economic viability 
in Phase II will be improved. 

The SFC also determined that Sohio's participation will 
not be detrimental to the project. The treatment of 
Sohids coal test is similar to that of the Empire State 
Electric Energy Research Corporation (ESEERCO) 
which is included in the existing SFC price guarantee 
commitment and, therefore, is not inconsistent with the 
way existing program parties are treated. Additionally, 
the SFC determined that participation by Sohio does 
not increase the total amount of SFC assistance to be 
provided to the project; does not change the total 
capital committed to the project; and given the speci-
fied testing procedures, does not create any significant 
Increased risk to the facility. 

In allowing Sohio to participate in the project, the SFC 
agreed to waive the provision of the price guarantee 
commitment that would otherwise require Sohio to 
indemnify the program against losses resulting from the 
coal test. The SFC also agreed that the syngas product 
from the Sohio coal test be recognized as "Eligible 
Product" as defined in the price guarantee commit-
ment, thus allowing the payment of price supports on 
the product. Sohio will not be deemed a project 
contractor for purposes of the price guarantee commit-
ment. 

In addition to the $5 million payment, Sohio agreed to 
conduct the test of their coal without interrupting the 
operation of the Cool Water plant. Sohio will also give 
the SFC access to personnel and records, and will allow 
licensing of any technology that may be developed from 
Sohids participation in the program to third parties on 
reasonable commercial terms. 

(Editor's Note: It is interesting to note that Sohio's 
participation in Cool Water closely follows their with-
drawal from the Paraho-Ute oil shale project and the 
withdrawal of the White River Project sponsor's request 
for SFC financial assistance. See page 2-5 of the 
March 1984 Pace Synthetic Fuels Reoort.) 
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GOVERNMENT 

DOW SYNGAS RECEIVES $620 MILLION PRICE 
GUARANTEE FROM THE SPC 

On April 26, 1984 the United States Synthetic Fuels 
Corporation (SFC) announced that it had signed a final 
contract awarding up to $620 million in price guaran-
tees to the Dow Syngas project. The project thus 
became the second project, after the Cool Water pro-
ject, to receive financial assistance from the SFC. 
(The SFC also administers the DOE price guarantee 
that was awarded to the Union Oil Parachute Creek 
Phase I oil shale project.) Dow Syngas, originally 
referred to as the Dowsyn project, applied to the SFC 
for assistance under the third general solicitation that 
ended January 10, 1983. The project passed the SFC 
maturity test on January 20, 1983 and was passed into 
Phase II negotiations with the SFC on March 24, 1983. 
A letter of intent, reproduced in the Appendix of this 
issue, was signed by the SFC on April 5, 1984. 

Details of the project were summarized in the March 
1983 issue of the Pace Synthetic Fuels Report beginning 
on page 4-1. The Dow coal gasification technology was 
explained on page 4-13 of the March 1984 issue. Brief-
ly, the Dow Syngas project is a coal gasification facility 
intended to produce 30 billion BTU per day of medium 
BTU gas from sub-bituminous coal. The project in-
cludes coal handling, grinding and slurrying facilities, 
an entrained bed gasifier, and hydrogen sulfide removal 
and sulfur recovery equipment. At full capacity the 
gasifier will use 2,400 tons per day of sub-bituminous 
coal. Project construction is expected to commence in 
the fourth quarter 1984 at a site within Dow's Louisiana 
Division complex in Iberville and West Baton Rouge 
parishes. 

The allowable feedstock for the project is defined as 
"Western sub-bituminous coal or other suitable coal 
feedstocks, including lignite.' t Dow is not allowed to 
use feedstocks from outside the United States, its 
territories, or possessions. Product from the plant is 
defined as medium-BTU synthetic gas produced by the 
facilities or other facilities owned by Dow that are 
constructed in lieu of (but not in addition to) the 
facilities. Specifications for the product are defined in 
Table 1. The product must be used as fuel, but the 
contract allows for price guarantees to be paid on gas 
that is used for non-fuel purposes (presumably flared) 
for up to 144 hours per calendar year. 

The terms of the award, as summarized in Table 2, 
provide for up to $620 million in price guarantees to the 
project. The guarantee price is $12.50 per million BTU 
higher heating value for the first 10,950 billion BTUs of 
production, and $11.00 per million BTU thereafter until 
the $620 million limit is reached. The discounted 
present value of the net assistance the SFC will provide 
to the project is estimated to be $3.15 per barrel of 
crude oil equivalent (COE) over the life of the project, 
on a pre-tax basis. Taking into account the fact that 
the price guarantees are taxable, the net assistance 
should average about $1.60 per COE barrel.

TABLE 1 

CHARACTERISTICS OF ELIGIBLE PRODUCT 
PRODUCED BY THE DOW SYNGAS PROJECT 

• Minimum High Heating Value: 200 BTU/SCF (dry 
basis) 

• Maximum impurities (by weight): 
Total Chlorides: 10 ppm 

Total Elemental Sulfur: 0.025% as adjusted to 
reflect permitted levels applicable to the antici-
pated fuel use in the gas turbines 

TABLE 2 

TERMS OF SFC FINANCIAL ASSISTANCE
TO THE DOW SYNGAS PROJECT 

SFC Assitanee—Maximum of $620 million in price 
guarantees. 
Taxpayer Recovery—For 16 years after the date of 
initial production. 
Estimated Net Cost—The estimated net cost of assist-
ance net of profit sharing and taxes is $1.60 per barrel 
over 25 years (in 1984 dollars). 
Guarantee Price—Initially $12.50 per million BTU of 
eligible product for the first 10,950 billion BTU and 
$11.00 per million BTU thereafter as adjusted quarterly 
for inflation after June 1983 based on a predetermined 
formula. 
Duration of Price Guarantee—The earlier of 10 years 
or the maximum aggregate payment of price guarantees 
as follows: 

• Primary price guarantee payments not to ex-
ceed in the aggregate $490 million. 

• Secondary price guarantee payments not to 
exceed in the aggregate $130 million, to be-
come available the month following the exhaus-
tion of the primary price guarantee payments. 
Secondary price guarantee payments not to 
exceed $40 million, $35 million, $30 million, 
and $25 million in the four succeeding 12 month 
periods. 

The price guarantee payments will begin with the 
commencement of initial production, which is defined 
in the award as no earlier than the date when the plant 
first produces product and no later than when the plant 
first produces 60 billion BTUs in the preceding 10 
consecutive calendar days. Dow believes initial produc-
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tion will occur in the first quarter 1987. The price 
guarantee period will last for a maximum of ten years 
or until the project receives a total of $620 million in 
payments. Commencement of commercial production, 
which is expected to occur by January 1, 1989 is 
defined as the date when the project produces 1,620 bil-
lion UTUs in the preceding 90 consecutive calendar 
days. Dow expects the useful life to be 20 years from 
the commencement of initial production. 

As previously explained, the guarantee price is initially 
$12.50 per million BTU, and is then reduced to $11.00 
per million BTU. The market price is defined in the 
contract as the weighted average price of the highest 
priced 40 percent of all natural gas purchased by Dow 
from United States gas suppliers for use in its Louisiana 
Division. Price guarantee payments for each month 
will be the arithmetic product of the amount of gas 
produced multiplied by the difference, if positive, of 
the guarantee price minus the market price. The 
invoicing forms contained in the final contract are 
reproduced at the end of the Dow Syngas letter of 
intent in the Appendix of this issue of the Pace 
Synthetic Fuels Report. 

The guarantee price is indexed for inflation from June 
1983 by the sum of three price indices as follows: 

• 30 percent of the Interim Mid-Quarter Index as 
contained in the quarterly index filings by the 
American Association of Railroads with the 
Interstate Commerce Commission. 

• 35 percent of the non-seasonally adjusted Pro-
ducer Price Index for Capital Equipment (Fin-
ished Goods) as published by the Bureau of 
Labor Statistics, Department of Labor. 

• 35 percent of the seasonally adjusted Fixed-
Weighted Price Indexes for Gross National Pro-
duct, 1972 Weights as published by the United 
Sates Department of Commerce. 

The price guarantee payments are subject to the fol-
lowing limitations (1) payments cannot exceed $30 mil-
lion for any calendar quarter during which the guaran- 
tee price is $12.50 per million BTU (i.e., the period 
from the commencement of initial production until 
10,950 billion BTUs have been produced); (2) after the 
aggregate amount of payments exceeds $490 million 
(the "end date") the aggregate amount of price guaran-
tee payments per calendar quarter cannot exceed 
$25 million - and (3) during the four consecutive 
12 month periods after the "end date" the aggregate 
amount of price guarantee payments cannot exceed 
$40 million, $35 million, $30 million, and $25 million, 
respectively. The quarterly limitations of $30 million 
and $25 million are indexed for inflation using the 
guarantee price index. 

A revenue sharing provision is included in the contract 
if the market price exceeds the guarantee price. The 
revenue sharing period begins with the commencement 
of initial production and ends 16 years after that date. 
Prior to the "transition date" (i.e., the date when net 
revenues for the project exceed $840 million) the re-
venue sharing payments made by Dow to the SPC will 
be the arithmetic product of the amount of gas pro-

duced multiplied by 50 percent of the difference of the 
market price minus the guarantee price. After the 
"transition date" the revenue sharing payments will be 
50 percent of the amount, if any, by which the net 
revenues exceed $2.95 million (adjusted for inflation). 
Net revenues are defined as the total revenues from the 
sale of product and by-product during any month, less 
the cost of the feedstock used by the project, including 
the delivery costs and all applicable severance, use, and 
other taxes. These revenue sharing payments cannot 
exceed $310 million or the amount of price guarantee 
payments that Dow has received. 

The contract includes numerous other provisions includ-
ing the following: 

• Provisions to terminate the contract if Dow 
determines that, based on economic considera-
tions, it would not be a prudent business deci-
sion to continue the project 

• Provisions to terminate the contract by the 
SFC if commencement of commercial product-
ion has not occurred by January 1, 1990 

• Testing of other feedstocks 
• Licensing of technology on commercially rea-

sonable terms 
• Environmental monitoring 

• Availability of utilities, water, and feedstocks 
• Reporting requirements. 

GREAT PLANS MAY RECEIVE PRICE 
GUARANTEE FROM THE SFC 

The United States Synthetic Fuels Corporation (SFC) 
announced on April 26, 1984 that a letter of intent had 
been authorized for the Great Plains Coal Gasification 
Project. Concurrently, the SFC directed the United 
States Department of the Treasury to set aside funds 
for the project. Sponsors of the project applied to the 
SFC wider the coal gasification solicitation explained 
on page 4-11 of the December 1983 Pace Synthetic 
Fuels Report. 

Terms of the letter of intent, summarized in Table 1, 
provide up to $790 million in price guarantees for the 
project. However, the letter of intent is not binding on 
either party. A definitive agreement must be signed by 
the SFC Board of Directors and the project sponsors 
before any awards will be actually provided to the 
project. As explained in the article entitled "Resig-
nations Render SFC Incapable of Making Awards" in 
this issue, the SFC Board presently does not presently 
have a quorum. Therefore, an award to the Great 
Plains project will not be possible until at least two new 
members of the SFC Board are appointed by the Presi-
dent and approved by the Senate. 

The SFC letter of intent is the culmination of over a 
year of controversy and negotiations regarding the 
economies of the Great Plains project. (See pages 1-23 
of the June 1983 issue, pages 4-2 and 4-18 of the 
September 1983 issue, 4-1 of the December 1983 issue, -
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TABLE 1 

TERMS OF THE SEC LETTER OF INTENT 
WITH THE GREAT PLAINS PROJECT 

SEC Assistance—Maximum of $790 million price guar-
antees 
Price Guarantee Amount and Term-1 years from the 
in-service date or until the maximum of $790 million 
has been reached 

Profit Sharizg-70 percent of after tax cash flow goes 
to the SEC after the DOE loan guarantee is repaid 

Estimated Net Cost-40 cents per barrel in 1984 dollars 
(net of profit sharing and taxes over the 30 year life of 
the project) 

Additional Equity—AU tax benefits and profits will be 
reinvested by the sponsors for three and one-half years 
alter execution of a contract by the SFC 
Guarantee Price—For the first three years, $10.00 per 
million BTU; for the duration of the price guarantee, 
$7.50 per million BTU, adjusted monthly for inflation by 
the Producer Price Index excluding food. 

and 4-4 of the March 1984 issue of the Pace Synthetic 
Fuels Report.) The project received a $2.02 billion loan 
guarantee from the United States Department of 
Energy (DOE) in 1981. However, recent drops in energy 
prices have resulted in Great Plains becoming poten-
tially economically unattractive, and the sponsors indi-
cated they would cancel the project. Hence, the 
proposed SEC assistance (if any) will mitigate the 
threat of the sponsors abandoning the project in the 
near future. The entire letter of intent is presented in 
the Appendix of this issue of the Pace Synthetic Fuels 
Report. 

The Great Plains Project is owned by a partnership 
consisting of Tenneco SNG Inc., ANR Gasification Pro-
perties Company, Transco Coal Gas Company, MCN 
Coal Gasification Company and Pacific Synthetic Fuel 
Company. The project, located near Beulah, North 
Dakota, will produce approximately 134,000 million 
BTU (23,100 barrels crude oil equivalent per thy) per 
stream day of high-BTU synthetic natural gas (SNG) 
from approximately 14,000 tons per day of North 
Dakota lignite. SNG will be delivered through the 
project's SNG pipeline connection to an interstate net-
work of gas pipelines. Construction of Great Plains 
began in the summer of 1981 and is now overall 
95 percent complete. Initialproduction is scheduled to 
begin in July 1984 with full commercial operation ex-
pected to be achieved by December 1984. 

The proposed SEC assistance specified in the letter of 
intent will be comprised solely of a price guarantee of a 
maximum of $790 million. The guarantee price initially 
shall be $10.00 per million BTU of eligible product from 
the in-service date for three years and $7.50 per mil-
lion BTU thereafter. In each case the guarantee price 
will be adjusted monthly for inflation after March 1984

by the Producer Price Index for Finished Goods Exclud-
ing Food, not seasonally adjusted ("PFi"). The market 
price for eligible product shall be that provided for 
under the gas purchase agreements specified by the 
Federal Energy Regulatory Commission (FERC). 
Monthly price guarantee payments will be made by the 
SEC based on the difference of the guaranteed price 
minus the market price multiplied by the amount of 
SNG sold in each month. In any quarter, the total price 
guarantee payments cannot exceed $75 million (ad-
justed for inflation after March 1984 by the PP1). Total 
price guarantee payments to Great Plains will not 
exceed $790 million for a maximum of no more than ten 
years. 

The terms specified in the letter of intent provide for 
profit sharing by the SEC. If the cumulative after tax 
cash now (CATCF) is positive for any quarter, the 
Great Plains sponsors must make payments of 90 per-
cent of the CATCF to repay the DOE loan guarantee. 
After the loan is repaid, profit sharing payments equal 
to 70 percent of the CATCF must be paid to the SEC up 
to a maximum of $1.58 billion (in March 1984 dollars). 

The letterof Intent also requires that the sponsors 
reinvest all tax benefits and profits for 3.5 years after 
contract closing. This additional equity commitment 
required by the SFC is estimated to be approximately 
$690 million. 

After accounting for profit sharing and taxes over the 
thirty year life of the project, the net SEC assistance 
to Great Plains is estimated to be 40 cents per barrel 
(crude oil equivalent) in 1984 dollars. 

SEC LETTER OF INTENT SPECIFIES $365 MILLION 
IN ASSISTANCE TO NORTHERN PEAT 

On April 26, 1984 the United States Synthetic Fuels 
Corporation (SFC) issued a letter of intent to the 
Northern Peat Energy Project sponsored by The Signal 
Companies, Inc. The SFC had previously directed the 
United States Department of the Treasury to set aside 
$365 million for the project. The letter of intent 
constitutes a statement of mutual understanding, but is 
not a binding agreement to provide financial assistance 
to the project. However, if the project is awarded 
financial assistance, the terms will be very similar to 
those specified in the letter of intent. The project will 
be owned and operated by Northern Peat Company 
which is a special purpose, wholly-owned subsidiary of 
Signal Energy Systems, Inc., itself a wholly-owned 
subsidiary of The Signal Companies, Inc. 

The Northern Peat Energy Project is located on 
300 acres near Milford, Maine. The project consists of 
the excavation and wet carbonization of peat for con-
version into pellets of peat-derived fuel (PDF) using the 
Peat Wet Carbonization Process, a proprietary process 
developed by J. P. Energy Oy of Finland. The project is 
expected to produce 290,000 short torn per year of 
PDF, equivalent to 2,745 barrels of oil per calendar 
day. A more complete description of the project 
appeared in the March 1983 Pace Synthetic Fuels 
Report on page 4-7. 
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As summarized iii Table 1, the maximum total SFC 
assistance to the project is $365 million in price and 
loan guarantees. The SEC's maximum loan guarantee 
liability initially shall be $160 million consisting of a 
maximum principal amount of $146.2 million and an 
initial interest allowance of $13.8 million. This amount 
Shall be reduced upon the conversion of SEC's loan 
guarantee commitment to price guarantee commit-
ment. SFC's price guarantee commitment initially shall 
be $205 million, which shall be increased dollar-for-
dollar upon the conversion of the SEC loan guarantee 
commitment into additional SEC price guarantee com-
mitment up to a maximum of $365 million. 

TABLE 1 

TERMS OF THE SEC LETTER OF INTENT 
WITH THE NORTHERN PEAT PROJECT 

SEC Assistance—maximum of $365 million in loan and 
price guarantees. 

Amount of Loan Guarantee—$160 million (including an 
allowance for accrued interest of $13.8 million). 

Amount of Price Guarantee__Initial price guarantee of 
$205 million. This amount will increase as the loan is 
repaid up to a maximum of $365 million. 

Guarantee Prlce—.$10.50 per million BTU of product as 
adjusted monthly for inflation after February 1984 by 
the non-seasonally adjusted Producer Price Index, ex-
cluding food. 

Price Guarantee Period—Ten years from initial produc-
tion. 

The guarantee price is $10.50 per million BTU of eligi-
ble product adjusted monthly for inflation after 
February 1984 by the producer price index ("PPI") for 
finished goods excluding food (not seasonally adjusted. 
The market price for any month is defined as the New 
York posted price for residual No. 6 fuel, 2.2 percent 
sulfur (potentially modified to take into account the 
effect of pricing clauses included in PDF sales con-
tracts and spot market pricing factors). The SFC 
monthly price guarantee payments will consist of the 
difference (if any) of the guarantee price minus the 
market price multiplied by the amount of product sold 
in each month. These payments cannot exceed $20 mil-
lion per quarter (adjusted for inflation). Price guaran- 
tee payments will be provided to the project for ten 
years after production is started. The terms of the 
letter of intent also provide for SFC profit sharing if 
the cumulative after tax cash flow exceeds $35 million. 

Miscellaneous provisions in the letter of intent include 
the following: 

• Project sponsors must have incurred costs in 
excess of $2.8 million prior to June 15, 1984 to 
develop the project.

• Project costs must be verified by an indepen-
dent estimate. 

• AU permits for the project can be obtained in a 
realistic time frame. 

• An acceptable Environmental Monitoring Out-
line is developed. 

• A marketing agreement has been signed with C. 
H. Sprague and Son, or alternative marketing 
arrangements have been executed. 

• Definitive agreements have been approved by 
the Boards of Directors of the borrower, the 
sponsor, the parent, and SFC. 

SEC EASTERN COAL COMPETITIVE SOLICI-
TATION ENDS WITHOUT AN AWARD 

The competitive solicitation for Eastern Province and 
Eastern Region of the Interior Province bituminous coal 
gasification projects ended on April 5, 1984 without 
financial assistance being awarded to any projects. The 
United States Synthetic Fuels Corporation (SFC) issued 
the competitive solicitation on June 30, 1983 (see the 
June 1983 PaceSynthetic Fuels Report on page 4-13 
for terms of the solicitation). However, only one 
project, Louisiana Synthetic Fuels, submitted a techni-
cal proposal and bid by the March 6, 1984 deadline. On 
April 5, 1984 the SFC announced that the project was 
"non-responsive to the requirements of the solicita-
tion." Therefore, the project was dropped from further 
consideration by the SFC. 

Originally eight projects expressed an interest in the 
competitive solicitation by submitting a preliminary 
qualification statement and statement of intent by 
September 16, 1983. These projects, each briefly de-
scribed on page 4-11 of the September 1983 issue, 
included Louisiana Synthetic Fuels, Sharon Steel, 
COCA-1, Scruagrass, Boston Edison, Ammonia from 
Coal, Ohio I, and Hornet Another project, Verdigris, 
was admitted to the solicitation by the SEC on Novem-
ber 15, 1983. Of these nine projects, five submitted 
qualification proposals to the SFC by the December 1, 
1983 deadline. These projects were Louisiana Synthetic 
Fuels, Sharon Steel, COGA-1, Scrubgrass, and Verdi-
gris. On January 5, 1984 the SEC announced that 
Louisiana Synthetic Fuels, Sharon Steel, and COGA-1 
were selected as qualified bidders under the competi-
tive solicitation. Finally, only the Louisiana Synthetic 
Fuels project submitted a bid, but was dropped from 
consideration. Hence, the solicitation ended without 
making any awards. 

The progress (or lack of progress) of each project in the 
solicitation is depicted in Figure 1. 
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SPC APPROVES DRAFT AMENDMENT TO COAL- 	 seams. These areas may extend under rough terrain or 
WATER FUEL SOLICITATION

	 near regions of relatively high population density. 

On April 26, 1984 the Board of Directors of the United 
States Synthetic Fuels Corporation (SFC) issued a draft 
amendment to the competitive solicitation for coal-
water fuel projects. The draft amendment, if approved, 
will allow project sponsors to request SFC price guaran-
tees for less than the full rated production capacity of 
the plant. However, assistance must be requested for 
at least the minimum amounts specified in the solicita-
tion (i.e., 1,000 barrels crude oil equivalent (COE) per 
stream day for industrial fuel burning facilities and 
3,000 barrels COE per stream day for electric utility 
plants). The draft amendment must now be approved by 
the SFC Advisory Committee before final adoption by 
the Board. 

The deadline for submission of proposals under the 
competitive solicitation is June 15, 1984. Final 
approval of agreements is expected by February 21, 
1985. Details of the terms of the coal-water fuel 
solicitation are summarized on page 4-11 of the Dec-
ember 1983 Pace Synthetic Fuels Reoort. 

MORGANTOWN CONTINUING DEVELOPMENT OF 
UCG FOR EASTERN BITUMINOUS COALS 

The Morgantown Energy Technology Center Is continu-
ing research and development activities to assess the 
potential of using underground coal gasification (UCG) 
to provide clean gaseous fuels from eastern bituminous 
coals. The overall goal for the research oriented 
project is to establish a data base for the recovery of 
energy from swelling bituminous coals that are present-
ly uneconomical to mine and use by current conven-
tional methods. Current emphasis is on the deep, thin 
seam, swelling, high sulfur bituminous coals located in 
the eastern half of the United States. 

In 1982, a study performed by Williams Brothers Engi-
neering Company for the United States Department of 
Energy (DOE) revealed UCG-amenable bituminous coal 
resources in ten states. The report suggested prime 
target resources for field test sites in Illinois, Ken-
tucky, and Ohio. Responses from a widely advertised 
request for expressions of interest indicated high inter-
est in cooperative support for this project, including the 
states as well as several industrial and private con-
cerns. 

The initial site selection effort involved the screening 
of over forty potential outcrop/highwall and deep seam 
test sites that were recommended by the three states. 
Evaluation of these sites, using available geographic, 
geologic, and hydrologic data, resulted in a ranking 
relative to the desirability for use as a test site. Final 
selection will be made upon ascertaining the availabi-
lity of the sites and the interest in project participation 
by the coal owners. 

Morgantown believes that site selection and characteri-
zation is a critical factor prior to the proposed field 
research activities because large areas may be required 
for the eventual commercialization of bituminous coal

Establishing and maintaining a permeable channel be-
tween process wells must also be evaluated. Of prime 
interest to Morgantown is the application of directional 
drilling techniques to establish long horizontal bore-
holes within the coal seam. By investigating various 
borehole channel length-to-diameter ratios, a viable 
channel may be established to permit continuous gasifi-
cation with tar condensation in this swelling resource. 
Stabilizing the link through reverse combustion or elec-
trolinking techniques may also be required. 

A data base will be developed through a coordinated 
program consisting of (1) supporting research involving 
laboratory studies and modeling, and (2) field tests 
involving open seam outcrop/highwall tests, and deep 
seam tests. A strong initial federal role is planned; 
however, as the technical risks are reduced, a decreas-
ing federal role with an increasing role by the state and 
industrial participants is anticipated. The METC Bitu-
minous UCG Project was funded in fiscal year 1983 and 
fiscal year 1984 to determine the potential for the 
project, to select a site for field testing, and to 
establish the supporting research activities. 

-
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ENERGY POLICY& FORECASTS 

BENEFITS OF It & D ON ALTERNATIVE GAS 
SOURCES SHOULD OUTWEIGH COSTS 

What is the "best" strategy for the nation to pursue in 
researching new gas supply technologies, including un-
conventional gas sources and coal gasification? This is 
the question addressed by K. G. Darrow of Gas 
Research Institute (Gill) and D. M. Nesbitt and R. A. 
Marshalla of Decision Focus Inc. in Energy Systems and 
Policy, Volume?, 1983. They attempted to estimate 
how the future would be affected by varying the level 
and type of effort devoted to gaseous fuel R & D. The 
future value of such efforts will of course be deter-
mined by the technical success of the efforts and by 
external events which set price levels in the energy 
markets. 

Their approach in studying this question was to use a 
comprehensive model of the United States energy sys-
tem called the Generalized Equilibrium Modelling Sys-
tem (GEMS). This model is designed to predict future 
market clearing prices and demand. The GEMS enum-
erates separately: 

• All in-the-ground energy resources 

• All extraction, conversion, transportation, and 
distribution technologies 

• All end-use conversion technologies.

All possible chains from resource to end-use are speci-
fied and GEMS then sorts through the thousands of 
technology chains in the network to find those that are 
the most competitive. GEMS then determines energy 
costs and prices at every link of every chain at each 
point in time. These prices, in turn, determine the 
quantities flowing in every chain. Thus the GEMS 
synthesizes market information (equilibrium prices and 
quantities) from technical information (network dia-
gram and engineering Judgments for every technology in 
the diagram). 

The model data base consists of capital costs, operating 
and maintenance costs, thermal efficiencies, annual 
loads, and dates of commercial availability for existing 
and potential future technologies. It includes: 

• Coal and biomass conversion cost and perfor-
mance estimates. These are summarized in 
Table 1. 

• Electric generation cost estimates. 

• Natural resource estimates including both pro-
duction cost and return on capital. The curves 
used for unconventional gas are given in 
Figure 1. 

• End-use costs for residential and commercial 
and the industrial sector. 

TABLE 1

SUMMARY OF SYNTHETIC FUELS ECONOMICS USED IN MODEL 

Specific Unit 
Capital Cost Operating Cost Thermal 

(s/MM BTU/Yr) (s/MM BTU) Efficiency 
Year First Mature First Mature First Mature 

Process	 Available Plant Industry Plant Industry Plant Industry 

Advanced H BTU Gas from: 
Western Coal 1992 27.97 23.31 1.99 1.66 0.58 0.70 
Eastern Coal 1992 30.72 25.60 2.59 2.16 0.53 0.64 

Lurgi H BTU Gas from Western Coal 1986 34.23 28.57 1.79 1.49 0.49 0.59 
L.urgi M BTU Gas from Western Coal 1995 22.36 18.63 1.22 1.02 0.45 0.54 
M BTU Gas from Eastern Coal 1995 26.71 22.26 2.71 2.26 0.57 0.68 

Land Biomass Gasification 1993 18.11 15.09 6.72 5.60 1.00 1.00 
Marine Biomass Gasification 1955 65.15 54.29 2.63 2.19 1.00 1.00 

Syncrude from Coal 1990 36.26 30.22 3.70 3.08 0.57 0.69 
Gasoline from Coal 1990 37.24 31.03 3.53 2.94 0.43 0.52 
Methanol from Coal 1990 37.24 31.03 3.05 2.94 0.47 0.57 

Solvent Refined Coal: 
SRC-1 1990 20.16 16.80 2.88 2.40 0.58 0.70 
SRC-II 1990 29.40 24.50 2.56 2.13 0.53 0.64 

Crude Oil Refinery - 1.96 1.76 0.32 0.29 0.95 0.95

• Thermal efficiency refers to the ratio of the energy content of the primary product divided 
by the energy value of the feedstock. It does not include the energy value of by-products. 
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Design of Scenarios 

The analysis focused on three uncertain variables: gas 
technology R & I) results (three outcomes), world 
hydrocarbon prices (two outcomes), and coal and elec-
tricity prices (two outcomes). Of the 12 possible 
combinations of these outcomes, the study analyzed 
only six to make the following comparisons: 

• The benefits of a high gas technology future at 
high and low imported oil prices. 

AS The effects of technological failure of uncon-
ventional gas. 

• The effects of high coal and electric prices on a 
high gas technology future. 

• The economic costs of higher imported oil 
prices and how these costs are affected by 
advanced gas technologies. 

The three gas technology R & D scenarios were named 
the high gas technology scenario, the low gas techno-
logy scenario, and the low, unconventional gas scenario. 
The high gas technology scenario assumed that gaseous 
fuel R & D is successful at current funding levels as 
estimated by GRI. The scenario assumed significant 
technological advances in unconventional gas; land, and 
marine biomass gasification; coal gasification; gas fuel 
cells; and gas-fired heat pumps. 

By contrast, the low gas technology scenario assumed 
the following-. 

• Resource costs for unconventional gas are 
doubled, and availability is reduced by 15 per-
cent compared to the high technology case. 

• No advances are made in gas-related techno-
logy (either through lack of funding or techno-

logical failure). 
• There are no gas heat pumps, no fuel cells, no 

advanced gasification processes, and no gasifi-
cation of biomass. 

• Lurgi gasification of western coal is available. 

The third scenario, the low, unconventional gas 
scenario, was adopted to explore the impact of It & D 
on exhaustible sources of supply (western tight gas 
sands, eastern Devonian shales, and methane from coal 
deposits). This scenario was identical with the high gas 
technology scenario, except for the unconventional gas 
sources, which were identical with the low gas techno-
logy scenario assumptions. 

The Worth of Successful Gas It & D 

To measure the benefits of It & D, the researchers 
computed the reduction in total fixed plus variable 
costs necessary to meet demand for energy services. 
This measure is approximately equal to the increase in 
GNP brought about by It & D. Future benefits and 
costs were discounted to obtain the present value of the 
increase In economic activity brought about by success-
ful It & D. 

It was found that the value of a successful gas K & I) 
program would be $340 billion if world energy prices 
are high and $333 billion if world prices are low. That 
this value is relatively insensitive to future world prices 
is a significant finding. The model runs indicate that 
even if gaseous fuel K & I) is unsuccessful, old gas 
technologies will displace imported oil in stationary 
thermal applications over the range of world prices 
considered ($55 per barrel in 1980 dollars, in 2000). If 
gaseous fuel It & D succeeds, new gas technologies will 
displace imported oil in the same stationary thermal 
applications. Thus, over the range of world prices 
tested, gas will displace oil in any event and the rate of 
displacement is only slightly accelerated by R & D. 

The magnitude of gas supply appears less sensitive to 
the K & 0 outcome for gaseous fuel technologies than 
is the composition of that gas supply. If gaseous fuel 
K & 0 succeeds, the gas that displaces imported oil 
(and other fuels) will come from different, less costly 
sources than it will if gaseous fuel K & D fails. Thus, 
new gaseous fuel technologies would compete success-
fully against both old gas technologies and imported oil. 
According to the model, successful gaseous fuel K & 0 
will do little to mitigate the bad effects of high world 
oil prices. This is because gas will displace imported oil 
whether or not K & 0 is successful. The rate at which 
such displacement occurs is relatively insensitive to the 
cost of gas as long as it is below that of imported oil. 

Effects on Future Gas Consumption 

Table 2 summarizes the gas supply balances resulting 
from the six scenarios studied. Total consumption in 
2000 ranges from 22.8 to 27.0 quadrillion BTUs per 
year, increasing across the scenarios as gas becomes 
relatively more competitive. Several important con-
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TABLE 2 

COMPARISON OF GAS SUPPLIES BY SOURCE FOR 2000
(Quadrillion BTU Per Year) 

High Gas 
Low Gas Low Gas Low UC High Gas High Gas Technology! 

Technology! Technology/ Gas! Technology! Technology! High Coal, 
Low World Low World High World Low World High World Electric, and 

Gas Source Price Price Price Price Price World Prices 

Conventional Lower 14.8 15.1 14.9 14.3 14.3 14.7 
48 States 

Alaskan' 1.6 1.6 1.6 1.6 1.6 1.6 
Unconventional 3.3 3.5 3.7 6.9 7.1 7.6 
Imports (Mexican, 2.3 2.1 2.1 1.0 1.0 1.7 

Canada, LNG) 
Synthetics (Coal 0.7 0.9 1.2 0.4 0.6 1.4 

and Biomass) 
Total 22.7 23.2 23.5 24.2 24.6 27.0

'Alaskan gas quantities are assumed equal in all cases 

clusions were reached by the researchers based on the 
model runs: 

• Natural gas prices are likely to escalate upon 
decontrol, but the market clearing price for gas 
at the wellhead will remain significantly below 
that of crude oil on an equivalent energy basis. 

• Successful R & I) on gas supply technologies is 
likely to lower the average wellhead price of 
gas largely through the addition of 400 to 
700 trillion cubic feet of unconventional natural 
gas to the resource base. 

• Higher imported hydrocarbon prices are not 
likely to have a large impact on domestic 
natural gas prices. 

The results indicate that gas will continue to be priced 
lower on a BTU basis than electricity or oil but higher 
than coal. Oil is more expensive than gas on a BTU 
basis and therefore is not likely to be competitive in 
the residential sector. However, an electricity-to-gas 
price ratio of approximately 2.0 in 2000 means that 
successful R & D on gas-based appliances may be 
needed to maintain the historical market share against 
electricity. 

The analysis indicated that natural gas competes 
extremely well against residual oil in all stationary 
thermal markets in the industrial sector. 

Contribution from Supplemental Sources 

Domestic supplemental sources (i.e., unconventional 
and synthetic gas) should assume more importance, if 
R & D is successfuL Table 3 shows that suppiementals 
(including unconventional gas) would provide 3.3 more 
quadrillion BTUs in 2000 under high technology assump-
tions than under low technology assumptions. However, 
unconventional gas production itself is 3.6 quadrillion 
BTUs higher in 2000 under high technology assumptions

TABLE 3 

CHANGES IN NATURAL GAS SUPPLIES DUE
TO SUCCESSFUL GAS R & D PROGRAMS

(Quadrillion BTU Per Year) 

2000	 2010 

Change In Gas Prodetion from 
New Technologies 
Unconventional 	 3.6	 2.5 _ 
Synthetics	 -0.3	 0.5 

Total	 3.3	 3.0 

Change in Conventional Gas Supplies 
Domestic and Alaskan	 -0.8	 0.1 
Imports	 -1.1	 -1.3 

Total	 -1.9	 -1.2 

Change in Total Gas Supply	 1.4	 1.8 

than under low. Successful R & U in all areas makes 
significantly more unconventional gas available, there-
by delaying the need for other sources such as coal 
gasification. This delay is reflected in a 0.3 quadrillion 
BTU decrease in coal gasification in 2000. 

The Hedge Value of Coal and Biomass 
Gasification 

Noting that success in the unconventional gas program 
delays the need for synthetic gas, should R & D aggres-
sively pursue synthetic gas? Does synthetic gas provide 
an effective hedge against the possibility that uncon-
ventional gas R & D might fail? 
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CR1 technical staff estimated probabilities of technical 
success for unconventional gas ft & D to be 60 to 
70 percent. These high probabilities of technical suc-
cess and the resulting high economic payoffs justify 
continued ft & C) investment in unconventional gas. 
However, there is a 30 to 40 percent chance that 
unconventional gas ft & C) will fail. Facing a 30 to 
40 percent chance thathis "best bet" will not pay off, 
an astute investor will seek to diversify to minimize 
aggregate risks. Coal and biomass gasification provides 
opportunities for such diversification. 

The authors feel that coal and biomass gasification 
technologies are examples of hedge technologies. Com-
paring Scenarios 2 and 4 (see Figure 2), the contribution 
from synthetic gas doubles in 2000 and increases by 
20 percent in 2010 compared to the cases where uncon-
ventional gas It & U is successful. Table 4 emphasizes 
this point.

FIGURE 2 
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The role of synthetic gas as a hedge against the possible 
failure of unconventional gas is evident. However, 
synthetic gas fills another important role, that of a 
long-run or "backstop" source of gas. Its principal 
impacts will be felt after natural and unconventional 
gas begin to deplete. Even if unconventional gas ft & I) 
is successful, it is a resource-limited source of gas 
supply that may show peak production after 25 years. 
(This is about the length of time already observed in the 
Gulf Coast for conventional gas.) Coal and biomass are 
elastic and renewable sources of supply, respectively. 
Their success can assure supplies over a much longer 
time frame. Figure 2 shows that successful develop-
ment of unconventional gas merely delays the need for 
an elastic or renewable source of supply. Prior to 2000, 
a successful unconventional gas program delays the 
need for coal gasification from five to ten years. After 
2000, however, the change is very small, and after 2015

coal gasification is a more important source of supply 
regardless of the outcome of unconventional gas 
research. 
Effects on Gas Demand 

The customer has no way of knowing if the gas he is 
using comes from an old gas field, a coal gasification 
plant, or from Mexico. In the absence of price controls, 
a new source of supply competes at the meter on the 
basis of price among all other sources of supply. Only 
to the extent that this competition affects the average 
gas cost is consumer demand affected. 

Successful gas It & 0, according to the model runs, 
increases gas production in 2000 by only 1.4 quadrillion 
BTUs per year relative to failure. It might be argued, 
in view of such modest demand changes, that gas supply 
It & 0 is not needed. However, the success of advanced 
supply technologies will benefit all consumers by lower 
gas prices than would be possible without such techno-
logies. Not only is an additional 1.4 quadrillion BTUs 
per year provided by successful ft & 0, but the average 
price of all gas is reduced by 60 cents per million BTU 
for a net reduction in the cost of gas of up to 
$15 billion per year.

TABLE 4 

COMPARISON OF GAS SUPPLIES IF
UNCONVENTIONAL GAS SUCCEEDS OR FALLS 

(Quadrillion BTU Per Year) 

Effect of World Oil Prices 

World oil price forecasts have proved notoriously unre-
liable. Without attempting to forecast prices specifi-
cally, the model was used to measure the economic 
costs imposed on the nation by high import prices 
relative to low import prices. 

The low oil price case resulted in an additional 2.1 to 
2.5 quadrillion BTUs of oil imports in 2000 for the high 
and low technology cases, respectively. This difference 
in oil imports grows to 3.9 to 4.3 quadrillion BTUs by 
2010. An aggressive gas technology program was found 
to reduce the level of oil imports by 0.6 to 1.0 quadril-
lion BTUs per year in 2000. 

Other sources of oil compete with imported oil, and 
their contributions are lower if import prices are lower. 
To the extent that overall oil price levels are reduced, 

2000 2010 
Succeeds Fails Succeeds Fails 

Gas Source: 

Domestic Conventional 15.9 16.5 11.4 11.4 
(Including Alaska) 

Unconventional 7.1 3.7 6.6 3.9 
Imports 1.0 2.0 1.1 1.9 
Synthetics 0.6 .1.2 5.2 6.1 

(Biomass and Coal) 

Total 24.6 23.4 24.3 23.3
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2000 2010 
High Low High Low 

Tech. Tech. Tech. Tech. 
Case Case Case Case 

Oil Imports +2.1 +2.5 +3.7 +4.3 

Other Supply Changes 
Synthetic Liquids -0.8 -1.0 -2.9 -3.6 
Domestic Production -0.8 -0.7 Negligible +0.1 
(Including Enhanced 
Oil Recovery) - - - - 

Total -1.6 -1.7 -2.9 -3.5 

Demand for Liquids 0.5 +0.7 +0.8 0.8

TABLE 5 

EFFECT OF LOWER WORLD PRICES ON 
LIQUID FUEL CONSUMPTION UNDER 

DIFFERENT ft & D OUTCOMES
(Quadrillion BTU Per Year) 

the demand for oil increases. Table S reflects these 
changes by measuring the differences between 
scenarios. Increases in oil imports when prices are low 
are accounted for in approximately equal parts by 
decreased synthetic liquids, increased oil consumption, 
and decreased domestic production through 2000. After 
2000, most of the increase in oil imports offsets synthe-
tic liquids production. 

The largest fraction (75 to 80 percent) of the changes in 
oil consumption occurs in the industrial sector. Almost 
all of this consumption change is made one-for-one 
against gas. 

Conclusions 

• Successful gaseous fuel R & D can provide 
future economic benefits whose present value is 
$340 billion, measured at a 5 percent real rate 
of discount. 

• Total gas supplies in 2000 should range between 
22.8 and 27.0 quadrillion BTUs per year. This 
range is very sensitive to the price of coal and 
electricity, moderately sensitive to the R & D 
outcomes, and relatively insensitive to the 
price of oil. 

• Unconventional natural gas resources are the 
most important supplemental sources of gas 
supply between now and 2005. 

• Coal gasificatidn and biomass are the most
important supplemental sources after 2005. 

• Unless future coal and electricity prices are 
higher than expected, growth in residential and 
commercial gas consumption is unlikely. 

• The value of a successful gaseous fuel R & D 
program is virtually unaffected by world hydro-
carbon prices (across the narrow range tested). 
The reason is that gas displaces oil from statio-
nary uses even without new technologies.

• The benefits of successful gaseous fuel R&D  
occur primarily because new, less expensive gas 
supply and utilization technologies are chosen 
over technologies that would otherwise have to 
be used. 

SPA PACIFIC PRESENTS FORECAST OF PROSPECTS 
FOR COAL GASIFICATION 

Dr. A. James Mull with SPA Pacific (formerly Synthetic 
Fuels Associates) believes that prospects for coal gasi-
fication projects look better outside the United States 
than inside. The Great Plains project being built at 
Beulah, North Dakota, probably will not be duplicated 
in the United States until 2000 or beyond according to 
Moll. He observes, however, that other count-
ries—specifically Japan and Germany—are very com-
mitted to coal conversion. Dr. Mull presented these 
opinions to the Denver Chapter of the international 
Association of Energy Economists on March 27, 1984 in 
a talk titled "Coal Gasification: A Global Approach." 

Dr. Moll breaks the history of coal gasification down 
into four periods. During 1792 to 1930 small atmo-
spheric pressure "gas producers" operated. The second 
period began in 1930 when the German company Lurgi 
developed pressurized coal gasification out of the Ger-
man metallurgical coal experience. Lurgi developed 
both the fixed bed gasifier and the fluidized bed Wink-
ler gasifier. Out of these technologies they developed 
the Fischer-Tropsch liquefaction process. Production 
of synthetic fuels from these processes in Germany 
during World War II reached the equivalent of about 
100,000 barrels per thy. 

After World War II the Ames removed the German 
equipment and from some of these components, accord-
ing to Mull, the United States developed the Koppers-
Tokzek gasifier. During the third period of 1948 to 
1910 improved gasifiers were installed first in indus-
trialized countries and then in lesser developed nations. 
The fourth period began in 1973 when massive new 
interest in coal gasification developed due to the 
United States natural gas shortage and the rise in oil 
prices. 

Dr. Moll observes that coal gasification is quite active 
in the world today. Three "Sasol" plants in South Africa 
are producing over 100,000 barrels per thy of liquid fuel 
via coal gasification and Fischer-Trosch synthesis. He 
notes that Sasol I became more of a chemical plant 
than a fuel plant, while Sasol U and 

ill production is 
subsidized. Coal gasifiers are operating in Greece, 
India, South Africa, Turkey, and Zambia, producing 
mostly ammonia. Numerous small, mostly obsolete 
gasifiers are operating in South Africa. More impor-
tantly, modern commercial demonstration plants are 
being built or started up in Germany, Japan, the United 
Kingdom, and the United States. Table 1 shows a 
selected list of coal gasification projects under con-
struction at mid-1983. 

In the United States Moll observed that the Great 
Plains facility being built at Beulah, North Dakota, is 
the only one of several ambitious gasification projects 
proposed in the 19705 to be built. He felt that many of 
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TABLE 1 

SELECTED COAL GASIFICATION PROJECTS UNDER CONSTRUCTION 
(Mid-1283) 

Project Name/Location Product Technology/Devetoper Fee.Stocic Start-Up 

Kilngas Low-BTU Fuel Gas Kung" Bituminous-aGO Toref Mid-1913 
East Allen, Illinois (USA) Allis-Chalmers Day 

Dow Chemical Medium-BTU Fuel Gas or Dowsyn Lignite-800 Tore/Day Late-1983 
Plaquemine, Louisiana (USA) Synthesis Gas (Dry Basis) 

Tennessee Eastman Synthesis Gas Texaco Coal Gasification Bituminous Coal Late-1983 
Kingyport, Tennessee (USA) Texaco Development 900 Tore/Day 

Westfield Demonstration Medlum-BTU Fuel Gas BGC/Ltrgl Sl.gglrg Gash let Bituminous Coal Early 1984 
Westfield Scotland (UK) British Gas and Lurgl 700 Tons/Day 

Cool Water Medlum-STU Fuel Gas Texaco Coal Gasiflestion Bituminous Coal Mid-1984 
Daggett, California (USA) (Electric Power) Texaco Development 1,000 Tors/Day 

Great PleI,s Coal Gasification Synthetic Natural Gas Lurgi Dry Ash Gesiliet Lignite-9,000 10.5/Day Mid-1984 
Mercer County, North Daleota (USA) LUTO (Dry Casts) 

Ube Chemical Synthesis Gas Texaco Coal Gasification Bituminous Coal or Mid-1984 
Ube City, Japan Texaco Development Coice-1,500 Tore/Day 

China National Technology Synthesis Gas Lurgi Dry Ash Castt let Anthracite Coal 1984 
Import Company, Beijing, PRC Lurgt 1,400 Tots/Day 

Rhelnbraun Synthesis On High Temperature Winkler (1ITW) Brown Coal-600 Tom/ 1985 
Huerth, West Germany Rheltatsn Day - (Dry Basis)

these plans were extremely ambitious and poorly drawn. 
Originally the Great Plains project was scheduled for 
completion by 1975 for $250 million with a capacity of 
250 million cubic feet per day of SNG. Now the project 
which is finally nearing completion is one-half that 
capacity and ten times the price. 

Other countries—specifically Japan and Germany—are 
very committed to coal conversion according to Moll, 
and are still building demonstration plants. Those 
countries likely will build their own large-scale plants 
in the 1990s and in other countries such as Australia 
and perhaps Canada. 

In examining coal gasification economics, Moll said that 
the typical cost of fuel gas, including return on invest-
ment, is at least $60 per barrel crude oil equivalent 
($10 per million BTU). Gasification projects are capital 
intensive, and do not qualify for the tax advantages 
inherent in petroleum exploration. Therefore, it Is not 
possible to compete on a tax basis for investor fun. 
He also explained that coal gasification plants are very 
complex, being both complicated to construct and man-
age during operation. 

Evaluating products from coal gasification, Moll does 
not believe that methanol production is economic at 
present. However, he does believe that methanol from 
natural gas will become competitive with gasoline. For 
this to become an important industry, automotive man-
ufacturer, will need to fit cars for methanol consump-
tion before they leave their plants. He said that 
methanol would initially be produced from natural gas 
and then from coal. He believes methanol is likely to 
go in either one direction or the other, becoming either 
a major fuel or a "long-forgotten curiosity." 

Mon believes that synthesis gas chemicals could be a 
sizeable industry in 15 to 20 years. He observed that 
the Tennessee Eastman synthesis gas facility which is 
now in production at Kingsport, Tennessee has appar-
ently found an economic niche in producing acetic 
anhydride together with methanol. He said that chemi-

cal companies are looking increasingly at coal as a 
desirable starting material. 

Developing out of the Cool Water project at Daggett, 
California, Moll foresees that United States electric 
power companies will consider combined cycle plants to 
join synthetic fuels production with electric power 
generation. Due to the complexity of construction and 
operation, such facilities may be owned and operated by 
organizations separate to the existing electric utilities, 
such as is now being proposed for nuclear power sta-
tions. 

Moll reviewed the factors he felt needed to be taken 
into account in constructing coal gasification facilities. 
It is crucially important that the technology fit the 
properties of the coal, and the desired products. It is 
also important that any gasifier be demonstrated at fuli 
size and that the coal to be gasified be tested in a full 
size gasifier. Therefore, he believes a full size test 
plant must be built at an investment of about $200 mil-
lion to test these factors. 

From an environmental and political standpoint, he 
suggests that site selection should be made so as to 
minimize problems. The project owner needsto be 
tough with government agencies, and not allow the 
project to "become a golden goose to be plucked." He 
believes making the project truly non-polluting is the 
best insurance against trouble. He also believes that 
the owners should not accept money from the govern-
ment. In explaining this latter suggestion, Moll 
observed that a lot of good projects had been side-
tracked by delays in writing proposals for the govern-
ment. By the time the additional paperwork had been 
taken care of, the market for the product had disap-
peared. 

SPA Predictions 

Dr. Moll provided a number of SPA Pacific predictions 
for the synthetic fuels industry for 2000: 
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• 2 quadrillion BTU annually of clean fuel or 
synthesis gas in the United States. The clean 
fuel includes production from oil shale, while 
the synthesis gas will come from only the Great 
Plains plant. 

• 2 quadrillion BTU of production annually in the 
rest of the world. 

• $250 billion (1984 dollars) will be spent to build 
these plants. He noted that It would take about 
40 to 50 plants the size of Great Plains to 
produce 2 quadrillion BTUs. 

• Petroleum will continue to dominate the fuel 
markets well beynd 2000, but alternative 
energy sources will have an Impact. Although 
oil prices probably will be very high, the syn-
thetics should set a limit on the rate of in-
crease for oil prices, and probably save con-
sumers more than $250 billion.
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ECONOMICS 

GASIFICATION/FUEL CELL OPTION SHOWS FAVOR-
ABLE COSTS FOR SMALL POWER PLANTS 

The Electric Power Research Institute (EPRI) recently 
published the results of a study conducted by The 
Ralph M. Parsons Company that analyzed the feasibility 
and costs of tour types of small electrical power plants. 
The title of the report is "Assessment of Options for a 
20 to 30 megawatt(S) Lignite-Fueled Cogeneraton 
Power Plant" (EPLU EM-3334). As depicted in Figure 1, 
the options that were analyzed in the study were 
gasification with phosphoric acid fuel cells, gasification 
with a combustion turbine, atmospheric fluidized bed 
boiler, and direct-fired boiler. The direct-fired boiler 
option showed the lowest busbar power cost of $0.066 
per KWH and the gasification/combustion turbine or 
tion had the highest cost of $0.081 per KWH. However, 
due to the +1-15 percent accuracy of the estimates, the 
cost differences are not considered to be significant. 

The purposes of the study were to refine and optimize a 
gasification/fuel cell system developed in a previous 
EPRI study, to develop cost estimates for the system 
that are accurate to +1-15 percent, and to assess the 
environmental implications of the technology. This fuel 
cell power plant information was then compared to 
similar data for the three other technologies. Basic 
design criteria for the study were: 

• The use of North Dakota lignite as fuel (Indian 
Head Mine) 

• The generation of 100;000 pounds per hour or 
more of 175 psia saturated steam 

• Production of the maximum amount of electric-
ity possible after meeting the export steam 
criterion 

• A grass roots facility on an undeveloped 200 
acre site located in Willmar, Minnesota. 

The study analyzed the environmental requirements for 
each of the four process options. Necessary environ-
mental controls were selected to meet the specific 
restrictions of the Willmar site. The environmental 
analysis examined air quality, water consumption, 
wastewater management, solid and liquid waste dispo-
sal, noise, nuisance, and permitting. Major waste 
streams and potential control methods are listed in 
Table 1. 

Gasification/Fuel Cell Option 

A "generic" fixed bed, atmospheric gasification process 
was selected for the analysis. For the study, six 
gasifiers each with a feed capacity of approximately 
10,200 pounds per hour were selected to gasify the 
lignite. The gasifiers are air-blown, and thus produce 
low-BTU synthesis gas. 

Product gas is cleaned and cooled in a process train 
consisting of cyclones, direct contact water scrubber, 
and electrostatic precipitators. Oils and tars from the 
scrubber and compressor intercooler are separated from 
the water and are fed to a fired steam generator. The

packaged type boiler would produce steam at 1,250 psia 
and 704°F. This steam would be expanded through a 
backpressure steam turbine to produce 1.5 megawatts 
of electrical power and 175 psia exhaust steam for 
export. Fines removed from the product gas are sold 
off site. 

The cleaned syngas from the gasifiers is compressed, 
then shifted over cobalt-molybdenum catalyst to pro-
duce hydrogen. Residual COS is removed by treatment 
with a promoted alumina catalyst and ZnO. A Stretford 
unit was selected to remove hydrogen sulfide from the 
stream and thereby produce elemental sulfur. The gas 
treatment system was designed to supply hydrogen to 
the anodes of the fuel cells as specified in Table 2. 

TABLE 2 
FUEL CELL REQUIREMENTS 

Anode 

Fuel Impurities (maximum) 
CO 2.0% by volume 
112S + COS 1 ppm 
C2H4 + C2H2 10,000 ppm 
NH3 0.5 ppm 
Cl- 0.5 ppm 
Particulates 0.1 mg/m3 

Flow Rate (per power section) 
H2 (minimum) 775 lb mole/hr 

(1,562.4 lb/hr) 
Hydrogen Utilization 85% 
Pressure l2Ojsia 
Temperature 405'P 

Cathode
Air Composition Standard ambient 
Flow Rate (per stack) 

02 (minimum) 470.46 lb mole/hr 
(15,055 lb/hr) 

Pressure 120 psia 
Temperature Inlet/Exit 390°F/405°F 

• 02 Utilization 70% 

Fuel Cell Water Purity 

Anions: 
so4 s ppm 
NO3 5 ppm 
Cl Sppm 
PO4 1 ppm 

CO2 450 ppm (wt) 
PH 5.0 to 7.0 
Conductivity 60 micromho/cm max 
Metallic Corrosion Products 10 ppm 

to Balance Anions 
Suspended Material 10 ppm 
Si02 0.3 ppm

* Parsons determined that 1 ppm cannot be achieved 
with commercially proven technology. The analysis 
was conducted on the basis of cleaning up to the 
lowest possible level using commercially proven tech-
nology (7 to 8 ppm) while the fuel cells' tolerances to 
this level of sulfur is confirmed.

- 
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TABLE 1 

MAJOR BYPRODUCT STREAMS - DISPOSITION 

Screen Type	 Applicability' 

.451 cm Fines	 IFC. Gil 

Cyclone Dust	 Ft. Gil 

Gasifier Ass	 (Ft. Gil 

aast. fromEffluent
	

(FL Gil 
Treatment and 
Disposal 

Elemental Sulfur
	

(ft. Gil 

Shift Catalysts
	

(FCi 
(Come) 

COS Hydrolysis
	

(Ft I 
Catalyst iAl,ninai 

il2S Removal Catalyst
	

dci 
IlnOl 

Purged Stretford
	

(Ft. BIT 
Solution 

Ammonia From act
	

RFC. Gil 
oxidation System 

iar/OiI Frem
	

I Ft • Ci I 
Gasification System 

Runoff Frow Process
	

Ft. CT. 
and Storage Areas
	

TB. CO ) 

Boiler Asia
	

(ft. CT. 
El, CS) 

Fuel Cell Catalyst
	

iFCi 

Catalytic Custer
	

(PCI 
Catalyst 

Cooling lower Ilowdown
	

(FB, CII 

Na2SO EGO
	

itI) 
Solution idilutei

Disposition Options 

al Sold to local 
"Dl Briquetted and solo to local user( 

al blued nith Fines and sold 
"bI driquetted with fines and sold 

al Oispose9 pf in solid waste landfill 
offsl tel3 I 

bi Alternate use such	 In grand 
soil enhancer. eç 

ci Returned to nine 

"ol Released to PQtAal6l 
hI Released to natural waterway 

"A) Stockpiled onsite and sold to lpcal
fertilizer plant an feedstocki3i 

"al Returned for netals recovery 
SI Oispose gf in solid waste landfill 

offsi tel 4 I 

"uI Disposed of In solid waste landfill 
of fsite 

al Dispose qf In solid waste landfill 
offsitel4i 

"oi Sold to a zinc Swelter for use 

"al Storedin a nelfd tbntainer and 
disposed of iniSl solid waste 
landfill offsite 

bi Din posed of in hazardous waste 
landfill offeite 

A) Store onsita and sell to local 
fertilizer c.,any 

bi use In steen boiler as part of Nov 
control syltemn 

wn al Burned in steen boiler 

"wi Collected and sent to wet ouidatlon 
system for treatment 

al Disposed of in solid waste lasofjli 
offsi te 

' n Il Alternate use 
Such  

inrnad con-
struction gravel, soil enhancer etc. 

w. ai Returned for metals recovery to UiC 
p 1 Diopose l l pf In solid waste landfill 

offsi te 

"al Returned for metals reLovery 
hI Dlspose9 Qf in solid waste landfill 

of fsi tel 4 l 

"I) Released to P0114(6) 
si Released to natural waterway 

"al Released to P0i4(61 
5) Released to natural waterway

Applicable Regulations 

ul bins. iSP) for 
ON 

(In Handling) uPts.6 0

1 Minn. .1SPS for Pie In vandlingi sPtS.i 

al Minn. kSPS for PH IAPCS.il 
SI Minn. NSPS for Pie IAPCS.61 

ii KAI Solid uasca Reqs (541-121 or 
6MCAR 4.9001-4.9010 

SI NO aoplicable regulations 

ci CAR Solid Waste legs iSWl-111; 
or 6MCAR 4.9001-4.90101 

ad NO applica p le regulations 
SI Minn. Water Quality Standards 

6lC&l 4.8005 

ui Minn. MOB for 13S and PM 1APCI-6i: 
Minn. Odor Standards 1APC9I 

41 No applicable regulations 
Dl Minn. Solid dastm Regs 15511-121 

or SICAR 

al Minn. Solid aaste Regs (5511-121; 
Minn. Stat 0967; Sect. 106.07 

al Minn. Solid last? Regs 15511.121: 
or 6ICAR 4.9001.4.9010 

DI NO applicable regulations 

a) pCAR Solid Waste ealations 15161-121. 
boinn. Stat 0967:	 Sect. 116.07 

Si FCAR Hazardous Waste Regulations 
$ICAR 4.9010 

al Minn. Odor Standards IAPC9I 

SI Mile. Odor Standards IAPCgI 

al NSPS for SO, and PM iAPC4l; 
Minn. MOB CAPCZI. APC13 (If 
material is stored) 

al No applicable regulations 

al MCM Solid lasts legs (551.12); 

01 No applicable regulations 

also applicable regulations 
0) Minn. Solid Waste Regs 1565-121 

or 6ICAR 4.9001 - 4.9010 

dl

 

No 
Applicable regulations 

SI Minn. Solid Waste Rigs 1561.121 
or 6MCAR 4.9001-4.9050 

a) No applicable regulations 
Dl Minn. later Quality Standards 

6MCAR 4.8015 

al No applicable regulations 
O I i nil'. Water Quality Standards 

ibtAs 4.8315 

wFC n Fuel tell; OF . Combustion Turbine; Fe - Fluidized Bed; CI . Oarect_Fireo Boiler 

"Preferred Disposition Option 

NOTES; 

I. Assumes no P50 application required and lignite is not considered to be hazardous under 6 MCAR 4.9000-4.9310. 

Z. Assumes ash is not considered hazardous; extract data from Jones. F.L	 Low Ito Gasificwi ton: Bringing Back an Old 
Workhorse- Joint Poser Generation conference 1455€-lEst). Denver, Colorado. October 7-20. 982 snaicates metal 
concentrations fall below nininam tonicity lends, 'aoweq er, this needs to her verified using Minnesota extraction tecnniques. 

3. Assumes no P50 application required (facility classified as a minor soarce during P50 Review), 

4. Assumes Catalyst or its leachate is not determined to be saoardous under Minnesota law. 

S. Sodium nanadate (according to toxicity datoi may be given marginal consideration asahazardous substance; 0.Oj is close 
to hazardous lends. 

6. Assumes Publicly Owned treatment brAs (POidi is capable of accepting waste stream. 
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The study .determined that three phosphoric acid 
11.6 megawatt (gross) dc fuel cells manufactured by 
United Technologies Corporation would be needed to 
produce the required 100,000 pounds per hour of steam. 
Vent gases from the fuel cells will be burned in a single 
catalytic combustor, then expanded through a turbo 
expander to generate 16 megawatts of power. A heat 
recovery steam generator is used to recover the heat 
from the expander exhaust and to produce saturated 
steam at 175 psia. 

In this study, the theoretical plant would produce 
electricity by three methods: 

• Fuel cells -33 megawatts 

• Vent gas catalytic combustor and expander - 
16 megawatts 

• Tar and oil boiler with steam turbine - 
1.5 megawatts 

Auxillary power consumption for this option is approxi-
mately 18 megawatts, thus producing a net power out-
put of 32.5 megawatts. Approximately 154,000 pounds 
per hour of steam is produced in this option by fuel cell 
cooling, heat recovery from the catalytic combos-
tot/expander, and the tar and oil boiler. Net  export 
steam is approximately 107,000 pounds per hour. Net 
efficiency for the gasification/fuel cell option Is 
56.1 percent. 

Total cost for the gasification/fuel cell plant Is sum-
marized in Table 3. 

Gasification/Combustion Turbine Option 

For this option, most process sections were determined 
to be essentially the same as for the gasification/fuel 
cell option. 

Two major differences in the gas treatment and com-
pression sections are (1) the cleaned synthesis gas must 
be compressed to a hirer pressure; and (2) the water-
gas shift step to produce additional hydrogen is not 
needed. 

Net power production from the combustion turbine (a 
GE Frame 5) was calculated to be 27.5 megawatts. 
Heat from the combustion turbine exhaust was used to 
generate steam in a heat recovery steam generator 
(HBSG). Superheated steam at 1,250 psia and 740°F 
from the HRSG and the tar and oil-fired boiler was 
expanded through a backpressure steam turbine genera-
tor to produce 4.7 megawatts of electrical power and 
approximately 116,500 pounds per hour (gross) of 
175 psia steam. 

Auxiliary power consumption Is 12.1 megawatts and 
auxiliary steam consumption is approximately 
16,100 pounds per hour for this option. Hence, net 
power output is 20.1 megawatts andnet steam export is 
100,400 pounds per hour. Overall efficiency for this 
option is 44.1 percent. 

The total plant cost, calculated in the same manner as 
for the gasification/fuel cell plant, is shown in Table 4.

Atmospheric Fluidized Bed 
Boiler Option 

Data for the fluidized bed boiler were supplied by 
Pyropower Corporation for a circulating bed system. 
Two such boilers were specified in the design by Par-
sons. The primary components of a circulating fluid-
ized bed boiler are the combustion chamber and the hot 
cyclone collectors. Combustion of the lignite and 
sulfur retention using limestone take place in the com-
bustion chamber. The hot cyclone collectors separate 
entrained particles from the flue gas stream to feed 
back to the combustion chamber and is then discharged 
to the stack by an induced-draft fan. 

Electrical power generation is achieved in a conven-
tional power plant cycle in which superheated steam is 
expanded in a steam turbine. The gross and net 
production of electrical power in the fluidized bed plant 
are 23.5 megawatts and 20.6 megawatts, respectively. 
Also, the plant exports 100,000 pounds per hour of 
steam. Overall plant efficiency was determined to be 
43.1 percent. 

Costs for the atmospheric fluidized bed boiler option 
are summarized in Table 5. 

Direct Fired Boiler Option 

Much of the direct-fired boiler plant is the same as the 
fluidized bed boiler plant. Two conventional pulverized 
coal units were used in the design. These boilers 
consist of top supported two-drum single pass boiler 
banks and are furnished with waterwalls, superheater, 
economizer, Ljundstrom air heaters, and coal pulver-
izers. Special tangential burners are provided to ensure 
that the NOx emissions are within the permissible 
pollution control limits. 

Each boiler has an emission control system consisting of 
a baghouse, induced draft fan and wet soda ash scrub-
ber. 

The direct-fired boiler would produce 24.3 megawatts 
(gross) and 21.2 megawatts (net) of electrical power and 
would export 100,000 pounds per hour of steam. The 
overall plant efficiency was calculated to be 43.6 per-
cent. 

Plant costs for the direct-fired boilers are shown in 
Table 6. 

Economic Analyses 

Economic analyses of the four options were conducted 
using ENII criteria. The data for these analyses are 
summarized in Table 7. As shown in Table 7, the 
direct-fired boiler plant shows the lowest bus-bar power 
costs with those for the gasification/fuel cell plant only 
slightly higher. The differences in the bus-bar power 
costs for the gasification/fuel cell plant, the fluidized 
bed plant, and the direct-fired boiler plant were not 
considered to be significant given the estimated 
/-15 percent accuracy of the capital and operating 

costs estimates. Because of its much higher overall 
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TABLE 7 

SUMMARY OF CAPITAL AND OPERATING COSTS 

Lignite 
Lignite Ossification.' Fluidized Direct-

Gasi(icatio& Combustion Bed Firs 
Fuel Cell Turbine Boiler Boiler 

Plant Plant Plant Plant 

Total Capital Rapfrem.t (Thousand Dollars) 

Total Plant Coat 102.808 83,735 88.562 64,499 
Allowance for Funds During 3,840 3,140 2,571 2,419 

Construction 
Prepaid Royalties 379 283 206 181 
Preproduction Cost 2,734 2,435 1,786 1,694 
Inventory Capital 540 507 547 515 
Initial Chemical and Catalyst 1,130 415 8 5 

Charge  

Total 111,431 93,515 73,658 69,313 

Operation and Malnemano. Costs (Thousand Dollars Per Year) 

Fixed Oparath Cat" 

Operating Labor 854 783 711 711 
Maintenance Labor, 597 614 363 342 
Maintenance Materials 898 922 547 514 
Fuel Cell Replacement 793 - - - 
Administrative & Support Labor 438 421 322 318 

Sub-Total 3,578 2,740 1,943 1,883 

Yttla Operating Cost" 

Operating Labor 460 422 383 383 
Maintenance Labor 322 330 196 184 
Maintenance Materials 483 497 294 277 
Fuel Call Replacement 732 - - - 
Adrnlnlstntive & Support Labor 234 228 174 170 

Sub-Total 2,231 1,475 1,047 1,014 

Cim able 

Chemicals and Catalysts 580 202 955 545 
Water 3 2 105 135 

Sub-Total 583 204 1,060 680 

Quiet Esperee 

Ash Disposal 95 95 158 Ill 

Total 6,437 4.224 4,208 3,688 

Sin-Baz Posner Cost ($/gwIl) 0.088 0.Oel 0.074 0.086 

AU cost, are stated In January 1983 dollars 
— Operating costs are allocated Into (las and variable costs in accordance 

with EPRI criteria

thermal efficiency, the fuel cell plant shows similar 
bus-bar power costs even though has a much higher 
capital cost. 

The cost estimate for the gasification/fuel cell plant 
includes approximately $6.5 million of process contin-
gency to account for uncertainty of certain plant 
components including the fuel cells, the gasification 
system, and the catalytic combustor. Elimination of 
this process contingency results in a small reduction in 
the bus-bar power cost for the gasification/fuel cell 
plant to $0.067 per KWH. Similarly, the cost estimate 
for the fluidized bed plant includes a contingency of 
$4.4 million. Elimination of this contingency would 
result in a bus-bar power cost of $0.071 per KWH for 
this configuration.

competitive with the other options. A primary reason 
for this is the large amount of power required 
(9.9 megawatts) to compress the fuel gas to the 
required combustion turbine inlet pressure. 

The study concludes thatthe bus-bar power costs for 
the gasification/fuel cell plant are competitive with 
direct-fired boiler plants. The researchers believe that 
this result is encouraging with respect to the future of 
gasification/fuel cell technology because further devel-
opment of such plants should result in significant reduc-
tions in capital costs and significant increases in overall 
plant efficiency. Therefore, such plants appear to be a 
viable future alternative for small-scale power genera-
tion using solid fuels. 

The study found that a small scale gasification/combus- 	 # 4 0 0 
tion turbine plant using an atmospheric gasifier is not
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MITRE ADDRESSES SCALEUP FACTORS FOR 
H-COAL PROCESS 

The U-Coal technology has developed from bench-scale 
tests to process development unit (PDU), and finally 
large-scale, pilot plant operations. Preliminary process 
designs and economies were developed by Bechtel for 
the proposed Breckinridge commercial plant. That 
effort took place prior to the pilot plant operations, and 
was based on a selected PDU run. Since that time, 
results have become available from the 200 tons per 
day H-Coal pilot plant at Catlettsburg, Kentucky. 

The United States Department of Energy (DOE) 
requested MITRE Corporation to evaluate the perfor-
mance of the pilot plant, and any impacts on the 
configuration, design, operation, and projected eco-
nomies of the PDU-based commercial plant design. 
Their analysis was published in January 1984, titled 
"Assessment of H-Coal Process Developments." 

The key unit operation of an H-Coal direct-liquefaction 
process is the ebullated-bed reactor system. Coal feed 
is sized, dried, and mixed with recycle slurry and 
process-derived solvent (normally a part of the heavy 
distillate oil product). The coal/oil slurry, along with 
recycle hydrogen, is preheated to initiate the coal 
dissolution, and then introduced in the ebullated-bed 
reactor. 

In the ebullated-bed reactor, the coal feed, in the 
presence of a cobalt or nickel and molybdenum cata-
lyst, is hydrocracked to gaseous, tight, intermediate, 
and heavy liquid products. The ebullated-bed mechan-
ism keeps the catalyst in a state of constant fluidiza-
tion, and enables the on-line withdrawal and addition of 
fresh catalyst. 

The reactor products, including the uncoverted coal and 
mineral matter, are processed in a series of letdown 
vessels that operate at progressively lower pressures. 
The coal/oil slurry from the low-pressure letdown ves-
sel is partially concentrated in a hydroclone system; the 
hydroclone overflow stream, which contains part of the 
unconverted coal and ash, along with a portion of heavy 
oil product, is used to slurry the fresh coal feed. The 
hydroelone underflow is vacuum flashed to produce 
bottoms containing primarily unreacted coal (IOM), 
975°F distillate, and ash. This material is gasified to 
provide the hydrogen requirement of the plant. 

The Hill bench-scale, coal-liquefaction unit handles 
25 pounds of coal per thy and is primarily used for 
process improvement studies, including catalyst evalua-
tion and testing new coals. The 3.5 tons per thy 
capacity PDU has been used for continuous test runs to 
develop design basis and operating parameters for the 
large Catlettsburg pilot plant. The same design basis 
was then used to develop a preliminary design for the 
commercial plant. 

The objectives of the Catlettsburg pilot plant were to 
provide process and mechanical data for the final 
design, construction and operation of a first H-Coal 
commercial plant. The pilot plant was operated be-
tween May 1980 and November 1982. It logged approxi-

mately 7,000 hours of successful operation, while pro-
cessing three coals (Illinois No. 6, Kentucky 9/11, and 
Wyodak). The longest pilot plant run lasted 131 days, 
feeding an average of 214 tons per day of coal. 

The first H-Coal commercial plant was proposed to be 
located in Breckinridge County, Kentucky. Several 
attempts to obtain financial support for the Breckin-
ridge project from the United States Synthetic Fuels 
Corporation were unsuccessful because of insufficient 
equity participation. 

MITRE's task was to assess the performance of the 
H-Coal process at two scales of operation, using PDU 
Run 5 and Pilot Plant Run 8. These two runs were 
chosen because PDIJ Run 5 provided the basis for the 
commercial Phase 0 Breckinrldge design and Pilot Plant 
Run 8 represented the longest period of operation using 
Illinois No. 6 coal. 

The operating results obtained during the two specific 
periods of operation are compared in Table I. The 
overall distillate (C4+ - 9750?) yields are in excellent 
agreement. The volumetric yield of the C4 distillate 
material is about 5 percent higher for the pilot plant 
than for the PDU. The pilot plant, however, produced 
approximately 81 percent and 34 percent more C4 and 
C3 fractions, respectively, than did the PDU. Because 
of the higher C3 and C4 fraction yields, the overall 
hydrogen consumption increased from 4.9 percent of 
the dry coal input for the PDU run to 5.47 percent of 
the dry coal for the pilot run. 

TABLE 1 

COMPARISON OF SELECTED
U-COAL PDU AND PILOT RUNS 

Lbs/lao Lbs 
of Dry Coal 

PDU Pilot Plant 
Plant Output Run 5 Run 8 

H2 (4.91) (5.47) 
H2S 2.64 2.67 
NH3 1.08 0.65 
H20 6.67 6.67 
CO2 0.48 - 
Cl 3.75 4.20 
C2 3.54 3.02 
C3 3.39 4.55 
C4 2.54 4.61 
C5-400°F 16.20 17.80 
400650°F 20.37 16.46 
650-075°F 7.96 8.81 
Residuum 19.00 21.26 
Unconverted Coal 5.78 3.46 
Ash 11.51 11.31 

Total 100.00 100.00

The elemental composition and other physical proper-
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ties for different distillate fractions produced during 
the PDU and pilot runs are comparable. 

The proposed H-Coal commercial plant is a fully-
integrated, grassroots facility. This includes provisions 
for on-site beneficiation and handling of run-of-mine 
coal, conversion of coal into liquid and gaseous hydro-
carbons, separation, and purification of the products, 
stabilization, and reforming of the naphtha, recovery of 
by-product sulfur, ammonia, and phenols, production of 
process hydrogen by gasification of vacuum bottoms, 
and plant steam and utility production by on-site, coal-
fired boilers. It was designed to process approximately 
23,000 tons per thy of run-of-mine coal, to produce 
approximately 46,000 barrels per thy of C4 distillate 
products. 

The material balance and flow quantities of products 
and by-products for the Phase 0 design were based on 
the product yield structure obtained from PDU Run 5. 
The total capital cost estimate developed by Bechtel 
was $3.3 billion as instant 1981 dollars, and $5.9 billion 
in as-spent dollars, including interest during construc-
tion. 

MITRE's analysis indicated that the overall configura-
tion of the commercial plant would not change as a 
result of incorporating the pilot plant operating results. 
However, some design modifications to incorporate the 
pilot plant results include: 

• Revision of overall product yield structure 

• Larger gas plant to accommodate increased 
propane and butane production 

• Larger gasifier plant to process slightly higher 
quantities of vacuum bottoms 

• Small increase In oxygen plant capacity 

• Expansion of steam plant to meet steam de-
mand of the oxygen plant. 

The economic impacts of these modifications were 
estimated as follows. 

Total Capital Requirement 
and Annual Operating Costs 
(First Quarter 1981 Dollars) 

Phase 0	 Modified Percent 
Design	 Design	 Change 
(MO)	 (M W) 

Total Capital 	 3,258.00	 3,326.00'	 2.0 
Requirement 

Annual Operating	 451.700	 456.50" 1.0 
Costs 

Bechtel, Inc. estimate 
"Add-on cost for the modified plant 

as estimated by MITRE

The corresponding reductions in the discounted cash 
flow rate of return on equity (DCF-ROE) are insignifi-
cant. For example, for 100 percent equity financing, 
the DCF-ROE decreased from 12.2 percent for the 
Phase 0 plant to 12.0 percent for the modified Phase 0 
plant. 

The scale-up factors from the PDU to the pilot plant, 
along with the expected scale-up for a single commer-
cial-scale reactor, are given in Table 2. The successful 
operation of the pilot plant demonstrates scale-up fac-
tors of 7 and 73, based on reactor diameter and 
throughput, respectively. The corresponding scale-up 
factors between the pilot plant and the proposed pio-
neer commercial plant are 2.3 and 11, respectively. 

TABLE 2 

H-COAL REACTOR SCALE-UP FACTORS 

Scale-Up Factors

	

Based	 Based 
H-Coal	 on	 on 
Reactor Through-	 Via-	 Through-

Diameter	 put	 meter	 put 
(Feet)	 (TPD) 

PDU	 8.5 in.	 3	 10.4	 240 
Pilot Plant	 5	 220	 7.0	 73.0 
Commercial 

Plant	 10-13	 2,357"	 2.3	 11 

Represents approximate scale-up between 
bench-scale and PDU unit 

**Capacity for each of seven on-line reactors 

Because the differences in the operating results of the 
pilot plant and the PDU were not significant, there is 
reasonable confidence in the ability to design a com-
mercial scale reactor. 

In addition to demonstrating the successful scale-up of 
the ebullated-bed reactor system, the pilot plant opera-
tions have also demonstrated the successful operation 
of critical unit operations such as the slurry mixing 
system, slurry heater, hydroclone system, letdown valve 
systems, etc. 

MITRE concludes that even though the process is ready 
for commercial implementation, there are opportunities 
for selected research and development efforts to im- 
prove the overall liquid yield and quality. One confi-
guration which seems to offer potential economic ad-
vantage over the baseline commercial plant is the 
extinction of the vacuum gas oil fraction by recycling it 
to the H-Coal reactor, and thus increasing the 
C4-650°F liquid product. The extinction of the virgin 
gas oil fraction by selective recycle is expected to 
increase the baseline H-Coal reactor volume by about 
25 percent, with a corresponding increase in reactor 
hydrogen partial pressure of about 15 percent. 
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KOPPERS/TOTZEK PLUS MOBIL MTG CAN PRODUCE 
GASOLINE FOR $1 PER GALLON 

At the March 1984 meeting of the South Africa Insti-
tute of Chemical Engineers, H. F. Stacge of Krupp-
Koppers presented economic figures for a plant produc-
ing 13,009 barrels per calendar day of gasoline from 
coal. 

Direct coal liquefaction by means of hydrogenation was 
said to be practical only using coals with a high re-
activity to hydrogen and low ash contents (maximum 
10 percent based on dry coal). With indirect coal 
liquefaction by methanol synthesis and then conversion 
of methanol to gasoline (MTG), the quality require-
ments placed on the feedstock coal are few. Practical-
ly any known fossil fuel can be used. 

A description follows of the plant configuration studied. 
Coal is ground to a top size of 0.1 millimeters and 
dried, if necessary, to between 1 and 10 percent mois-
ture. Drying is accomplished with flue gas from the 
process. 

The coal dust is gasified with steam and oxygen in 
commercially available Koppers/'Fotzek gasifiers. 
Reaction heat liberated during gasification is utilized 
for steam generation in a waste heat boiler plant The 
gas is cooled to approximately ambient temperature 
and cleansed of solid, dusty residues in a downstream 
gas cooling and washing plant. 

Gaseous sulfur compounds are removed using a Rectisol 
washing solution. The desulfurized gas is then divided 
into two streams. One stream is delivered directly to 
the carbon dioxide removal stage, the other stream to 
the carbon monoxide shift conversion. The carbon 
monoxide content of the desulfurized gas delivered to 
the carbon monoxide shift conversion is catalytically 
converted to hydrogen and carbon dioxide. The two gas 
streams are re-united downstream of the carbon mon-
oxide shift conversion and delivered to the carbon 
dioxide removal unit for washing out of carbon dioxide. 
After carbon dioxide removal, the gas now has the 
required synthesis gas quality. 

The gas is then compressed to approximately 55 bar and 
delivered to the methanol synthesis unit. Conversion of 
the synthesis gas to methanol is carried out catalytical-
ly in the synthesis unit. 

The raw methanol is preheated, evaporated, super-
heated, and delivered to the DM2 reactor. In this 
stage, the major part of the methanol is converted to 
dimethyl ether and water in the presence of a dehydro-
genating catalyst. 

Preheated circulation gas is added to the mixture 
leaving the DM2 reactor and it is then delivered to the 
conversion reactors. The conversion reactors are a 
group of five fixed bed reactors using ZSM-5 catalyst 
for conversion of the methanol and dimethyl ether to 
olefins and aromatic hydrocarbons. 

The plant complex would be an integrated grass-roots 
plant producing about 13,009 barrels per calendar thy 
of gasoline. The schedule would be:

• Planning, design, construction in 1984-1990 

• Construction in 1990-2010 

• Startup at 36 percent of capacity in 1990, 
73 percent in 1991, 100 percent in 1992. 

Capital requirements were estimated as follows (in 
1983 Deutsche Marks, millions): 

Planning, Testing, Engineering	 315 
Process Licenses, Contingencies	 105 
Site Clearance, Infrastructure 	 40 
Material, Equipment, Civil 	 2,200
Contingencies 

Sub-Total	 2,760 

Working Capital 45 
Staff Training and Tests 15 
Startup Costs	 . 90 
Inflation 1983-1990 830 
Interest and Finance Charges 730

Total	 4,470 

At the current rate of currency exchange, the total 
cost of 4,470 Deutsche Marks translates to about 
$1.7 billion (United States) dollars. 

The economic analysis assumed an inflation rate of 
6 percent, an interest rate of 8 percent, and debt/ 
equity ratio of 70/30. Fixed operating costs were 
estimated to be 240 million Deutsche Marks per year. 

A price for gasoline of $1 per gallon in 1983 was taken 
as the starting point. Based on differing assumptions of 
inflation rates for coal and gasoline, the following 
results were obtained:

Casel	 Case 

Inflation Rates, % 

Gasoline 
Coal 
Other 

Internal Rate of Return, % 

For Lignite ($4.36tF in 1983)	 8.25	 15.97 
For Hard Coal ($24.00/T in 1983) 	 -	 9.5 

It thus appears that the indirect liquefaction approach 
is currently economic only when lignite or very cheap 
hard coal is available as feedstock. 

-
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Ultimate Analysis (weight percent MAP) 

Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Chlorine 
Oxygen 

100 

U 

72.47 
6.09 
1.20 
0.96 

0.016 
19.3

99 

as 
C C I 
C CA 

TECHNOLOGY 

SHELL COAL GASIFICATION PROCESS 
TESTED ON LIGNITE 

The Shell Coal Gasification Process (SCGP) can vir-
tually completely gasify low rank coals at high reactor 
throughput. The SCGP is described in the paper 'Appli- 
cability of the Shell Coal Gasification Process (SCGP) 
to Low Rank Coals" by W. L. Heitz et. al of Shell 
Development Company. This paper was given at the 
1984 AIChL National Meeting in Atlanta, Georgia. The 
Shell gasifier is a high pressure, entrained flow, 
slagging gasifier that is similar in some respects to the 
Koppers Totzek gasifier. 

In a 1983 pilot plant program sponsored by the Electric 
Power Research Institute, Shell gasified 44 metric tons 
of Texas lignite in a 6 ton per day unit in Amsterdam. 
Shell Oil Company obtained the run-of-mine lignite 

TABLE 1 

ANALYSIS OF TEXAS LIGNITE FEED 

Proximate Analysis (weight percent) 
Moisture (AR)
	

12.4 
Ash (ME)
	

12.8 
Volatile Matter (ME)
	

47.5 
Fixed Carbon (ME)
	

39.7 
Heating Value (Mi/kg ME)
	

26.09

from the Wilcox seam. It was milled and dried from 
about 31 percent moisture to 12.4 percent moisture. 
An analysis of the coal is given in Table 1. Lignite is 
noted for its high moisture content and tendency to 
produce large quantities of fines upon processing. 
These two properties can cause difficulties in other 
types of gasifiers. 

The range of SCGP run conditions for the lignite was as 
follows: oxygen to moisture- and ash-free (MAE) coal, 
0.82-0.96 kilogram/kilogram; reactor pressure, 2.09 to 
2.82 MPa; and coal throughput, 74-207 kilograms per 
hour (MAP). 

Carbon conversions are above 98 percent for all condi-
tions studied and reached 99 percent at an oxygeniMAF 
coal ratio of about 0.85 kilogram/kilogram, see Fi-
gure 1. Further increases in the oxygen/MAE coal ratio 
further increases the conversion. Maximum thermal 
efficiency (and syngas production) are reached at an 
oxygen/MAE coal ratio of about 0.90 kilogram/kilogram 
as shown in Figure 2 and Figure 3. Above this ratio, the 
excess oxygen reacts with the product gas. The result 
is that the gas exit temperature increases into the 
1,400°C range and the heat loss increases. A typical 
product gas composition is shown in Table 2. 

FIGURE I 
CARBON CONVERSION AS A FUNCTION OF

OXYGEN/MAF COAL RATIO 

0.80 0.85	 0.90	 0.95 

Oxygtn/MAF.CoaI Rauo. kg/Ic9 

Syntol	 Ez puim.nt	 Coal Flow	 pTenz] 
ko m•fTh	 MP. 

coo A-E	 150	 2.1 
F	 200	 2.1 
0	 200	 2.8 

= L	 7S	 2.1

	

1.6	 The authors noted that increasing the throughput from 

	

0.5	 75 to 150 to 200 Kg MAE coal per hour increased the 
reactor outlet temperature and decreased the relative 

0.4 heat loss from 6 or 7 percent to 4 or 5 percent. No 
significant effect on thermal efficiency was noted. 
Increasing the pressure increases the cold gas thermal 

	

1,390	 efficiency mainly by reducing the relative heat loss. 

	

1,460	 Also slightly more synthesis gas is made at higher 

	

1,660	 pressures. 

Mineral Analysis (weight percent) 

SiO2 

Al203 
F eO 

CaO 

MgO 
Ti02 

Na2O 

Pinion Temperature (Reducing) °K 

Initial Deformation 
Hemispherical 
Fluid

48.1 

16.7 
7.7 

20.8 

4.1

For electric power generation, a desirable feature of a 
Data normalized to 100% total (actual sum = 89.4%) furnace is that it be able to respond rapidly to load 

changes. Turning down the SCGP reactor feedrate by 
50 percent resulted in virtually no change in reactor 
pressure. 
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FIGURE 2
	 TABLE 2 

THERMAL(COLD GAS) EFFICIENCY AS 
FUNCTION OF OXYGEN/MAP COAL RATIO	 PRODUCT GAS ANALYSIS -TEXAS LIGNITE 

so

Major Components	 Concentration 
(ME) 

CO 48.8 v% 
112 25.4 v% 
N2 18.8 v% 
CO 2 6.5 v% 
1120 1.3 v%

00 
'5 

65 

60I	 I. 
0.80	 0.85	 0.90	 0.95 

FIGURE 3 
SYNTHESIS GAS PRODUCTION AS A

FUNCTION OF OXYGEN/MAP COAL RATIO 
0.10 

j009 

50.08 
T -sr-

I
0.07 

U 

J 0.06 

0.05  
aso	 0.55	 oso	 0.S5

OzygtnJM*F.Co.0 Ratio ks/lcg 

Fluor Engineers prepared a detailed study of a SCGP 
integrated gasification combined cycle power plant 
(EPRI AP-3129). Fluor concluded that such SCGP 
plants firing Texas lignite have the potential to gen-
erate power at costs that are competitive with con-
ventional high rank coal-fired steam power plants with 
flue gas desulfurization. A SCGP integrated gasi-
fication-combined cycle power plant had a thirty year 
constant dollar levelized cost of electricity of 
36.77 mills (1981) per KWH. A steam power plant firing 
Illinois No. 6 coal had an estimated electricity cost of 
43.86 mills (1981) per KWH.

Trace Components 

Sulfur Compounds 
H 2 S	 0.22 v% 
COS	 257 ppmv 

Nitrogen Compounds 
HCN	 150 ppmv 
NH 3	 20 ppmv 

Metals, mg/Nm3 
Fe	 1.96 
Hg	 0.00075 
Ni	 1.45 
V	 0.005 

Methane	 800 ppmv 

SUB-BITUMINOUS COAL POUND TO BE GOOD 
FEEDSTOCK FOR flSL 

The integrated two-stage liquefaction (ITSL) process is 
being developed by Lummus Crest Inc. and Cities 
Service Research and Development Company under 
partial sponsorship of the United States Department of 
Energy. Wyodak sub-bituminous coal was recently 
tested and found to be a good feedstock for the process. 
These tests were summarized at the 11th Energy Tech-
nology Conference on March 19, 1984 in a paper en-
titled "Current Status of the Integrated Two-Stage 
Liquefaction (ITSL) Process." 

The ITSL process combines Short Contact Time (SCT) 
thermal liquefaction of coal and LC-Fining catalytic 
hydrotreatment of the coal extract to produce clean 
distillates. The ash is removed by the Lummus Crest 
Antisolvent Deashing (ASDA) Process either before or 
after the LC-Fining stage. An ITSL process develop-
ment unit (PDU) has been in operation since May 1980. 
The initial PDU program with Indiana V and Illinois 
No.6 coals demonstrated distillate yields as high as 
3.2 barrels per ton of MAP coal. In 1983, the PDU 
processed Wyodak sub-bituminous coal in a nine-month 
program. 

Process Description 

In the first stage SCT dried and pulverized coal is 
mixed with recycle solvent that comes from two 
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sources. Most of the recycle solvent is a 6500+F 
fraction that has been hydrogenated. For bituminous 
coals, the remaining solvent is a 5000 to 850°? fraction 
recycled directly from the ASDA unit. For sub-bitumi-
nous coals, 20 percent of the solvent is the ash-rich 
deasher underfiow. The coal paste is mixed with 
hydrogen and then pumped to the SCT reactor. The 
SCT reactor for bituminous coals is a tubular fired 
heater; for sub-bituminous coals it is the fired heater 
followed by an upflow soaker to provide longer resid-
ence time at maximum reactor temperature.

TABLE 1 

SC? YIELDS

Net Yields 
(Lb/100 Lb MAP Coal) 

Illinois 
No. 6	 Wyodak 

Components: 
The 500°+F SCT product is fed to 	 the	 antisolvent H25, NH3, H20, CO, 6.2 19.6 
deashing (ASDA) unit to remove the ash and uncon- 01-04 Gases 1.4 6.0 
verted coal with the aid of a circulating antisolvent 05 - 500°F Distillate 2.9 6.9 
stream that promotes the agglomeration of the solid 500 -850°F Distillate 13.3 3.4 
particles in the feed slurry.	 With sub-bituminous coal, Solids Free 850 0+F 68.5 52.8 
part of the settler underfiow stream is recycled to the Unconverted Coal 8.1 11.2 
SCT reactor and the remainder is further concentrated Total 100.4 100.0 by a vacuum flash.

The essentially solids-free overflow from the settler is 
atmospherically flashed and the bottoms is fed to the 
LC-Finer reactor. The overheads from the atmospheric 
flash and the settler underflow vacuum flash are strip-
ped of antisolvent and recycled as paste solvent for 
bituminous coals or collected as product for sub-bitumi-
nous coals. 

The bottoms from the vacuum flashed settler overflow 
stream are mixed with hydrogen and are fed to the 
LC-Finer reactor. In this reactor, portions of the 
8500+F extract and the heavy distillate 6500 to 8500+F 
fraction are converted to lighter distillates in an ex-
panded bed of hydrotreating catalyst. A portion of the 
650 to 8500+F production and all of the unconverted 
850°+F extract constitute most of the recycle solvent 
for the first stage SCT liquefaction. The £0-Finer 
reactor can be placed upstream of the deasher to obtain 
greater ITSL distillate yield per unit of coal feed. 

Wyodak Coal POU Results 

Sub-bituminous coals have been considered poor candi-
dates for direct liquefaction processes because (1) their 
high concentration of oxygen reduces distillate yields 
and generates additional water which increases hydro-
gen consumption; (2) their high moisture content in-
creases the energy required for drying; and (3) sub- 
bituminous coals convert more slowly than bituminous 
coals, thus requiring more severe reaction conditions. 

In the first stage SOT with no deasher underfiow in the 
recycle solvent, conversions were below 85 percent at 
all temperatures and coal space rates. However, with 
20 percent deasher underflow in the recycle solvent 
conversion increased to 87 to 91 percent and the depos-
ition of ash in the soaker decreased. 

As shown in Table 1 which compares SOT yields from 
the two coals, Wyodak coal produces more gases and 
light oils and less extract. About one-half of the 
heteroatom gases are carbon monoxide and carbon 
dioxide, while water yield is only slightly higher than 
for Illinois coal. This result indicates that much of the 
oxygen in the coal is removed with little additional

Hydrogen from Recycle Solvent 	 1.0	 2.0 
Hydrogen from Gas	 0.4	 - 

hydrogen consumption. The lower extract yield results 
in less feed to the ASDA and LC-Fining sections for the 
same coal feed rate. Conversion is lower than for 
Illinois No. 6 coal, 89 percent compared to 92 percent. 
Although more hydrogen is reacted with sub-bituminous 
coal it all comes from the recycle solvent, so that the 
consumption of molecular hydrogen is zero. The ,re-
searchers did not anticipate this hydrogen-transfer cap,-
ability of the recycle solvent because process-derived 
liquids from Wyodak coal were expected to be paraf-
finic and, therefore, contain little transferable hydro-
gen. However, separate tests confirmed that the 
liquids are good solvents. 

The extract from the Wyodak coal contains less asphal-
tenes and pre-asphaltenes compared to Illinois coal. 
Water reduces the viscosity of the ash-rich underflow 
and permits a higher solids concentration to be rejected 
while maintaining acceptable fluidity. Extract recover-
ies of over 80 percent are attained in the deasher 
overflow. 

The Wyodak extract is more reactive in the LC-Fining 
stage, thus enabling the production of an all distillate 
product slate at a 60°? lower operating temperature 
and the same space velocity as for Illinois No. 6 coal. 
LC-Fining yields are listed in Table 2. 

As a result of the lower reaction temperature for sub-
bituminous coal, C1-C4 gas yields are negligible and 
the product is relatively heavy because of reduced 
thermal cracking of the 650 to 850 04? fraction. Hydro-
gen consumption is, therefore, lower than for Illinois 

No. 6. Table 3 shows the efficiency of hydrogen utili-
zation in LC-Fining Wyodak extract. Only 3.3 percent 
hydrogen is wasted in C1-C4 hydrocarbon gases, while 
84 percent goes into C5-8500+F products, and the rest is 
used for removal of heteroatoms. The £0-Fining 
product from Wyodak coal contains 82 percent oils and 
only 18 percent asphaltenes and pre-asphaltenes.

- 
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TABLE 2
	

TABLE 4 

LC-FINING YIELDS WYODAK COAL 
INTERGRATED Two STAGE LIQUEFACTION 

OVERALL YIELDS 
Net Yields (Lb/100 Lb MF Coal) 

(Wt. % of S.F. Feed) 
Illinois 
No. 6	 Wyodak Case 1 - 

Base Case 
1125, NH3, H20, COx	 3.1	 2.1 U/F Gasification 
C1-C4 Gases	 2.4	 0.2 
IBP-500°F	 9.6	 1.1 H28, NH3, H20, COx 20.16 
500 -650°F	 6.6	 6.1 C1-C4 Gases 5.94 
650 -850°F	 (0.4)	 11.2 
8500+F	 (19.0)	 (18.6)

Total Gas 26.10 

Hydrogen Consumption	 2.3	 2.1 C5/390°F 1.11 
Wt. % S.F. 850°F Conversion	 37.8	 38.8 390/500°F 7.06 

500/650°F 16.80 
650/850°F 13.43 

TABLE 3 Total Distillate Product 38.40 
Total Underflow 38.90 

HYDROGEN CONSUMED IN THE
Grand Total 103.40 

LC-FINER FOR WYODAK COAL Chemical Hydrogen Consumption 3.40 Basis 100 LOs LC-Finer Feed 
Total Gas Hydrogen Consumption=2.11 lOs. Hydrogen Efficiency 11.29 

(Lb Distillate/Lb Hydrogen) 
Distillate Yield 2.46 % of (Bbl/Ton MAP Coal) 

Total  
Hydrogen 

Hydrogen to	 Los	 Consumed
TABLE 5 

NH3, H20, COx	 0.26	 12.5 
Gases	 0.07	 3.3 

C5 -650°?	 0.27	 12.6 WYODAK COAL 
650SF	 1.51	 71.6 INTEGRATED TWO STAGE LIQUEFACTION 

Total	 2.11	 100.0 HYDROGEN BALANCE 
(1.0/100 Lb MF Coal) 

Casel	 Case  Case  
Table 4 shows the overall ITSL yields. 	 Total distillate U/F Gasi-	 U/F Corn-
yield for Wyodak coal is 38.4 pounds per 100 pounds of fication	 Coking bination 
moisture-free coal, and hydrogen consumption is only 
3.40 percent of NI? coal. Gasifier Feed 

Various uses of the settler underflow are summarized in 8500+F S.F.	 18.67	 - 4.75 
Table 5.	 As indicated in Case 1 for gasification of the Insoluble Organic	 10.03	 - 2.55 
underfiow, surplus hydrogen would be produced.	 Al- Matter (Coal) 
though an additional source of distillate is obtainableby Ash	 10.20	 10.20 10.20 
fluid coking the ash-rich liquefaction residues, Case 2 Coke	 -	 18.16 - 13.54 
shows that coking the entire underflow would require Total	 38.90	 28.36 31.04 
supplemental gasification of coal to attain a hydogen 
balance.	 Hydrogen balancing of the process can be Potential Hydrogen 	 5.77	 3.20 3.85 
achieved via partial coking of the underflow stream Generation 
(Case 3). Required Hydrogen 	 3.59	 3.95 3.85 
Wyodak yields based on a Case 3 hydrogen-balanced 5.5% Excess 
yield plant are shown in Table 6 and compared to an Chemical 
Illinois	 No.6	 case.	 The	 Wyodak	 distillate yield is Hydrogen Balance	 2.18	 0.75 In 
increased to 2.92 barrels per ton MAF coal, compared Surplus	 Short Balance 
to 3.27 barrels per MA? ton for Illinois No. 6. 	 With 
coking, efficiency of hydrogen utilization is higher than
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Wyodak
Case 3 
Com-

bination 

H25, NH3, [120, CO, 20.58 
C1-c4 Gases 6.40 

Total Gas 26.98

TABLE 6 

WYODAK AND ILLINOIS COAL 
INTERGRATED TWO STAGE LIQUEFACTION

OVERALL YIELDS
(Lb/100 Lb MF Coal)

For a fixed product rate, Wyodak requires 
11 percent more coal if coking is used and 
33 percent more if it is not. 

EPRI TESTS POWER GENERATION 
FROM SYNFUELS 

Papers by the Electric Power Research Institute (EPRI) 

	

Illinois 6	 has sponsored several power generation tests utilizing 

	

Hydrogen	 liquid synthetic fuels. The synfuels tested included 

	

Balanced	 Exxon Donor Solvent (EDS) full-range distillate boiler 
fuel, EQS middle distillate diesel fuel, EQS full-range 

	

13.32	 distillate turbine fuel, and H-Coal light distillate tur-

	

6.61	 bine fuel. In the tests each of these fuels was com-
pared with typical power generation fuels. The char-

	

19.93	 acteristics of all the fuels are given in Table 1. 

P/390°F	 1.12 
390/500°F	 7.48 
500/650°F	 19.31 
650/850°F	 17.72 

Total Distillate Product	 45.63 
Total Underflow	 31.04 

Grand Total	 103.65 

Chemical Hydrogen Consump- 3.65 
tion 

Hydrogen Efficiency	 12.50 
(Lb Distillate/Lb Hydrogen) 

Distillate Yield 	 2.92 
(Bbl/Ton MAP Coal) 

Catalyst A ,	 300-400 
(Lb 850 +F/Lb Catalyst 

for Illinois No. 6 coal, which the researchers did not 
anticipate from previous direct liquefaction processes. 

Wyodak coal. requires about 11 percent more coal but 
8 percent less LC-Fining reactor volume. Additionally, 
lower reactor temperature will probably result in a 
tower catalyst replacement rate. When these factors 
are combined with the much lower cost of sub-bitumi-
nous coals, the researchers believe that an economicS 
evaluation will probably show that Wyodak sub-bitumi-
nous coal is an attractive feed for the ITSL process. 

From the PDU tests, the researchers conclude that 
compared to Illinois No. 6: 

• Wyodak coal requires less hydrogen consump-
tion and has a higher hydrogen utilization effi-
ciency. 

• Wyodak extract is a more reactive feed to 
LC-Fining (attains high 8500+F conversion at 
the same space velocity and lower tempera-
ture). 

• For Wyodak operation, coking of ASDA under-
flow appears to be an effective way of increas-
ing liquid product yields.

Boiler Field Test 

The boiler field test was co-funded by Southern Califor-
nia Edison Company (SCE) utilizing a unit located in 
Colten, California (Highgrove Generating Station). 
Full-range EDS, base petroleum distillate, and natural 
gas feedstocks were burned in a balanced draft, 
44.5 megawatts (e), six burner, front-wall-fired C-E 
boiler producing 425,000 pounds per hour steam at 
1,250 psig and 950°F. 

These facilities had to be modified to handle the EQS 
material. The primary modifications included replacing 
all rubber-based elastomers with Viton and Teflon; 
burner tips for improved atomization; and fuel pump 
revisions. Approximately 4,500 barrels of EQS material 
was consumed in the test. To obtain base comparison 
data, the program also included runs with a petroleum 
distillate blend resembling No. 4 oil and with natural 
gas. A low NO, firing technique involving a burner out 
of service was used to evaluate means of NO, reduction 
when firing EDS. (EQS has a higher fuel-bound nitrogen 
content than No. 4 fuel oil.) 

The results are shown in Table 2. 
TABLE 2 

PERFORMANCE AND EMISSION RESULTS 

EQS Oil Gas 

Boiler Thermal Efficiency 
at Nominal Full Load, % 	 88.83 88.01 84.45 
Gross Load (MW)	 42.4 42.7 41.9 
Average Heat: 

Input (MM BTU/Hour)	 491.2 488.9 495.6 
Rate (BTU/KWH)	 11,583 11,460 11,828 

NOx Emissions at Full Load' 
NO @ 3% Oxygen	 264 240 265 

(ppm) 
NOS (Lb/MM BTU)	 0.349 0.311 0.322 

Nominal heat input = 490 million BTU/hour; 
Nominal excess air = 15%

10.35 
13.50 
18.12 

6.44 
48.41 
36.46 

104.80 

4.80 

10.09 

3.27 

290-1100
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TABLE I 

PROPERTIES OF EPRI PROGRAM TEST FUELS 

No. 2 
Diesel 
Fuel 

32.1 

86.0° 
13.0° 

0.005• 
0.15° 

386 
650 

19,500° 

49,6 

E1)5 
Boiler 
Fuel 

API Gravity ig 60°F	 13.5 

Elemental Analysis, Wt % 
Carbon	 88.69 
Hydrogen	 9.67 
Nitrogen	 0.22 
Sulfur	 0.045 
Oxygen	 1.17 
Ash	 0.003 

Distillation Range, oF 
lISP	 - 
EP	 - 

Heating Value, BTU/Lb 
HHV	 18,180 
LHV	 17,300 

Cetana Number	 -

Petroleum	 EllIS 

	

Boiler	 Diesel 

	

Fuel	 Fuel 

	

25.03	 10.5 

	

07.01	 80.35 

	

12.46	 10.30 

	

0.19	 0.077 

	

0.17	 0.007 

	

0.16	 0.99 

	

0.003	 0.005 

376 
695 

	

19,223	 18,509 

	

18,097	 - 

	

-	 21

	

EDS	 H-Coal	 No. 2	 Ho. 2 
Turbine	 Turbine	 Turbine	 Turbine 

	

Fuel	 Fuel	 Fuel	 Fuel
nr flur 

	

15.44	 20.73	 23.03	 34.77 

	

88.53	 66.43	 87.28	 68.74 

	

10.16	 10.36	 12.63	 13.25 

	

0.20	 0.41	 0.03	 0.02 

	

0.04	 0.114	 0.034	 0.027 

	

0.79	 2,66	 0.63	 0.69 

	

0.0004	 0.0044	 0.0036	 0.00 

	

370	 395	 360	 360 
635"	 510	 660	 660 

	

18,270	 18,114	 19,296	 19,113 

Nominal values 
At 00% recOvery 

"° With smoke additives 
""Without smoke additives 

In summary, EnS performance is comparable to the 
base oil and natural gas feedstocks. Firing EDS instead 
of oil produced comparable thermal efficiency and 
emissions. 

Bacharach smoke numbers were approximately the 
same under normal firing conditions, although EDS 
results in a significantly higher submicron particle 
count than for the oil tests. The SO, emissions are 
significantly lower when firing EDS because of EDS' low 
sulfur content Additional industrial hygiene safeguards 
were necessary to handle EDS as compared to oil. 
However, no serious inconvenience or hardship was 
experienced by the operators in the test. 

Diesel Tests 

Evaluation of middle distillate LOS liquid as a potential 
utility diesel engine fuel was co-funded by EPIU, the 
Eastern Utilities Commission (Eastern Maryland), and 
the American Public Power Association. Both labora-
tory and field testing were performed with this fuel. 

A laboratory test program was conducted at Southwest 
Research Institute, San Antonio, Texas using a turbo 
charged 4-stroke, 12 cylinder GE medium-speed 
(900 rpm) locomotive engine. One cylinder of the 
engine was modified to allow pilot injection of diesel oil 
for ignition assistance. EDS could not be burned alone 
in a pure diesel mode because of its low cetane number 
(21). The other 11 cylinders burned No. 2 diesel fuel 
throughout the test The test cylinder burned either 
neat synfuel with No. 2 diesel pilot injection assistance 
or blends of LOS and diesel oil. Blends of 30 and 
50 percent EDS were used. 

The test work demonstrated that LOS could be burned

neat in an otherwise unmodified cylinder with pilot 
No.2 diesel oil injection. At 1,050 rpm and full load, 
power levels within 1 percent of baseline levels were 
achieved with a pilot injection rate of 5 percent of 
cylnder fuel heat input. However, some light audible 
knock was observed, All LOS blends could be burned 
with approximately baseline-level horsepower without 
excessive knock at 1,050 rpm. However, tests at 
536 rpm produced more severe knocking tendencies. 
This is attributable to lower cylinder compression tem-
peratures. 

A full-scale field test was conducted at the Eastern 
Utilities Commission using a 360 rpm, 16 cylinder tur-
bo-charged Cooper-Bessemer engine driving a 
3.5 megawatt (e) generator. Cooper Energy Services 
and Eastern performed the site adaptation engineering 
and conducted the engine field tests. 

The variables for this test program were engine load at 
full speed (no load, 1,800 kilowatts, 2,600 kilowatts, and 
3,600 kilowatts); EDS and No. 2 diesel fuel blend (0, 25, 
66.7, and 75 percent EDS); and air manifold temper-
attire (950, 1100, and 1500F). The fuel blends were 
tested in both single-cylinder and full-engine tests. 

Most of the single-cylinder tests were run with un-
blended EDS with a spark-natural gas ignitor providing 
about 3 percent of the fuel-derived cylinder heat input 
at full load. Those tests were successful and engine 
efficiency was comparable to that obtained with the 
base No. 2 diesel fuel. 

Tests with the blended fuels showed that the full engine 
can operate on blends containing up to 65 percent EDS 
without excessive knock when the air manifold temper-
ature was raised to 1500F. Increasing the air manifold 
temperature significantly reduced the knock produced 
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by the EDS blends. The 75 percent EDS blend could not 
be used in the full engine tests because of unacceptable 
knocking levels. The 66.7 percent EDS blend resulted in 
approximately the same heat rate, carbon monoxide, 
carbon dioxide, and NOx levels as those produced with 
100 percent No. 2 fuel oil. Sulfur dioxide emissions 
were lower because of EDS' low sulfur content. Total 
hydrocarbon emissions were 40 percent lower and the 
total particulate level was 74 percent higher. Blends of 
EDS and No. 2 fuel oil form waxy precipitates that can 
pass through 20 micron filters but clogs 5 micron fil-
ters. 

Handling a fuel that has more stringent industrial 
hygiene requirements than No. 2 diesel oil did not 
materially affect crew efficiency. The test time was 
too limited to draw any conclusions regarding long-term 
effects on engine parts or lube oil. Overall, the test 
results show that EDS could be a viable diesel fuel, 
given some engine modifications and changes in operat-
ing procedures to improve its combustion characteris-
tics. 

Gas Turbine Test

TABLE 3

GAS TURBINE TEST PERFORMANCE 

No Water Injection	 7,1axirnun Water lneotion 

	

No. 2	 No. 1 

	

Oil	 H-Coal	 EDS	 Oil	 ti-Coal	 EDS 

li21C Ratio	 0.1447	 0.1223	 0.1142	 -	 -	 - 
Water-to-Fuel Ratio	 -	 -	 -	 1.22	 1.22	 1.22 
Power (1(W)	 25,400	 24,821	 24,576 26,267	 25,343	 27,157 

	

Heat Rate (B'l'U/KW H) 13,454	 13,791	 13,675 14,380	 14,524	 14,386 

0.65 water-to-fuel ratio for H-Coal and 0.33 water-to-
fuel ratio for EDS. Unburned hydrocarbon and carbon 
monoxide emissions with synfuels were not significantly 
different than the base. High water injection rates for 
NOx control significantly increases carbon monoxide 
emissions for all fuels at all test conditions. Bacharach 
smoke number was lower with H-Coal and higher with 
EDS than for untreated No. 2 turbine fuel. The results 
of the particulate emission tests are shown in Table 4. 

TABLE 4 
The evaluation of EDS middle distillate and H-Coal 
light distillate liquids in a utility gas turbine was co-
funded by EPltl, the Philadelphia Electric Company, 
and Westinghouse Electric Company. The test engine 
was a Westinghouse 251 AA, 26 megawatt (e) liquid 
fueled combustion turbine. It has eight can-type com-
bustors, each equipped with a single fuel nozzle. A 
standard W251B water injection system was used for 
fuel atomization only during start-up. 

The turbine was evaluated first by burning conventional 
No. 2 fuel oil to establish baseline data. Upon comple- 
tion of baseline testing, H-Coal was burned and all data 
points were run without difficulty. The EDS fuel 
presented some difficulty due to the presence of or-
ganic suspended solids in the EDS fuel, It was neces-
sary to increase the fuel filter pore size (from S to 
50 microns) and to heat the fuel to 135°F to reduce 
filter element change intervals. 

Test results show that the coal liquids could be used as 
turbine fuels in modern machines with 1,800 0F or higher 
firing temperatures if design modifications to reduce 
excess combustion liner metal temperatures caused by 
the fuel's hydrogen deficiency were implemented. Max-
imum liner temperatures were 175°F higher for EDS and 
150°F higher for H-Coal than those resulting from 
untreated No. 2 fuel oil combustion. These higher tem-
peratures will probably result in a significantly shorter 
liner life. 

The heat rates and power output, with and without 
water injection results are presented in Table 3. The 
synfuel results are, comparable with the base No. 2 
turbine fuel. 

Observed NOx emissions at all loads are expectedly 
higher for these higher fuel bound nitrogen (PBN) 
content fuels. However, both coal liquids responded 
well to water injection, with baseload Environmental 
Protection Agency N O limits of 75 ppmv being met at

GAS TURBINE EXHAUST
PARTICULATE LOADINGS

(Pounds Per Hour) 

Water- Net Exhaust 
Test to-Fuel Particulate 

Fuel Type No. Ratio Loadings 

No.2 Distillate' 1.1 0.00 3.72 
Base w/Smoke Reduc- 1.2 1,24 4.95 

tion Additive 
H-Coal' 2.1 0.0 5.07 
H-Coal' 2.2 1.14 7.13 
EDS' 3.1 0.0 9.75 
(150°F, 50	 Micron 3.2 1.07 13.15 

Fuel Filters)

'Replicate sample 
''No replicate samples 

Analysis of dynamic pressure data and accelerometer 
observations in the instrumented combustor liner 
showed a slight increase in vibration and dynamic 
pressures when burning synfuels without water injection 
compared to baseline fuels. Water injection tended to 
reduce vibratory responses. However, at no point was 
the dynamic response sufficiently different from the 
baseline fuel conditions to indicate any significant 
effect on combustor life. 

The liners showed some signs of incipient distress of a 
type normally associated with high temperature opera-
tions. A reddish deposit was collected from the inside 
of the instrumented combustor liner, transition, and the 
turbine inlet vanes after both test fuel burns. The liner 
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deposit was relatively thin, but the transition and 
tubine inlet vanes deposits were up to 1/8 inch thick. 
However, no measurable degradation in engine flow was 
observed during the test. The deposit is believed to 
contain iron compounds derived from combustion of the 
H-Coal andof the smoke reduction additive in the 
No. 2 fuel oil used for startup. 

In summary, the substitution of coal liquids resulted in 
acceptable heat rates, and the use of water injection 
allowed the attainment of the Environmental Protec-
tion Agency emission limits for these fuels. No pro-
blems with the combustor liner developed as a result of 
a higher metal temperature produced during the firing 
of coal liquids. However, this phenomenon must be 
addressed when considering the use of these fuels 
during long-term operations. 

LONG-TERM TESTS SHOW NO ADVERSE EFFECTS 
ON BEACON SOLIDS 

For several years TRW has been developing the 
BEACON process with financial support from the 
United States Department of Energy (DOE). Tests were 
recently conducted to demonstrate simultaneous, 
steady state operation of both the carbon deposition 
and the steaming reactors. These tests were recently 
summarized by J. Blumenthal at the 11th Energy Tech-
nology Conference on March 19, 1984. The title of his 
presentation was "Tandum Reactor Testing of the BEA-
CON System."

Process Description 

BEACON is an acronym for BTU Extraction And CON-
centration. The process is based on the deposition of 
highly reactive carbon from low heating value gases on 
a catalyst, and subsequent reaction of the carbon to 
form methane or hydrogen. As shown in Figure 1 the 
BEACON process involves circulating an easily fluidiz-
able, carbonaceous material containing a catalyst be-
tween two fluid bed reactors. 

In the first reactor the incoming carbonaceous material 
and catalyst are enriched in carbon content through the 
deposition of carbon from low heating value fuel gas. 
The gas is depleted in energy content by approximately 
the heating value of the deposited carbon. The fuel gas 
is fed into the deposition reactor at near ambient 
tem,erature and the depleted fuel gas exits at 4500 to 
550 C. Thus, most of the exothermic heat from the 
carbon deposition is taken up as sensible heat in the 
depleted gas. 

The carbon rich, solid, carbonaceous material and asso-
ciated catalyst from the deposition reactor are separ-
ated from depleted fuel gas and fed to a second reactor 
where the material is contacted with steam at temper-
atures as low as 5500C. Depending on operating condi-
tions (pressure, temperature, and steam utilization) and 
catalyst type, either the formation of methane or 
hydrogen may predominate. (Editor's Note: The pro-
cess can also be reversed by extracting carbon from 
natural gas, and reacting the carbon with oxygen to 
form synthesis gas—carbon monoxide and hydrogen.) 

FIGURE 1 
BEACON COGENERATION PROCESS SIMPLIFIED FLOW DIAGRAM 
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Meat can readily be supplied (indirectly) from the hot, 
depleted, and fully combusted fuel gas. Thus, a part of 
the residual energy content of the depleted fuel gas is 
used to drive the steam-carbon reactions. 

To complete the solids circulation loop, carbon-lean 
solids from the steaming reactor are returned to the 
carbon deposition reactor. The carbon-lean solids may 
contain 50 to 60 percent carbon and the carbon-rich 
solids may contain 80 to 90 percent carbon. 

The researchers believe the BEACON technology pos-
sesses three key technical advantages: 

• A novel chemistry that results in very fast 
reactions at moderate temperatures. 

• An ability to produce either methane or hydro-
gen as a primary product. 

• An intermediate carbonaceous material and as-
sociated catalyst which has excellent fluid 
mechanical properties. 

Experimental Tests 

The objective of the experiments was to test the 
chemistry and catalysts in the smallest possible scal-
able reactor system that would permit near continuous 
feed and withdrawal of solids from both reactors of the 
BEACON process. This objective was met through the 
use of a "huff-puff" type tandem reactor system. In the 
tandem concept the two reactors are connected with a 
fluid bed transfer line located below the top of the 
beds. Transfer is accomplished by establishing a small 
differential pressure between the two reactors and 
opening the transfer line valve. Approximately 10 per-
cent of the bed is transferred each time. 

The relative size of the two reactors must be such that 
the quantities of carbon deposited and gasified per unit 
time are equal and both reactors must operate under 
fluidized bed conditions. Ranges of allowable operating 
conditions are shown in Table 1 (pressure in the two 
reactors must be nearly equal). 

TABLE 1 

BEACON TANDEM TEST REACTOR
OPERATING CONDITIONS 

Deposition Steaming 
Parameter	 Reactor	 Reactor

Temperature, °C 400-600 500-750 
Pressure, Atm 1-10 1-10 
Gas Velocity, cm/sec 545 545 
Feed Gas Composition (%) 

Steam 0 50-100 
Nitrogen 10-85 0-50 
Hydrogen 5-30 0 
Carbon Monoxide 10-50 0 
Carbon Dioxide 0-10 0

The test system deposition reactor has a 6 inch inside 
diameter and the gasifier a 3 inch inside diameter. 
Approximately 6 kilograms of BEACON solids were 
loaded to the deposition reactor and about 1.5 kilo-
grams to the steaming reactor. The reactors were 
brought to the desired temperature and pressure with 
nitrogen and then switched to the corresponding reac-
tive gases. The nominal deposition reactor feed gas 
composition was 10 percent carbon monoxide, 5 percent 
hydrogen, 2 percent carbon dioxide, and 83 percent nit-
rogen by volume. 

Test Results 

A single batch of BEACON solids was subjected to 
approximately 600 hours processing (simultaneous car-
bon deposition and steaming in separate reactors) in-
eluding a 73 hour around-the-clock run. Carbon mon-
oxide and hydrogen utilization in the deposition reactor 
was high (near equilibrium) and constant throughout the 
600 hours of operation. Once a reactor pressure stabi-
lity problem was solved, steam utilization and methane 
yield in the steaming reactor remained virtually at 
equilibrium for the duration of the steady state opera-
tion. The researchers report that neither the deposition 
nor the gasification data reveal any trend of catalyst 
deterioration. 

Table 2 summarizes steaming test data and composi-
tions predicted by thermodynamics for equilibrium 
operation at 600° and 6200C (columns 1 and 2). Table 3 
presents similar data on the carbon deposition operation 
that indicate good product gas stability and agreement 
with thermodynamically predicted values. Feeds of low 
BTU gas with and without carbon dioxide were used, 
and the only discernible effect was that carbon dioxide 
appeared to reduce the methane concentration in the 
spent gas.

TABLE 2

STABILITY OF PRODUCT GAS CoMP(EITION IN TANDEM REACTOBS 
(Steam Geiliation of BEACON SoUch at toot and tot. 106 P520) 

'thermo-
dynamic	 Hoursof Operation (Teet Data) 
Predicted	 50	 100'	 lS0•	 300" 250" 3ao'	 350	 420'' 

Compeeltion' Hours Hours Hours H	 H	 H 
Goat 620t 

CIt4 21	 IV	 22	 24	 19	 21	 30	 20	 20	 20 

H2	 35	 31	 36	 34	 41	 40	 40	 41	 40	 41 

Co	 9	 II	 3	 I	 3	 2	 4	 1	 2	 I 

CO2 35	 33	 39	 41	 37	 37	 34	 36	 30	 36 

Percent 
steam ii	 62	 62	 61	 63	 59	 62	 62	 63	 59
utiuza-
unit 

'Goat Data 
620t Data 

• Typical Peed Compoaltioju 60% Steam, Balance Nitrogen 
• Typical Ga Velooities 0.2 FPS In CashIer, 0.44.5 FPS in DotItion Reactor 
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TABLE 3 

STABILITY OF PRODUCT GAS COMPOSITION IN TANDEM REACTORS
(Carbon Deposition on BEACON Sollib at 4301C, 100 P500) 

Iriorm 0 
dynamic Hours or Operation (Toot Date) 
Predicted	 50	 100	 I5O	 200	 250	 300	 350	 420 

Compcsition	 Hours Hours Hours Hours Hours Hours Hours Hours 
(430t)	 - - 
-	

Product Gas Composition, % V/V (Nitrogen Free) 

CHI 10.9 6.4 10.8 10.9	 4.5	 12.5 10.3 11.1 02.1 8.2 

H3 17.7 01.8 16.5 08.8	 16.8	 14.4 20.3 22.3 18.6 18.0 

CO 2.1 2.0 12.1 00.6'	 14.6	 15.2 12.5 5.4 4.8 13.6 

CO2 69.3 79.8 60.6 59.8	 64.0	 57.9 $6.9 60.9 64.7 60.2 

Peed Gas Coinposillon, % V/V (Balance Nitrogen) 

CO 00 10 13 II	 10	 10 It 10 It 10 

H 2 5 5 7 5	 5	 5 5 5 5 S 

CO2 0 2 3 2	 2	 0 0 I I I 

Pool Utilization 

% CO 98.9 98.7 87 90	 85	 89 91 95 96 88 

tH2 82.6 84.5 69 75	 60	 76 67 59 65 67

• Column I refers to feed composition without CO2 and 
Column 2 refers to rood composition with CO2 

Upon completion of the long-term test, the researchers 
conducted a brief temperature and pressure scan (about 
40 hours total processing time) to determine if pro-
longed processing had any adverse effects on steaming 
performance at low pressures or at high temperatures. 
The data indicate that long-term processing had no 
detrimental effect on the performance of BEACON 
solids in the parameteric ranges covered by these tests. 
Because the experimental data traced closely the tem-
perature and pressure effects predicted by thermodyn-
amics, the researchers concluded that long-term pro-
cessing was not detrimental to the recirculating 
BEACON solids. 	 # 
FIXED BED GASIFIERS ARE CAPABLE OF 
FOLLOWING LOAD CHANGES 

If fixed bed gasifiers are to be used in industrial 
applications, they mast be capable of responding to 
rapid changes in energy consumptiori rates. Dr. Fred L. 
Jones recently summarized the results of load following 
tests conducted by American Natural Resources (ANR). 
The title of his presentation at the 1984 Energy-Sources 
Technology Conference held on February 12 was "Load 
Following Response Characteristics of a Fixed Bed 
Gasifier." 

Traditionally, the fixed bed gasifier has been considered 
a "base load" technology that is limited in response and 
turndown capabilities. To investigate the capabilities 
of the fixed bed gasifier in handling load fluctuations, 
ANR co-sponsored studies on two generic types of fixed 
bed commercial scale gasifiers. The thin bed gasifier, 
having a fuel bed of a few iches to less than two feet in. 
depth, was represented by the Riley Morgan gasifier. 
The thick bed gasifier, with a fuel bed typically five 
feet in depth, was represented by the Wellman Galusha 
gasifier.

Thin Bed Gasifiers 
In 1979, ANR contracted with the Riley Stoker Corpor-
ation to gasify 1,000 tons of North Dakota lignite in its 
commercial demonstration gasifier. The 10.5 feet dia- 
meter gasifier features a refractory lined rotating 
barrel, ash pan, water seal, and blast hood. Steam is 
produced in an auxiliary boiler and mixed with the blast 
air below the blast hood. For the test, product gases 
were transported through a cyclone to a large combus-
tor for disposal. The facility has continuous on-line 
monitors for carbon monoxide, hydrogen, carbon di-
oxide, and CH4 concentrations and gas lower heating 
value.	 - 

Lightoff of the Riley gasifier is accomplished using a 
gas torch inserted through the top deck of the gasifier 
into the coal bed. The gasifier is rotated at its normal 
speed, one revoluation every 6.5 minutes, while the 
torch remains stationary. The resulting ring of burning 
coal rapidly spreads until the entire fuel bed has 
Ignited. At this point, gas quality rapidly improves and 
reaches steady state in less than two hours. 

Shutdown of the Riley system is accomplished by stop-
ping the airflow to the gasifier and increasing the 
steam flow. The gasifier is rapidly quenched by the 
endothermic gasification reactions. As the airflow 
ceases, the hot carbon in the fuel bed reacts with the 
steam to produce hydrogen and carbon monoxide. Addi-
tionally, the steam drives the water gas shift reaction 
to produce carbon dioxide and more hydrogen. The gas 
neating value increases slightly until the fuel bed cools 
and the concentrations of hydrogen and carbon dioxide 
fall off gradually. The shutdown operation is completed 
In several hours. 

Load following on the thin bed Riley Morgan gasifier 
was found to be rapid. A doubling of load (airflow) 
shortly after startup produced no significant change in 
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gas quality. Two similar load increases later in the test 
also produced no significant changes in gas quality. The 
researchers conclude that the system had very little 
inertia to load changes because of the combination of 
high chemical reactivity of the lignite coupled with low 
fuel inventory in the thin fuel bed. 

Thick Bed Gasifiers 

The system chosen to represent the thick bed gasifiers 
was the Wellman Galusha gasifier. The gasifier that 
was tested is a 78 inch diameter commercial unit owned 
by the Henna Mining Company and currently installed 
at the United States Bureau of Mines Twin Cities 
Research Center(TCRC) in Minneapolis. The gasifier 
is instrumented to provide continuous measurement of 
operating variables and product gas carbon monoxide 
and carbon dioxide concentrations. A gas chromato-
graph provides a complete analysis of the major gas 
components roughly every twenty minutes. Steam for 
the air blast is generated in the gasifier water jacket 
and In a natural gas fired auxiliary boiler. 

During the 1980 test campaign, the TCRC gasifier was 
operated for 30 days on North Dakota lignite. No 
specific load following tests were carried out during the 
run, but the researchers found that there was not 
deterioration in product gas quality over the entire 
range of loads. 

The 1981 campaign provided the first test of actual 
load following capabilities on the gasifier using a Color-
ado sub-bituminous coal. Gasifier airflow was rapidly 
reduced from maximum load to one-sixth of full load 
and virtually no change in carbon monoxide and carbon 
dioxide concentration occurred as the gasifier toad 
dropped. Only a slight dip in carbon monoxide concen-
tration was noted as the load was restored. The only 
significant change in operating performance was a drop 
of 150°F in gasifier off take temperature as the load was 
reduced. Restoration of the load restored the off take 
temperature. 

The researchers believe that the coal reactivity was 
again sufficiently high to allow rapid load swings, even 
though the fuel bed inventory is much greater than in 
the thin bed gasifier. The reduction in load is believed 
to cause the reaction zones within the fuel bed to 
shrink in thickness, but to continue to allow the chemi-
cal reactions to proceed to completion. 

Recent MIFGA program efforts generated load follow-
ing data on both high and low rank coals. A test in 
September 1983 Investigated the performance of ANR's 
eastern Kentucky bituminous coal in the Galusha gasi-
fier. In this test, the gasifier was allowed to reach 
steady state conditions and the air flow was then 
dropped to one-third of maximum. The gas tempera-
ture immediately dropped 200°F, then incresed gradual-
ly to slightly lower than at the high load condition. The 
continuous gas analyzers showed a rapid increase of 
about 2 percent in carbon monoxide concentration, and 
a similar decrease in carbon dioxide concentration as 
the load dropped. The carbon monoxide and carbon 
dioxide concentrations gradually returned to approxi-

mately their initial values in approximately 10 minutes. 
After 4 hours at the lower load condition the airflow, 
was rapidly increased to the higher level. Product gas 
temperature rapidly increased 200°F, then gradually 
returned to previous value at the high load condition. 
The continuous gas analyzers indicated a 1 percent de-
crease in carbon monoxide and a similar increase in 
carbon dioxide concentration as the load was restored. 
These concentration shifts lasted for over 5 minutes 
and then returned to approximately the original values. 

The researchers theorize that the gas concentration 
swings indicate that the combination of lower coal 
reactivity and broader zones of high temperature within 
the gasifier result in a much greater thermal inertia in 
the bituminous coal bed. 

Quite recently, the MIFGA program produced additional 
Information on load following in the Galusha gasifier on 
an Arkansas lignite. As before, the gasifier was oper-
ated at high load for an extended period, and the 
airflow was then reduced by 50 percent in less than one 
minute. An immediate decrease of over 50 degrees was 
seen in gasifier off take temperature. The continuous 
gas analyzers showed only small variations in gas com-
position over the test period. After one hour, the 
gasifier load was again increased to its previous level. 
Gasifier product gas temperature again increased rapid-
ly, then returned to the value it had been prior to the 
original drop in load. Gas concentrations wandered 
slightly, but not to any extent that can directly be 
attributed to the immediate load swing. Rather, there 
appeared to be a gradual shift in gas compositions that 
may reflect slightly more efficient performance of the 
coal at higher loath. 

All of the above investigations were carried out with 
coals presized to a 2 x 3/4 inch size range. Recent test 
work shows that load following characteristics using 
coals of smaller size produce slightly different results. 
The researchers have not yet determined the effect of 
the ratio of coal mass to reactive surface area. 

Summary 

The researchers conclude that the fixed bed single 
stage gasifier is capable of responding to major rapid 
swings in load, both positive and negative, without 
significant deterioration in gas quality. Both thick bed 
and thin bed gasifiers are capable of such load swings. 
Small variations in gas quality that do occur are of 
short duration, and become greater with increasing coal 
rank. The most significant variation is that of product 
gas temperature. Therefore, downstream gas cleaning 
equipment should be designed to tolerate these temper-
ature changes if load following is required. 
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INTERNATIONAL 

SOVIET UNION TESTS PROMISING COMBINED 
LIQUEFACTION/GASIFICATION PROCESS 

The Union of Soviet Socialist Republics (Soviet Union) 
has a national program under way to develop a commer-
cially viable synfuels industry. One part of the program 
is the development of a process that combines short 
contact time liquefaction with gasification of the resi-
due and heavy oil. Mrs. 0. M. Revenko summarized the 
status of the process in a paper entitled "Combination 
of Hydrogenation and Gasification of Coal." The paper 
was presented at the World Petroleum Congress in 
London in September 1983. 

Test Result 

To reduce the cost of coal-derived liquids, the Soviet 
researchers are investigating processes that can utilize 
low cost coals and/or have lower required capital 
investments. An inexpensive source of coal that was 
selected for study is the brown coal of the Kanko-
Achinskii region. These coal fields contain reserves 
estimated at hundreds of billions of tons, in beds of up 
to 230 feet thick that are very convenient for strip 
mining. These brown coals are estimated to be the 
cheapest in the country. Even conventional coal lique-
faction of these coals appears to be economically 
attractive. 

A further reduction in coal-derived fuel costs can be 
achieved by increasing the production rate and simpli-
fying the process. Therefore, the Soviet researchers 
have conducted studies to determine the feasibility of 
combining hydrogenation and gasification of coal in one 
system. This study was based on the following assump-
tions: 

• Any coal liquefaction plant needs hydrogen and 
should, therefore, incorporate a process for 
gasification of coal or coal processing residues 
with the intent of producing the necessary 
hydrogen; 

• The process should aim at liquefying the more 
reactive part of the coal rather than the entire 
substance, especially in the case of relatively 
young, readily liquefiable coals; 

• The less reactive fraction of coal should be 
gasified rather than liquefied because the dif-
ference in reactivity will be less pronounced 
under high-temperature gasification conditions; 

• High pressure gasification should be used to 
permit unconverted coal and high-molecular 
weight products to be fed directly from the 
liquefaction process. 	 - 

To determine the feasibility of rapid liquefaction of 
brown coal, the hydrogenation kinetics of coal from the 
Berezovskoye Deposit in the Kansko-Achinskii Fields 
was studied. An analysis of this coal is summarized in 
Table 1.

TABLE 1 

CHARACTERISTICS OF
KANSKO-ACHINS&lI COAL

(Percent) 

Water Ash Volatiles Sulfur 

2.82 6.21 49.17 0.57 

Oxygen 
+ 

Carbon Hydrogen Nitrogen Sulfur 

71.74 5.09 0.72 22.45

The coal was liquefied in an autoclave that was equip-
ped, to allow the injection of the coal/solvent slurry 
(coal: tetralin = 1:2, with 0.3 percent Fe 2 added in 
most experiments) and the removal of the reaction 
products after a desired holding period. Unreacted coal 
(and benzene insolubles) were separated from the 
hydrogenation product by benzene extraction and filtra-
tion. The data in Figure 1 indicte that the coal 
liquefaction rate is initially rapid, but starts reducing 
sharply after about 50 percent conversion. The use of 
catalyst increases the conversion somewhat, but is not 
a decisive factor. The first order reaction rate con-
stant for the initial liquefaction reactions (0 to 50 per-
cent) exceed the subsequent (50 to 70 percent) rate 
constant by more than an order of magnitude. The 
difference between the rates is greater at higher tem-
peratures. 

The researchers theorize that because the Kansko-
Achinskii coal is sub-bituminous it has a small amount 
of aromatic molecules and a large amount of aliphatic 
and alicyclic molecules. By studying the fraction of 
various elements that are incorporated into the gaseous 
and liquid products, the researchers found that oxygen 
and sulfur react most easily and that hydrogen reacts 
somewhat faster than carbon. These results indicate 
that the liquefaction products are richer in hydrogen 
then the remainder of the unreacted coal because the 
aliphatic parts of the coal react more easily. 

A study of effects of hydrogen pressure on organic 
conversion and hydrogen saturation of the products was 
conducted. In the initial stages of liquefaction little 
effect was detected. 

Some of the hydrogenation products were analyzed for 
the amount of pre-asphaltenes (insoluble in benzene) 
and asphaltenes (insoluble in n-hexane), which are found 
to increase with the time of contact as shown in 
Table 2. The researchers attribute the accumulation of 
asphaltenes during hydrogenation to the chemical na-
ture of the Kansko-Achinskii coal reacting such that 
the less complicated molecules are reacted first while 
the asphaltene-yielding molecules react later. 
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FIGURE 1 
KINETIC CURVES OF 
KANSKO-ACHINSKII 

COAL LIQUEFACTION (12MPa) 
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The reactivities (rates of combustion) for various lique-
faction residues were also tested. These tests indicate 
the residues obtained after 5 to 10 minutes have the 
highest reactivity and have a higher heating value than 
the original coal. 

Process Simulation 

The Soviet researchers selected two liquefaction condi-
tions (50 percent conversion and 60 percent conversion 
of the organic portion of the coal) to conduct studies of 
the gasification process. As shown in Figure 1, these 
conversions can be achieved in approximately 10 min-
utes at 683° and 703°K, respectively. The process mass 
balances to achieve these conversions in the liquefac-
tion process are summarized in Table 3. 

The unconverted coal residues and heavy oils from the 
liquefaction step that would be gasified in the proposed 
two-step scheme are characterized in Table 4. Simula-
tions of the gasification process indicte that the 
water/oxygen molar ratio must equal 0.2. Under these 
conditions, the amount of carbon dioxide and water in 
the gasification products can be neglected, and carbon 
monoxide and hydrogen are the main gas components. 
In the case of gasification of the 50 percent liquefac-
tion residue (i.e., 60.0 rams of heavy oil and 
531.1 grams of unconverted coal), the theoretical car-
bon monoxide yield is 989.8 grams, and the hydrogen 
yield is 34.4 rams at a water flow rate of 48 rams. In 
the case of gasification of the 60 percent liquefaction 
residue, the carbon monoxide yield is 852.9 rams, and 
hydrogen yield is 31.0 grams at a water flow rate of 
41.2 rams. Therefore, for both cases the gasification 
process produces more hydrogen than is needed for the 
liquefaction process (see Table 3). 

The hydrogen consumed in the liquefaction process 
(22.5 rams and 27.0 rams, respectively) utilizes ap-
proximately 25 mole percent of the gases produced 

TABLE 2 

PRE-ASPHALTEHE AND ASPHALTENE CONTENTS IN
KANSKO-ACHINSKII COAL HYDROGENATION PRODUCTS

(Percent) 

6630K 683°K 7030I( 
Time	 Pre- Asphaltenes Asphaltenes 

of	 Asphal-	 Asphal- W/Out With W/Out With 
Contact	 tenes	 tares Catalyst Catalyst Catalyst Catalyst 

(Minutes) 

10	 absent	 1.73 5.34 3.57 3.05 4.41 
30	 0.36	 3.39 6.31 4.64 3.89 4.36 
60	 -	 - - 4.82 3.53 4.08 
90	 0.45	 3.83 6.70 4.47 4.06 3.75 

180	 0.56	 4.71 6.83 4.33 3.91 4.51 

Key: 

Composition of coal - see Table 1 
Pressure: 12 MPa 
Coal: Tetralin = 1:2, with 0.3% Fe2
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TABLE 3	 TABLES 

LIQUEFACTION MATERIAL BALANCES OF NET HEAT GENERATED BY GASIFYING 
KANSKO-ACHINSKU COAL AT LIQUEFACTION RESIDUES FROM 
683°-703°k, 12 MPa, 0.3% Fe2' KANSKO-ANHINSKII COAL 

(Kiojoules) 

50% 60% 
Conversion Conversion 50%	 60% 

Feeds Conversion	 Conversion 
Residue	 Residue 

Coal 1,000.0 1,000.0 
Hydrogen 22.5 27.0 Gross Heating Value of 	 14,900	 13,035 

Gases 
Total 1,022.5 1,027.0

Hydrogen Consumed for 	 3,725	 4,562 
Products Liquefaction	 (25% of gross) (35% of gross) 

Carbon Dioxide (with CO 85.2 87.0 Energy Consumed by	 7,153	 7,153 
admixture) Reactions (28% of 

Reaction Water 79.2 95.2 energy in coal)	 - 
Hydrocarbon Gases 86.5 97.0 Net Heat	 4,022	 1,320 (With Formula C241168) 
Oil:

Heavy Oil (>643°-663°K) 60.0* 73•0* 
Middle Oil (c6430-6630K) 180.5* 232.5*

TABLE 6 
Sub-Total 240.5 310.5 

Unconverted Residue YIELDS AND CALORIFIC VALUES OF Ash 62.1* 62.1* END PRODUCTS OF COMBINED HYDROGENATION 
Sub-Total 531.1 437.3 AND GASIFICATION OF KANSKO-ACHINSKH COAL 
Total 1,022.5 1,027.0

(Less Energy Consumed) 

* Denotes fractions of sub-totals, but 
are not included in total 

from gasifying the 50 percent conversion residue, and 
approximately 35 mole percent of the gases from gasi-
fying the 60 percent conversion residue. Additionally, 
the researchers assumed that 28 percent of the energy 
of the feed coal was consumed by the liquef action and 
gasification reactions. As shown in Table 5, the net 
heat generated by gasifying the two residues (50 per-
cent and 60 percent conversion) were calculated to be 
4,022 kiojoules and 1,320 kiojoules, respectively.

50% Conversion 60% Conversion 
kJ  kJ 

Feed Coal 1,000.0 25,548 1,000.0 25,548 
Liquefaction Products: 

Hydrocarbon Gases 86.5 4,363 97.0 4,893 
Middle Oil 180.5 7,000 232.5 9,000 

Gasification Products: 
Medium Calorific Gas 276.5 4,022 89.5 1,320 
Total 543.5 15,385 419.0 15,213 

Energy Efficiency 60.2 59.5

TABLE 4

CHARACTERISTICS OF UNCONVERTED COAL RESIDUES AND HEAVY OILS 

Liquefaction 
Organic	 Residue (%)	 Heavy Oil (%) 

Mass	 Oxygen	 Asphal-

	

Conversion Ash	 Carbon Hydrogen Nitrogen + Sulfur Volatiles Carbon Hydrogen Sulfur 	 Nitrogen tenes 
(%)  

50	 11.69	 79.34	 5.10	 0.88	 14.68	 37.90	 86.87	 8.60	 0.50	 0.51	 20.0 
60	 14.20	 79.31	 5.27	 1.12	 14.30	 38.61	 87.13	 8.48	 0.50	 0.48	 20.5 
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The overall theoretical energy balances of the com-
bined liquefaction/gasification process for the two resi-
dues are shown in Table 6. An overall energy efficiency 
or the process of approximately 60 percent for both 

eases was calculated. The researchers recognize that 
the yield of liquid products is low due to incomplete 
hydrogenation. However, because the feed rate can be 
increased six-fold, the yield per unit reaction volume 
per unit time is significantly higher than In processes 
involving high hydrogenation yields. 

The researchers have identified additional process im-
provements as follows: 

• Heat from cooling the gasification products can 
be used to generate the steam needed for the 
gasifier and to dry the feed coal. 

• A gas turbine may be used to combust the 
gasification products (medium calorific gas) to 
generate 0.227 KWH of electric power. 

• Direct coal combustion may be used to supply a 
portion of the needed heat. 

A pilot plant to test the process is currently being built. 
This unit will be used not only to test the Kansko-
Achinskii brown coal, but also inexpensive sub-bitumi-
nous coals. 

CGT COAL GASIFICATION PROGRAM TO RUN 
UNTIL 1986 

Carbon Gas Technology (COT) GmbH, is a West German 
joint venture of the groups: 

• Deutsche Babcock AG 
• Gelsenberg AG 
• Manfred Nemitz Industrieverwaltung. 

It was established in 1977, with the goal of developing a 
coal gasification process up to the point of commercial 
maturity and economic utilization. The COT coal 
gasification project is part of the scope of the energy 
technology program of the State of North Rhine-West-
falia, under the project designation "Combined Pressure 
Gasification." 

The Process 

The CGT coal gasification concept consists of the 
combination of proved principle processes of coal gasi-
fication in a specially developed reactor (Figure 2). 
The coupling of a fluidized bed with entrained flow 
gasification under pressure leads to a higher specific 
throughput capacity with simultaneously higher effi-
ciency. The production of tar-free product gas at the 
relatively low temperature level of the reactor leads to 
various simplifications in gas purification. At the same 
time, the established high availability of the basic 
gasification process was kept.

The Program 

The overall program for the development of the COT 
process consists of the following stages: 

• Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key com-
ponents of the technical process. 

• Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. 

• Step 3—Demonstration of the process at com-
mercial scale.	 - 

StQ 1-Comprnent Investigation 

For the component test program, in 1979 a cold flow 
pressurized fluid bed facility and one for an atmo-
spheric pressure dust gasification stage were erected. 
The facilities were integrated with the existing infra-
structure of the BP Ruhr refinery at l-Iuenxe (Figure 1). 

Separation effects in the fluid bed and the dependence 
on the size spectrum of the coal, as well as the fluid 

FIGURE 1 

LOCATION OF THE TEST FACILITY
AT HUENXE 
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medium distribution was studied in the fluid bed facil-
ity. 

Alternative burner arrangements, and burner capacity 
and dependence on the incoming coke dust was studied 
in the coal dust gasification facility. The influence of 
the grain size distribution was of particular signific-
ance. 

The conclusions of this project phase were given in an 
intermediate project report of July 1982. 

tTh32flrjto,rSpjhcflty 

In 1981, planning began for building a tat facility for a 
multi-stage COT gasification prothess. The process 
design was agreed in September 1982. The facility was 
completed on schedule in mid-1983. 

The test facility was erected, along with the component 
test facility, on the site of the BP Ruhr refinery at 
Huenxe (Figure 1). 

Specification of the 4 Tons
Per Hour Test Facility 

Coal Throughput (Tons/Hour), Maximum 4.4 
Working Pressure (Bar), Maximum 15 
Product Gas Quantity (Standard State, Dry) 

cubic meters per hour (about) 10,000 
Gas Outlet Temperature, ('C), about 1,000 
Input Coal: Chiefly Steam Coal from the 

Ruhr Region, 
Product Gas Composition (Vol %) 

CO + H2 (about) 80 
CR4 (about) 1

The Flow Scheme 

a PrjraUon 

In the coal preparation step, raw coal is fed to two 
separate breakers with different pulverization charact-
eristics, to produce the desired size spectrum. It is 
than dried in a fluid bed dryer with a downstream 
cyclone and tube filter, and stored on a bunker in an 
upper level of the facility (Figure 3). From the coal 
bunker, the coal is fed through a high speed nozzle and 
injected into the fluid bed region of the reactor. 

F isticlized  

The characteristic feature of the CGT Process is the 
integrated fluidized bed and dust gasification stages 
(Figure 2). The coal is inserted in the fluidization zone 
of the reactor, and fluidized and gasified by the addi-
tion of the gasification media (steam and oxygen) 
through side nozzles. The unconverted fine-sized por-

FIGuRE 2 

THE COT REACTOR 
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FIGURE 3 
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tion will exit the reactor with the 1,000 0C hot product 
gas and be separated in a downstream cyclone as coke 
dust. 

Dust Product 

The hot coke dust is cooled in a cooling nozzle to the 
allowable working temperature of the downstream con-
veying system and stored in two parallel connected 
bunkers. 

?a 224.9i Stage—

The coke dust is brought through another pneumatic 
flow system to the dust gasification stage at the top of 
the reactor and gasified with steam and oxygen in a 
cooled combustion chamber. The product gas exiting 
the combustor at high speed is directed to the fluid bed; 
in the fluid bed the largest portion of the sensible heat 
is transferred. 

The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. 

Gas Scrubber 

In the gas scrubber the product gas is cooled and 
washed. The separated solids are removed from the 
wash water in a filter press.

OUTPUT OF LURGI GASW tEa TRIPLED IN 
DEVELOP MEfl AT SASOL 

At the March 1984 meeting of the South Africa Insti-
tute of Chemical Engineers, a presentation by Sasol 
personnel outlined the history of improvements made to 
the Lurgi dry-bottom gasifier during almost 30 years of 
operating experience. The company now operates a 
total of 97 gasifiers at Sasol One, Two, and Three. 
These plants are in the Republic of South Africa, the 
Sasol One Plant being located in Sasolburg while the 
Sasol Two and Sasol Three plants are in Secunda. The 
Sasol gasifiers operate at pressures of about 3,000 kilo-
pascals. 

The gas production capacity of a gasifier can conven-
iently be expressed in terms of an hourly gas production 
quantity per unit of reactor cross-sectional area. For 
comparative purposes the gas production capacity per 
gasifier is expressed on a percentage basis relative to 
the original design capacity. 

Beginning in 1955 to the end of 1975, nine gasifiers 
were originally installed at Sasol One. These gasifiers 
were designated Mark One gasifiers. 

After initial commissioning only 80 percent of the de-
sign capacity per gasifier was achieved. The original 
design capacity for the Mark One gasifier was only 
achieved after two and one-half years of operation at 
the end of 1957 (Figure 1). 

Incinerator 

In the test facility the product gas will burned be in an 
incinerator, and the flue gas led to the existing refinery 
stack. 

The Tast Program 

FIGURE 1 

SPECIFIC OUTPUT OF LURGI GASIFIERS 
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The 4 tons per hour test facility was conceived to 
develop the CGT gasification process to technical pro-
cess maturity, and to prove the production capacity and 
principles of construction in a facility at industrial 
scale. Construction of the facility was completed in 
the fall of 1983. Plans are to run the system for a year, 
followed by another two years of operation in the third 
development phase. 

The most important aspect of the test program is to 
optimize the overall operation of the system. Of equal 
significance are the safety and reliabilty of the facility; 
long, continuous work phases must be demonstrated for 
this purpose. 

The test work comprises a conceptual test program up 
to the end of 1986. After bringing the facility on line 
and operating the combined fluidized bed with 
entrained now gasification, the complete working of 
the test facility, first of all with a reference coal, will 
be carried out over the entire working range. In the 
following test phases the suitability of different feed 
coals will be checked out. In connection with the 
systematic test program, gasification tests with client 
coals for specific applications are planned.

The plant suffered numerous troubles during this period. 
Clinker formation and start-up problems were encount-
ered. Mechanical fdilures of the closure mechanisms of 
the ash removal chambers and failures of some of the 
gasifier internals (driven from the top) were the main 
causes of lower than design availability and load. 

• debottlenecking phase took place during 1957/1958. 
• tenth gasifier, the Mark Two model, basically identi-
cal to the existing nine gasifiers but incorporating 
numerous refinements and improvements, was installed. 
All the installed gasifiers were converted to the Mark 
Two designation. Capacity per gasifier was increased 
to 19 percent above design level (Figure 1). 
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Over the next seven years a further improvement in 
gasifier capacity to 42 percent above the original de-
sign figure was achieved. 

During a plant expansion program, 1963 to 1966, three 
new gasifiers, called Mark Three models, were added. 
Again the three new Mark Three gasifiers were similar 
to the existing ten Mark Twomodels, but incorporated 
the latest refinements. AU gasifiers were now con-
verted to the Mark Three designation. 

A consolidation phase coupled with further slow im-
provement followed over the next few years (mid-1966 
to 1973). Gasifier capacity increased to about 47 per-
cent above the original design. The upper limit of a 
Mark Three gasifier was being reached mainly due to a 
limitation in the capacity of the coal lock chambers. 

In 1974, the need to commercialize an Improved larger 
diameter gasifier was recognized and design work pro-
ceeded on the Mark Four gasifier. 

The main differences between the Mark Three and Mark 
Four gasifiers were an increase of about 13 percent in 
net effective cross-sectional area and the replacement 
of the top grate drive and water-cooled central shaft 
with an externally placed, bottom dual drive mechan-
ism. 

A gas expansion project at Sasolburg was Initiated 
during the time and three Mark Four gasifiers were 
built. With the introduction of the Mark Four, gasifier 
design capacity had increased to 200 percent of the 
original design figure for the Mark One gasifiers 
(Figure 1). The specific gasifier capacity ultimately 
achieved with these gasifiers was more than 230 per-
cent of the original design figure. 

Engineering work for the Sasol Two project was ini-
tiated during late 1975. At this point a decision was 
made to specify Mark Four gasifiers for Sasol Two 
although these gasifiers were not yet commissioned at 
Sasolburg. Thirty-six Mark Four gasifiers were speci-
fied for Sasol Two. 

Due to the number of Lurgi gasifiers required in large 
plants, it was recognized that further scale-up was 
desirable. Work was therefore initiated in 1974 to 
design and build a scaled-up version called the Mark 
Five gasifier at Sasolburg. This gasifier was a nominal 
5 meter diameter reactor. The reactor cross-sectional 
area was 49 percent greater than that of the Mark 
Four. A demonstration unit was built at Sasolburg in 
addition to the three Mark Four gasifiers. 

The timing of both the Sasol Two project and the Sasol 
Three project was such that the Mark Five gasifier 
could not be specified because it had not been suffi-
ciently tested at that time. 

The Sasol Two project was commissioned successfully 
and achieved design gas production toward the end of 
1982. 

The different characteristics of the Secunda coal com-
pared with that of Sasolburg, resulted in somewhat 
lower gas toads per gasifier. However, a steady im-

provement was achieved over the first three and one-
half years of operation. 

After successful commissioning of Sasol Two and Sasol 
Three, a consolidation phase was started during which 
the number of gasifiers was increased from 36 to 40 in 
each plant this increased the total number of gasifiers 
Including the Mark Five to 97. 

By mid-1981 the Mark Five unit was In full commercial 
production, operating at a specific gas production capa-
city more than 245 percent of the original Mark One 
gasifier (Figure 1). Due to its larger cross-sectional 
area, the Mark Five gasifier produces at least three 
times the quantity of gas per gasifier as the Mark Three 
models. 

Higher capacities are limited by the gas velocity at 
which carry-over of coal from the gasifier outlet nozzle 
can be tolerated. 

Future work at Sasol is aimed at developing sensing 
devices for a fully automated gasifier. 
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ENVIRONMENT 

FLUIDIZED BED COMBUSTION OF GASIFIER 
PLY DUST FOUND ACCEPTABLE 

Since 1979 the Tennessee Valley Authority (TVA) has 
been developing a project that has evolved into the 
North Alabama Coal-to-Methanol Project. As part of 
the project, a system has been developed to utilize the 
gasifier fly dust in circulating fluidized bed combustors. 
Development of this system was recently explained by 
William M. Bivens at the Winter National Meeting of 
AIChE. The title of his presentation is "Energy Recov-
ery from Gasification Wastes Through Dewatering and 
Combustion." 

The current plant design is based on use of the Koppers-
Totzek atmospheric entrained bed coal gasification 
process offered by Gesellschaft fur Kohle-Technologie 
(GET), the United States marketing agency of Krupp-
Rappers. The Murphy Hill plant is designed to convert 
a nominal 3,600 tons per thy of eastern United States 
bituminous coal into approximately 2,100 tons of meth-
anol using four operating Koppers-Totzek gasifiers. 
One of the waste products from the gasifiers is fly dust 
residue with a composition summarized in Table I. The 
fly dust is collected as a slurry in the cooling washer 
and is pumped to clarifier basins where the fly dust 
settles to a high-moisture content sludge. Waste dispo-
sal at previous Koppers-Totzek commercial installa-
tions consists of pumping the sludge (approximately 
18 tons per hour for the NACMP facility) to large 
settling ponds.

TABLE 1 

NORTH ALABAMA COAL-TO-METHANOL PROJECT
DEWATERED FLY DUST PROPERTIES 

Minimum	 Maximum 
Expected Normal Expected 

Proximate Analysis Compo 
nents (%): 
Volatile Matter 0.0 na 1.4 
Ash 59.0 59.9 63 
Moisture 40.0 50 55 
Fixed Carbon rm na na 

Ultimate Analysis Compo-
nents	 (%): 
Carbon 38 37.9 45 
Hydrogen 0.1 na 1.0 
Oxygen 0.1 na 1.6 
Nitrogen 0.1 no 0.3 
Sulfur 1.3 2.2 2.5 
Ash 59 59.9 63 

Cholorine, ppm 50 na 260 
Fluorine, ppm 100 no 520 
Bulk Density, lb/cu. ft. 65-80

Dry basis	 na = not available

TVA analyzed the physical and chemical properties of 
fly dust samples from a large-scale test of Illinois No. 6 
coal in a commercial plant (the NFL facility at Ptole-
mais, Greece) and found that the usual fly dust ponding 
procedure was undesirable from an environmental 
standpoint because the dust exhibits thixotropic proper-
ties when combined with water. When ponded, the 
material contained 42 percent moisture. Attempts to 
compact the material at the maximum density created 
airborne particles. Therefore, to avoid the complica-
tions and expense of possible long-term monitoring of 
large waste impoundment areas, WA and GET investi-
gated alternate disposal concepts. 

Disposal Methods 

The following alternate arrangements were investi-
gated: 

• Dewatering and stacking 
• Incineration 
• Wet oxidation 
• Combustion in a coal-fired steam generator 
• Fixed fluid bed combustor 
• Circulating fluid bed combustor (CFBC). 

TVA does not consider dewatering and stacking to be 
practical for United States installations because pile 
maintenance and containment would be difficult. Fly 
dust incineration without capture of the heat produced 
results in significant energy losses, and sulfur dioxide 
emissions from an incinerator would require the instal-
lation of a scrubber. Wet oxidation consumes as much 
energy as is liberated. Combustion of the fly dust, as 
an auxiliary fuel to a small pulverized coal boiler, 
requires large capital expenditures. Although conven-
tional fixed fluid bed combustors are readily available 
and relatively clean burning, the wet fly dust causes 
feed difficulties, the fine fly dust particles tend to 
quickly elutriate from the bed, and fixed beds may 
require large quantities of limestone to attain the 
needed sulfur removal. 

CFBC has the advantages of the fixed fluid bed com-
bustor while offering high-carbon conversion, good sul-
fur capture, and a relatively simple feed system. Also 
the CFBC's convective pass is located after the hot 
cyclone, thus reducing erosion and corrosion problems 
associated with locating it within the combustor. The 
CFBC has proven commercial experience, produces 
steam to offset plant energy imports, and produces low 
levels of nitrous oxide emissions (due to the low bed 
operating temperature of 1,6500F). Although either the 
fixed or circulating fluid bed may be capable of proces-
sing fly dust wastes, WA believes the CFBC process is 
probably better suited for economically converting the 
fly dust. 

To verify the capability of the CFBC boilers to effec-
tively process fly dust, pilot plant tests were performed 
by Lurgi in West Germany and by Ahlstrom in Finland. 
The Lurgi test combustor consumed 8 tons of fly dust 
and the larger Ahistrom test unit burned 36 tons. At 
the optimum combustion temperature of 900 0 to 930°C, 
carbon conversion ranged from 90 to 95 percent. Cal-
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alum-to-sulfur ratios required to meet TVA's 95 percent 
sulfur capture requirement are approximately 2.5 to 
3.0. The tests Indicated combustion will be self-
sustaining at fly dust solids concentrations exceeding 
45 percent. Commercial boiler turndown capability 
should exceed four-to-one of full-load capability. The 
fly ash leaving the boiler exhibits low-water retention 
(as compared to the fly dust) and acceptable character-
istics for dry compaction/storage. Table . 2 summarizes 
a generalized material and energy balance around the 
fly dust treatment unit.

TABLE 2 

NORTH ALABAMA COAL-TO-METHANOL PROJECT
PLY DUST TRZAMENT UNIT

MATERIAL AND ENERGY PARAMETERS 

Expected Design	 Rated 

Fly dust feed (dry basis) 17.7 28.4 28.4 
coal feed (STPH) 

Fly dust moisture (%) 50 50 55 
Steam production (lb/hr) 98,600 164,470 200,000 
Electric Power Genera-

tion (MW) 
Gross 11.1 19.0 22.4 
Power consumption 2.4 2.4 2.4 
Net output 8.7 16.6 20.0 

Limestone usage (STPR) 3.4 3.3 4.1 
Supplemental fuel-coal none none 1.8 

(5TH!) 
Fly ash output (STPH) 13.8 16.2

Dewatering Methods 

The combustion tests did not conclude TVA's investiga-
tion. The fly dust sludge from the clarifiers contains 
15 percent solids which cannot support combustion 
without supplemental fuel. Therefore, samples of fly 
dust sludge were sent to various process vendors to 
study the following dewatering methods: 

• Agglomeration 
• Oil troth and solvent flotation 
• 1-lydroclone separation 
• Centrifuging 
• Rotary vacuum drum filtration 
• Pressure disc filtration 
• Plate and frame filtration 
• Belt press filtration. 

The proprietary agglomeration process utilizing a fluor-
ocarbon solvent to separate ash and water from carbon-
rich materials yielded promising results, but the process 
had yet to be commercially demonstrated at the time 
of the investigation. Tests performed using oil froth 
and solvent flotation techniques yielded unacceptable

levels of carbon/ash separation. Hydroclone perfor-
mance was inadequate for concentrating the clarifier 
discharge to a level acceptable for boiler feed. Centri-
fuges could not obtain acceptable fly dust solids con-
centrations. Predicted performance of vacuum drum 
filters was marginally acceptable. A new type of 
pressure disc filter appeared promising, but the filter 
was not yet commercially available at the time of the 
investigation. Although performance of a plate and 
frame filter module was good, the equipment operates 
in a batch mode which is not desirable for continuous 
boiler feed. 

A pilot test of a belt press yielded results equivalent to 
the plate and frame while providing the advantage of a 
continuous process. TVA expects the commercial belt 
press equipment to maintain cake solids concentrations 
of approximately 50 to 55 percent when considering fly 
dust compositional variations. 

Fly Dint Handling Techniques 

Fly dust slurries with solids concentrations between 40 
and 60 percent are difficult to convey because they are 
thixotropic and sticky. Only screw conveyors, belt 
conveyors, and chain link conveyors can operate across 
the required fly dust moisture range. 

Limestone Selection 

TVA performed a study of the best available limestones 
to minimize boiler limestone consumption. The goals of 
the limestone study were as follows: 

• Determine a reliable method for predicting a 
limestone's reactivity in a CFBC 

• Test samples of the available limestones and 
select the optimum 

• Obtain 10 tons of the selected limestone and 
ship it to Europe for use in the two European 
CFBC pilot plant tests. 

The prediction method that TVA developed involved 
subjecting calcined samples to a 7 percent sulfur di-
oxide gas absorption test at 1,650°F using a thermo-
gravimetric analyzer (TGA) and measuring the sample 
weight gain due to sulfur absorption. Samples with 
highest weight gain are assumed to the best performers. 
A second investigation that was performed was the 
"popping" test which identifies the relative susceptibi-
lity of the limestone samples to the phenomenon called 
"popping" in which the limestone particles explode when 
injected into the 1,600°F combustor. Each prospective 
limestone was ranked according to the results of the 
TGA sulfur dioxide reactivity tests and the popping 
tests. The pilot plant tests confirmed the capability to 
achieve 95 percent sulfur dioxide capture using the 
limestone demonstrating the best TGA reactivity and 
the second best "popping" performance. 

Present Configuration 

The present configuration of the plant's fly dust treat-
ment unit shown in Figure 1 is as follows: 

-
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FIGURE 1 

NORTH ALABAMA COAL-TO-METHANOL PROJECT 
FLYDUST TREATMENT UNIT DIAGRAN 
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• Two 11.2 MWe (gross) circulating fluid bed 
boilers each capable of handling 80 percent of 
the plant's expected full-load fly dust produc-
tion, connected to a common turbogenerator. 

• Four belt press filters each sized to handle 
7.2 short tons per hour of solids in the fly dust 
feed. 

• A Fly Dust Slurry Pond (FDSP) with a storage 
capacity of 30 days fly dust at the plant design 
production rate and a floating recovery dredge. 

From their studies, TVA has found that fluidized bed 
boilers provide a method of converting gasifier fly dust 
to an environmentally acceptable, inert fly ash with 
reduced storage area requirements. Additionally, the 
power produced by the boiler reduces plant energy 
import requirements which partially offsets the cost of 
solid waste disposal. 

VAPOR RECOMPRESSION TECHNOLOGY SUCCESS-
FULLY TESTED AT SASOL 

Resources Conservation Company (RCC) presented a 
paper on vapor recompression technology at the Nov-
ember 1983 AIChE meeting. The paper discussed the 
operating experiences with mechanical vapor compres-

sion (MVR) evaporator systems. Due to the current 
push for zero wastewater discharge, systems that re-
cover water for re-use are being thoroughly examined 
especially in water-limited areas of the United States 
where much of the synfuels industry is located. 

In 1978, RCC conducted a test run on wastewater from 
a bench-scale solvent refined coal plant. The source 
was the gasifier quench water, which contained 
organics, ammonia, and inorganic salts. Tests results 
indicated that the water recovered could be used for 
low pressure boilers. Another test was conducted at 
Sasol II in South Africa on gasifier condensate. Treated 
and untreated feeds were sent to the pilot plant MVR. 
The biotreated feed was analyzed and determined to be 
acceptable for boiler makeup; the untreated teed that 
went straight to the MVR system produced water 
suitable for cooling tower makeup. Test results and 
conclusions are presented in Tables 1 and 2. 

Sasol later examined MVR systems for their Number 2 
and 3 plants. They determined that vapor recompres-
sion was the technology to use due to: 

• Cost 
• Energy efficiency 
• Handling of scaling and fouling 
• Corrosion resistance 
• Ease of operation and maintenance 
• Quality of distillate liquids. 
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several test facilities in the United States. The article 
concludes that this technology will be of great import-
ance to the facilities located in water supply limited 
areas. 

CNG'S LIQUID CARBON DIOXIDE ACID GAS 
REMOVAL PROCESS EXPLAINED 

TABLE 1 

EVAPORATOR PILOT TEST AT 
SASOL 1-1981

(Selected Test Results)

Component Biotreat No Biotreat 
mg/i CF)50 0050 

Dis- Dis-
Feed tiliate Feed tillate 

N 15 <1 12 <1 
IC 15 <1 1 <1 
Ca 6 <1 4 <1 
Mg 4 <1 3 <1 
Cl 18 1 10 1 
504 14 <1 18 <1 
NO3 11 <1 13 <1 
F 22 1 23 1 
CO3 0 <1 0 <1 
HCO3 452 K' 355 1 
Silica 14 <1 16 <1 
Fe 4 (1 6 (1 
Voltile Acids 22 3 585 50 
Phenol 23 3 187 50 
Ammonia 241 90 232 200 
TOC 163 <10 866 90 
TIC 132 <10 22 <10 
pH 6.9 9.7 7.3 10.1

TABLE 2 

EVAPORATOR PILOT TESTS AT 
SASOL 1-1981
(conclusions) 

• Brine concentrator process unaffected by organics 
and ammonia in feed. 

• Ammonia in distillate in free-basic form; easily 
stripped out. 

• Stripped distillate from biotreated feed useable as 
makeup to low and medium pressure boilers. 

• Stripped distillate from unbiotreated feed useable in 
boilers with minimum additional treatment (acti-
vated carbon, activated alumina, WAC, or some 
combination). 

• In a sense, the role of biotreatment is as a concen-
trate conditioner. 

• A zero liquid discharge water system for a Lurgi-
type coal conversion plant may be assembled using 
state-of-the-art technology. 

Sasol started up the evaporator systems in 1983 at their 
two facilities and are currently reviewing the data. 
The successful use of vapor recompression technology 
has been demonstrated at the Sasol facility, as well as

The Consolidated Natural Gas (CNG) acid gas removal 
process was presented in a paper given at the 11th 
Energy Technology conference in Washington, D.C. in 
March 1984. The paper, authored by Liv and Brown of 
the Helipump Corporation, outlined the current techno-
logy for acid gas removal, the problems with coal gas 
composition, and how the CNG process may be an 
efficient method in handling sulfur removal in coal 
gasification. 

Liv opens the paper with a discussion of acid gas and 
current commercial technologies. Current processes 
were designed with the petroleum refining and natural 
gas industries in mind. The gas streams treated have 
low acid gas content, are free from trace contaminants, 
and have more hydrogen sulfide than carbon dioxide. 
The composition rarely varies, allowing for consistent 
operation. Coal gas, on the other hand, widely varies in 
composition and contains such trace contaminants as 
mercury, phenol, benzene, and thiocyanates. The con-
taminants can cause serious purification problems in 
gas regeneration. Table 1 compares typical composi-
tions of two coal gases and refinery sour gas. 

TABLE 1 

TYPICAL COMPOSITIONS, DRY GAS 
TO ACID GAS REMOVAL

(Mal Percent) 

uenched Raw Gas Refinery 
Lunri	 K-T Sour Gas 

Hydrogen 37.6 32.74 - 
Oxygen 0.6 - - 
Carbon Monoxide 16.7 57.35 - 
Methane 9.1 - 8.4 
Ethane 0.7 - 5.2 
Propane - - 4.6 
Iso-Butane - - 2.5 
Normal Butane - - 7.5 
Normal Pentane - - 3.4 
Hexane

.
- - 1.0 

Naphthalene 0.7 - $	 - 
NitrogenArgon 0.6 1.16 - 
Ammonia 0.2 - - 
Hydrogen Cyanide 2.7 - - 
Carbonyl Sulfide - 0.114 - 
Hydrogen Sulfide 1.1 1.59 62.5 
Carbon Dioxide 30.0 7.05 4.9 

Total 100.0 100.0 100.0 

CO 2/H2 S 27.3 4.43 0.08 
Temperature (°F) 850 2,700 122 
Pressure (psia) 300 15 22
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FIGURE 1
SIMPLIFIED FLOW DIAGRAM

CNG ACID GAS REMOVAL PROCESS 
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FIGURE 2 
DISTRIBUTION OF TRACE CONTAMINANTS 

IN CNG PROCESS PRODUCT STREAMS 
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The current technologies, as described in the paper, are 
either cttemisorb (amine unit) or physical absorption 
(Selexol, Rectisol). Trace contaminants hurt their 
operation. Modification of current processes to handle 
coal gas are expensive due to increased capital costs 
and operating expenses. 

The CNG process uses liquid carbon dioxide as absor-
bent for sulfurous compounds. The carbon dioxide is 
purified or regenerated by triple point crystallization. 
Figure 1 shows the simplified flow diagram. Concen-
trated acid gas is produced, to be processed down-
stream. Figure 2 shows the distribution of trace con-
taminants in the product gases. Experimental work has 
been done with a single stage pilot unit. A continuous 
Pilot unit is being planned for 1985. 

The paper • describes how each contaminant separates 
into the streams shown in Figure 2. The vapor-liquid-
solid equilibria of several key contaminants, such as 
benzene, is discussed in further detail. The authors 
summarize the presentation by stating the effective-
ness of using pure liquid carbon dioxide and that triple

point crystallization is an effective means of separating 
the absorbent and the hydrogen sulfide and other con-
taminants. The United States Department of Energy 
was acknowledged for co-sponsoring the research. 

4! ### 

CARBON MONOXIDE EXPOSURES EVALUATED 
DURING STARTUP OF CAN DO GASIFIER 

The Community Area New Development Organization 
(CAN Do) Anthracite Coal Gasification Plant was 
developed by CAN DO Incorporated, a division of the 
Hazleton, Pennsylvania Chamber of Commerce. The 
project was developed with assistance and support by 
the United States Department of Energy (DOE) and the 
Economic Development Agency. 

The plant, utilizing Wellman Galusha low BTU gasifica-
tion technology, was designed to convert local anthra-
cite coal into fuel gas for me by industries at the 
nearby Humboldt Industrial Park. 

A report providing a summary of the industrial hygiene 
evaluation during startup at CAN DO has been pub-
lished by Oak Ridge National Laboratory, ORNL/ 
TM-8926. 

The plant houses two parallel gas production and clean-
up trains, each consisting of a Wellman Galusha 10 foot 
diameter, 24 ton per day, low BTU gas producer; a 
cyclone; waste heat boiler; primary and secondary gas 
scrubbers; a condenser; and a turbo-compressor. All 
gas production and cleanup equipment, other related 
operations, and the plant maintenance shop and office 
are housed in a single enclosed brick and steel struc-
ture. 

An atmospheric monitoring system for carbon monoxide 
is located in the plant with six remote sensing units 
located throughout the plant. The sensors are designed 
to alert the control panel when they sense 50 or 
100 ppm carbon monoxide, and indicate whether the 
level is 50 or 100 ppm. 

The primary components of the producer gas are: 
carbon monoxide (CO), hydrogen (1712), nitrogen (N2), 
carbon dioxide (CO2), methane (CH4), hydrogen sulfide 
(H25), oxygen (02), and ammonia (N H3). Of these 
components some are simple asphyxiants (N2, CO2, and 
CH4), some are chemical asphyxiants (CO and H2S), and 
the other are simply irritants (NH3) or have no signifi-
cant toxic health effect (02). The relative concentra-
tion of each in the producer gas indicates that CO 
presents the most significant acute exposure concern. 
The content of CO in the producer gas is such that the 
OSHA permissible exposure limit (PEL) and IDLH expo-
sure levels would be exceeded well in advance of those 
values for the other components. 

Gaseous emissions were observed during the startup of 
the CAN DO plant at the following points: 

• Around poke hole covers on the top of the gas 
producer vessels 

• Through open poke holes during fire tests and 
freeboard tests 
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• Through the coal storage bins and valves 

• At flanges where the off take lines leave the gas 
producer vessels 

• Around the valve packings on the gas lines 

• At the oil seal on the No. 2 turbo compressor 

• Through cracks and openings in tanks in the 
waste heat boiler. 

Emission of gases through the rope gaskets on the 
off take line flanges occurred during the startup of both 
gas producers. The leaks at the flanges were drastical-
ly reduced when the gaskets were changed from woven 
rope to a solid gasket, and the offtake lines were 
reinstalled and leak tested. 

The poke holes were found to be a major source of 
gaseous emissions around the top of the gas producer 
vessels. Leakage routinely occurred around the poke 
hole covers from the internal gas pressure. The carbon 
monoxide level around the top of the producers con-
tinued to range from S to 15 ppm, even after the 
off take flanges were repaired. Emissions from the 
pokeholes during fire tests and freeboard tests were 
found to be much more significant than the routine 
leakage from poke hole covers. The carbon monoxide 
level at the operators' level on top of the gas producer 
vessels rose from the routine level of S to 15 ppm 
upward to 350 to 500 ppm during fire and freeboard 
tests. 

The emission of gas through the coal storage bins 
occurred continuously through the valves between the 
coal bins and the gas producer vessels. Also, significant 
volumes of trapped gas escape when valves are rotated 
to allow coal to enter the feed tubes. A method to stop 
the leakage was never obtained. 

Emissions from the coal bins continued during all 
phases, but appeared to have very little effect on the 
air quality outside of the coal storage level. 

Emissions of gas from the scrubber water tanks were a 
major problem. It was determined that the model of 
scrubber installed was not properly designed to isolate 
the now of gas and water. The remedy employed an 
explosion proof exhaust fan and ducting to draft air 
through the scrubber tanks and maintain a negative 
pressure on the tanks. 

The majority of the leaks or emission points In the gas 
compression and transmission lines were immediately 
eliminated or reduced substantially by manual adjust-
ment of the valves or flange bolts. In general, the 
carbon monoxide concentrations in the areas around 
these emission points were relatively high directly at 
the source of the leak. Most of these sources were so 
small though, that a measurement of carbon monoxide 
could hardly be made beyond one foot from the source. 

One other situation created a short-term high emission 
condition and a safety hazard. After placing the 
producer on standby, with the building closed tightly 
and the roof exhausters running, a saturation plate was 
opened. This caused a negative flow of air down 
through the stack and a flow of potentially hazardous

gas into the plant. It also created a potential explosion 
hazard within the producer. 

The exposure conditions to carbon monoxide and the 
other gaseous components were different during each of 
the four phases of plant startup. Each phase involved 
leaks in different sections of the process, but for the 
most part these points of emission only created local-
ized high exposure conditions. Beyond 10 feet from the 
emission points the gas concentrations dropped off to 
the relatively low plant backgrdund levels. Personnel 
were instructed to stay away from the identified emis-
sion points. 

Most leaks, except those from the offtake flanges, the 
coal storage bins, and the poke holes, were remedied 
immediately during the startup program. Where per- 
sonnel were required to enter high exposure areas to 
repair leaks, they were provided respiratory protection 
and continually monitored using a direct reading carbon 
monoxide instrument. These exposures were considered 
fairly insignificant because of the protected status of 
the workers and the short duration of the repair work 
performed. 

The emissions from the poke holes and off take flanges 
Impacted worker exposures during startup far more 
than any other sources. This is because of requirements 
that workers spend significant amounts of time at the 
tops of the producer vessels during startup. The 
pressure and temperature measurements and adjust-
ments were made manually in this area rather than 
automatically from the control room. Also, lengthy 
repairs were made on equipment at the top of the 
producers. 

The study provides a number of recommendations for 
industrial hygiene and safety procedures which should 
prove valuable to anyone undertaking the installation of 
an industrial coal gasifier. improved instrumentation 
for carbon monoxide monitoring was seen as especially 
important. Other study conclusions included 

• Employee exposures during startup should be 
within acceptable criteria when suitable pre-
cautions are followed. 

• Exposures to gaseous helath hazards during row 
tine operation should be within acceptable cri-
teria as long as only one gas producer is oper-
ated. 

• The original carbon monoxide detection and 
alarm system was inadequate. 

• The most significant gaseous emission points 
are the coal storage bins and the poke holes. 

• The original ventilation system was inadequate. 

• Rope-type gasket materials are unsuitable. 

• The original scrubber system was inadequate. 

The authors also recommend the installation of steam 
sealed poke holes and covers. 
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INTERIOR WILL IMPLEMENT MOST COAL LEASING 
COMMITTEE RECOMMENDATIONS 

On March 19, 1984 Secretary of the Interior William 
Clark sent to Congress recommendations for a 'com-
prehensive framework" for conducting future lease 
sales of federal coal. The Department's recommenda-
tions incorporate most of the recommendations of the 
Linowes Commission on Fair Market Policy for Federal 
Coal Leasing. These recommendations were sum-
marized in previous issues of the Pace Synthetic Fuels 
Report on page 4-65 of the December 1983 issue and 
page 4-24 of the March 1984 issue. 

The lengthly Interior report entitled Review of Federal 
Coal Leasing includes a discussion of each of the 36 
recommendations of the Linowes Commission and con-
tains a response to each recommendation. The recom-
mendations and responses are very briefly summarized 
as follows: 

Recommendation 

ffl-i: Establish and an-
nounce a leasing schedule, 
but include flexibility 
ffl-2: The States should 
play a significant role 
in leasing decisions 
111-3: Neither withhold 
nor flood the market 
ffl-4: Provide adequate 
diversity in quantity 
and quality of leases 
111-5: Ensure that the 
government receives a 
fair return 
ifi-fi: Review PRLAs 
rapidly 
P1-1: Select tracts to 
enhance attainment of 
fair market value 

IV-2: Sponsor more 
drilling and encourage 
cooperative drilling 

P1-3: Utilize co-oper-
ative leasing to obtain 
more attractive logi-
cal mining units 
IV-4: Exchange federal 
and non-federal tracts

Interior's Response 

Fully agrees 

Will continue to sup-
port state representa-
tion 
Concurs 

Concurs 

Agrees 

Agrees (a schedule is 
included in the report) 

Agrees (procedures for 
assessing alternative 
configurations will be 
released by June 15, 
1984) 

Concurs (concerned 
that forced sharing of 
results may discourage 
exploration) 

Favors and has pre-
viously attempted 

Has been pursuing

RESOURCE 

Recommendation 

V-i: Distinguish be-
tween new production 
tracts and maintenance 
and by-pass tracts 
V-2: Continue to rely 
on bonus bids 
V-3: Use intertract 
bidding when appropriate 

V-4: Experiment with 
various auction techni-
ques
V-5:Establish minimum 
bids on a regional basis 

V-6: Negotiate a fair 
price if leases cannot 
be sold competitively 
V-7: Utilize bids re-
ceived at a sale for 
appraisal of other bids 

V-8: Ensure the security 
of confidential data 
V1-1: Improve ap-
praisal model, input 
data, and analysis 

VI-2: Do not use small 
business adjustment to 
compute tract appraisal 
value

VI-3: Incorporate ap-
propriate adjustment 
factors 

V1-4: Value of captive 
tracts should be evalu-
ated differently 

VI-5: Require lessees 
to report details of 
federal lease assign-
ments 

V1-6: Require industry 
to provide terms of pri-
vate coal transactions

Interior's Response 

Agrees (changes to be 
adopted by August 31, 
1984) 

Concurs 

Agrees (draft guide- 
lines to be published 
by June 15, 1984) 
Will consider 

Tentatively concurs, 
but will solicit public 
comment (believes 
bids should be based 
on tons) 
Agrees in principle 
and will publish con-
cepts by June 15, 1984 

Will continue to use 
(proposed appraisal 
procedure will be pub-
lished by September 1, 
1984) 
Concurs 

Evaluation of model 
and data will be com-
pleted by December 
30, 1984 

Adjustment has been 
eliminated 

Agrees (see response 
to Recommendation 
VI-1) 

Concurs with issues, 
but unsure of metho-
dology (draftappraisal 
methods will be pub-
lished by September 1, 
1984) 

Reporting is required, 
butdata guidelines 
will be published by 
June 15, 1984 
Disagrees, but will 
continue to seek vol-
untary contributions 
of information 
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Recommendation Interior's Response Recommendation	 Interior's Response 

VI-7: Expand in-house Plan	 to	 increase	 the Commission Judgment:	 Supports	 amendment 
capabilities and utilize number	 of	 personnel Railroads and their affi-	 of	 Section	 2(C)	 of 
outside appraisers will be developed by hates should be allowed	 MLLA 

June 30, 1984 to lease federal coal— 

VU-It Diligent devel- Agrees repeal of Section 2(C) 
oprnent requirements for 
post-1976 leases should 
have 10 year extension 
provision

To assist in implementing the proposed program, the 
VII-2. Lessees of pre- Agrees Department of the Interior has established a centra-
1976 should pay advance lized coordinating group for policy and analytic guid-
royalties at the time ance.	 A detailed list of 68 action items necessary to 
of lease readjustment implement the proposals has been prepared. By Decem-
VH-3: Congress should Will hold examination ber 31, 1984 Interior expects to have a decision-making 

re-examine payments for of procedures in abey- process in place that will allow it to responsibly deter- 

surface owner consent ance	 until	 Congress mine whether specific proposed sales will be held, the 

acts amount of tonnage involved, and which tracts will be 
offered.	 (Editor's Note: The implication is that no 

V11-4: Allow federal Agrees competitive coal lease sales will be conducted until 
royalty rates to be re- 1985. Secretary Clark has confirmed this postponement 
dueed prior to a sale of the leasing schedule.) 
VII-5: Federal royalty Legal position Is that 
payments should be ad- royalty	 should	 be 
justed for local taxes based on gross value; 

the issue must be re- FINAL SAN JUAN RIVER REGIONAL COAL EIS solved by Congress ISSUED 
VU-B: Assess whether No Position 
coal shippers are ade- The Final Environmental Impact Statement (EIS) for the 
quetely protected from San Juan River federal coal region was released by the 
lack of competition Bureau of Land Management (BLM) in March 1984. The 

EIS analyzes four alternative levels of competitive coal 
Commission Judgment: Agrees leasing and two options of issuing 26 Preference Right 
Section 3 of the FCLAP Lease Applications (PRLAs). 	 These alternatives were 
should be repealed explained in the draft EIS which was summarized on 

page 4-70 of the December 1983 Pace Synthetic Fuels 
Commission Judgment: No position ReDort. 
Slurry pipelines 
should be given eminent The preferred alternative for competitive leasing is the 
domain "Minimum Surface Owner Conflicts Alternative" which 

consists of leasing 11 tracts that contain 916 million 
VIE[-I: Tract delineation Concurs	 (will	 com- tons of federal coal (349 million tons of recoverable 
team should include an plete	 by	 June	 30, federal coal).	 Approximately 6.2 billion tons of in-
economic analysis capa- 1984) place coal reserves would be available under this alter-
bility native, but BLM expects that considerably less would be 

Vm-2: Develop regional Washington	 office	 is
developed. 

centralized coordinating operational;	 organiza- Issuing all	 26 PRLAs is the	 alternative selected by groups tionof regional teams BLM.	 Approximately 2.3 billion tons of federal coal is 
will begin August 31, estimated to be contained in the PRLAs. 	 Under this 1984 alternative, approximately 5.3 billion tons of in-place 

Vffl-3: Develop and vali- Concurs (see response coal reserves would be available, but not necessarily 
date a uniform appraisal to	 Recommendation developed. 
method VI-l) 

Vm-4: Appraisal panels Agrees,	 and	 has
The competitive lease sale, originally scheduled for Fall 

should include knowledg- started to implement 1984, has been postponed to assess the status of Wilder-

able people ness Study Areas in the region.	 This study by ELM is 
expected to be completed by the end of 1984. 	 How- 

VII-5: Inspector General Agrees ever, BLM is continuing to process all PRLAs in the 
should audit the federal region.	 Regulations	 require that	 processing	 of	 all 
coal leasing program PRLAs be completed by December 1984.
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STATUS OF COAL PROJECTS 
(Underline denotes changes since March 1984) 

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 on about 484 acres in Scrubgrass Township in western 
Pennsylvania. GIlT gasification, ICI methanol synthesis, and Mobil methanol-to-gasoline processes will 
convert 6,250 tons per day of high sulfur coal to gasoline, LPG, and iso-butane. 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. The project was modified slightly and submitted to 
the SFC as the Scrubgrass project under the competitive solicitation for eastern bituminous coal projects. 
See Scrubgrass Project. 

Project Cost:	 $900 million (1983) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States 
Department of Energy (DOE) (C-15) 

EPRI assumed responsibility for the 6 torts per thy Wilsonville, Alabama pilot plant in 1974. This project had 
been initiated by Southern Company and the Edison Electric Institute in 1912. 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 and operation of a product hydrotreating reactor that has allowed the plant to produce a No. 6 oil 
equivalent liquid fuel product as well as a very high distillate product yield. 

More recently, the Wilsonville Pilot Plant has been used to test the Integrated Two- Stage Liquefaction (ITSL) 
process. In the two stage approach, coal is first dissolved under heat and pressureinto 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 combtlon turbines and boilers. Tests have shown 
that high yields of .distillable liquids (55 to 60 percent of MAP coal) can be obtained with a low level of 
catalyst replacement. 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 AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-i?) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its 
Modderfontein works new Johannesburg. The plant uses 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 ICEs low pressure process, has been 
running since 1976. The plant is operating very satisfactorily at full capacity. 

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. 

AECI has also pursued development programs to promote methanol's 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 
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AECI has also been operating pilot plant facilities to convert methanol to hydrocarbons since 1982. 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. Design of a commercial scale plant is now in progress, based on information from the 
pilot plant. 

Project Cost:	 Not disclosed 

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 new the small town 
of Boligee. The project proposes the use of indirect liquefaction technology to produce gasoline (1<3W 
gasification, ICI 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. Feedstock would be 
5,600 tons per day coal from the Warrior coal field in Alabama. 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:	 $2 billion (1983 dollars) 

ARKANSAS LIGNITE CONVERSION PROJECT - Dow Chemical Company, Electee, Inc. (subsidiary of Middle South 
Utilities), and International Paper Company (C-25) 

International Paper Company (IP) and Dow Chemical Company (Dow) joined Middle South Utilities (MSU) 
October 25, 1983 in asking the United States Synthetic Fuels Corporation (SFC) for financial assistance in a 
project to convert Arkansas lignite to synthetic medium-BTU gas (MBG). The proposal by Arkansas Power & 
Light Company (AP&L) for MSU was in response to SFC's competitive solicitation for Gulf Province lignite 
gasification projects. AP&L submitted the Qualification Proposal for £450 and was the only respondent to 
the solicitation. MSU was deemed a qualified bidder for the $1.6 billion in loan guarantee and price supports 
SFC set aside in the solicitation for development of synthetic fuels dervied from Gulf Province lignite. 

The Arkansas Lignite Conversion Project (ALCP) is composed of three major elements: a lignite gasification 
plant producing synthetic medium BTU (MBG) gas; the medium BTU gas pipeline;.and combined cycle 
cogeneration (C 3) installations. 

Lignite is converted at the mine into clean, cost-effectively transportable MBG by the gasification system. 
The gasification technology has been developed by Dow. The gasification plant will produce approximately 
66.2 billion BTU per thy of MBG with a minimum of 230 BTU per cubic foot higher heating value. Dow 
initially developed this technology for their own use and has acquired lignite reserves in Texas and Louisiana 
as a future energy source for these manufacturing facilities. Dow has also invested in new combined cycle 
cogeneration units at their Louisiana and Texas operations. 

The ALCP lignite supply is the Sparta Mine owned by the Shell Oil Company and GCO Minerals Partnership 
(GCO Minerals is a subsidiary of International Paper). The mine, located near Hampton, Arkansas, contains 
approximately three times the lignite required by the ALCP gasification plant. The gasification plant will be 
located adjacent to the Sparta Mine. The gasifier is targeted to begin operation in January 1990. 

The MBG produced by the gasification installation will be pipelined to C 3 plant(s) located adjacent to IP 
paper mill(s). The C plants convert the MEG into process steam and electricity. The candidate mills 
presently cogenerate using conventional direct-fired, steam topping cogeneration systems. The C 3 plants will 
be configured so they will replace the existing natural gas and future coal-tired boilers which produce steam 
made from fuels (natural gas and oil) imported by the mill. (Steam from the C3 plants will not displace steam 
produced by waste bark, wood and black liquor.) This approach permits the mill(s) to continue operating the 
in-mill cogeneration facilities. These in-mill cogeneration plants do not supply all the mill's electrical needs; 
some electricity is purchased from AP&L. The mill(s) will have the option of continuing to purchase from 
AP&L or obtaining this quantity from ALCP. The C 3 plant(s) have the capability of producing various 
quantities of process steam and electricity while consuming all the MBG produced by the gasifier installation. 

The gasifier, a pipeline system, and cogeneration facility at two locations would cost an estimated 
$1.14 billion. The partnership was seeking loan guarantees from the SFC amounting to approximately 
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71 percent of the estimated $975 million construction cost of the gasifier and pipelines as well as price 
supports to make the medium BTU gas competitive in the early years of the gasifier's operation. (The 
cogeneration facilities, estimated to cost $164 million, would be financed independently.) Middle South will 
own 50 percent of the gasifier, pipelines, and cogeneration facilities; International Paper will own 25 percent, 
Dow Chemical, 12.5 percent, and the remainder is unassigned. 

On December 1, 1983, the SFC dropped the project from consideration under the competitive solicitation 
because the project was not sufficiently mature to determine needed financial assistance. Following the 
ADril 5. 1984 Board meeting of the SFC. the nroieet cnoasnn Are ,,nrleride,1 whpthrr they will retcnhmit the 

Project Cost:	 $975 million for the gasifier and pipelines 
$164 million for the cogeneration plants 

AUSTRALIAN SRC PROJECT - CSR Ltd. and Mitsui Coal Development Pty, Ltd. (C-30) 

Mitsui SRC and CSR Ltd., have been conducting a joint coal conversion study for a commercial SRC plant 
located in the Latrobe Valley of Victoria. The preliminary evaluation phase of the study was completed in 
March 1982. Testing of the coal in Mitsui's 15 tons per thy (raw brown coal) SRC pilot plant in Japan was 
commenced in 1980, prior to the 1981 agreement with CSR.. Studies during the remainder of 1982 were 
designed to concentrate on marketing investigations, refinement of technology In Japan, and some coal field 
studies in the Latrobe Valley. 

The 6,000 tons per thy plant would produce 800,000 tons per year solvent refined coal (SRC) and 300,000 tons 
per year liquid products. Construction was originally scheduled to begin in 1984/1985, but this schedule has 
had major slippage. One factor in this slowdown has been from suspension of the Morgantown, West Virginia 
SRC-ll facility. 

Project Cost:	 $A1.5 billion (1981 dollars) 

BEACH-WIBAUX PROJECT - (See Tenneco SNG from Coal Project) 

BEACON PROCESS - Standard Oil Company of Ohio and TRW, Inc. (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 toSNG and electricity. A 
modeling study of fixed and fluid-bed reactors for the process has been completed. A cooperative agreement 
provided 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 was deferred due to the 
lack of related development of pressurized air-blown gasifiers and uncertainties about the market price for 
SNG. 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 extended the period of performance to May 31, 1983. 

In September 1983, DOE issued a contract to TRW to test the "reverse" Beacon process in which natural gas 
will be converted to carbon monoxide and hydrogen. 

Project Cost:	 Over $10 million to date. 

81-GAS PROJECT - Stearns-Roger, Inc. and United States Department of Energy (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 
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 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, was designed to produce 3.4 million standard 
cubic feet per day of SNG. Efforts were initially directed toward collection of operating data and the 
improvement of operability on both subbituminoun and bituminous coals. Slag tapping problems were solved 
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for Rosebud coal. Progress has been made in solving important problems in control and monitoring of coal 
and char feeds and in measurement of Stage! temperatures. The feeding of supplemental fuel gas into Stage 
I as a safety precaution has been discontinued. The plant has had continuous runs of 170, 120 and 100 hours 
on Rosebud coal with all systems operating satisfactorily and reliably. 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 was inactive until May or June 1983 when testing of Illinois 
No. 8 coal commenced. The testing was complete in August 1983. 
The project is inactive. The plant is mothballed, and Stearns Roger is only providing security until June 1984 

Pilot Plant cost: $79 million. 
Testing Costs: Not Available. 

BOTFROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG and VEBA Oel AG (C-65) 

Basic engineering was performed by Ruhrkohle and VEBA Gel during 1978-1979 and detailed engineering was 
completed in 1980. Construction of the 200 tons per day catalytic liquefaction pilot plant began on May 21, 
1979 with physical completion in 1981. On November 25, 1981 the first coal was processed. 
The Bottrop site was selected because of its proximity to Ruhrkohle's coking plant which provides a means of 
disposing of purge gas, and waste water. The hydrogenation residues are gasified in the Ruhrkohle/Ruhr-
chemie gasification plant at Oberhausen-Holten. Hydrogen for the pilot plant is provided by a hydrogen 
pipeline near the plant. 
By mid-February 1984 the coal oil pilot plant had operated with coal for about !,°° hours. Two long-term 
test runs lasted more than 5,000 hours. Total coal throughput was about,000 tons. During operation of the 
pilot plant the process improvements and equipment components have been tested. The Bottrop project also 
involves an analytical testing program, as well as the upgrading of the coal-derived syncrude to marketable 
products such as gasoline, diesel fuel, and light heating oil. The project is subsidized by the West German 
State of North-Rhine WestDhalia. 

Project Cost:	 $160 million (U.S. - 1983 dollars) 

BROKEN HILL PROJECT - Broken Hill Proprietary Company (C-75) 
Broken Hill Proprietary has been experimenting with two stage continuous flow hydrogenation for six years at 
their Melbourne Research Laboratories in Clayton, Victoria. In the initial selection of processes, 
consideration was given to those that would produce good quality gasoline. However, the program has not 
been modified to put more emphasis on automotive diesel and aviation fuels. Production of specification-
grade jet fuels and automotive distillates is proving to be a more difficult problem than production of high 
quality gasolines. 

Project Cost:	 Not disclosed 

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 in Hazie Township, Pennsylvania that produces low BTU gas from anthracite. Under the 
third solicitation, CAN-DO requested financial assistance from the United States Synthetic Fuels Corpora-
tion (SFC) 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 stopped support on April 30, 1983. The plant 
is currently shut down, but new contracts are being actively sought. 

Project Cost:	 $5.5 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Co. (C-90) 
In April 1977, Caterpillar announced, plans to construct two, two-stage coal gasifiers at its York, 
Pennsylvania plant to fuel heat treating furnaces. Gas with a heating value equivalent to about 2.2 million 
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standard cubic feet per day of natural gas could be produced. The plant is a two-stage, low-pressure system 
complete with gas cleanup. Plant construction began in September 1977. Construction of a gasifier for the 
East Peoria, Illinois, plant has been deferred indefinitely although the York installation is successful. Plant 
was completed June 1979, with start-up for debugging in September 1979. Due to an eleven-week strike in 
the last quarter of 1979 and some minor equipment changes that had to be made, debugging was not resumed 
until May 1980. Tests have been run on existing radiant tubes using producer gas with no adverse effect. The 
system operated from February 1981, until the July vacation shut-down. After vacation, the system was 
started up but later shut down in September 1982 due to reduced production schedules. Start-up date is not 
firm; depends on the price of natural gas and Caterpillar's production schedules. 

Project Cat:	 $5-10 million. 

CENTRAL ARKANSAS ENERGY PROJECT -Arkansas Power & Light Company (C-120) 

Arkansas Power & Light Company sponsored a coal gasification combined cycle (CGCC) project. Loan 
guarantees were requested from the United States Synthetic Fuels Corporation (SFC) under the first general 
solicitation, but the project was not selected for assistance. The original project was to gasify 7,100 tons per 
day of Illinois No. 6 coal to produce 120 billion BTU per day of medium-BTU gas from a Texaco gasifier. 
The project was restructured as the Arkansas Lignite Conversion Project, and the sponsors reapplied to the 
SFC under the competitive solicitation for Gulf Province lignite projects. The company requested both price 
supports and loan guarantees from the SFC. (See Arkansas Lignite Conversion Project.) 

Project Cost:	 Undetermined 

CENTRAL MAINE POWER COMPANY SEARS ISLAND PROJECT - Central Maine Power Co., General Electric 
Co., Stone & Webster Engineering Corporation, and Texaco Inc. (C-130) 

A feasibility study for a commercial-scale coal gasification combined cycle power plant to be located on 
Sears 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 provided design of coal grinding and gasification using the Texaco Coal Gasification Process. GE 
provided the design of the combined cycle part of the plant, including turbines, electrical and steam systems. 
SWEC provided 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 I 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. 
Central Maine Power ComDanv has cancelled its oostnoned nlans to construct either e lnre mel-fired or noel 

Project Cost:	 $3,560,773 (DOE Contract). 

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, has constructed a multi-million dollar project to produce industrial 
chemicals from coal. Texaco's coal gasification process is used to produce the synthesis gas for manufacture 
of 500 million Pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced as 
intermediate chemicals and sulfur is recovered. Bechtel Petroleum Inc., did the process design, engineering, 
procurement, and construction management. Construction began late in 1980 in Kingsport, Tennessee. Start-
up began in 1983. Locally mined coal is used. Official plant opening was held in April 1984. 

Project Cost:	 Unavailable
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CHIRIQUI GRANDE PROJECT - Ebasco Services Inc., United States State Department (C-155) 

Ebasco is trying to fund a $10 million, 18-month feasibility study of its 4 million tons per year methanol from 
coal project. The project, to be located in Chirique Grande north of Panama City, Panama, would use either 
Texaco or British Gas/Lurgi slagging gasification and IC! methanol synthesis. Feedstock is 20,000 tons per 
day of imported high-sulfur Illinois coal. The methanol product is slated for Japanese markets for conversion 
to electricity. 
In 1982 Ebasco received a $0.5 million study grant from the United States State Department. DOE is 
providing $2.0 million, and an additional $7.5 million is being sought ($5 million from Japanese companies; 
$2.5 million from United States corporations). Depending on results of the study, Ebasco plans to begin 
construction 4.5 years after study completion. 

Project Cost:	 $10 million (study) 
$4.5 billion (project) 

CIRCLE WEST PROJECT - Meridian Land and Mineral Company (C-ho) 

Meridian (a wholly owned subsidiary of Burlington Northern) 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. 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 
day fertilizer grade liquid anhydrous ammonia, or 2,174 tons per day fuel-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 BN plant. Lignite would be used in synthetic fuels or 
fertilizer plant or for Basin Electric plant. 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 - Rockwell International (Energy Systems Group) and 
United States Department of Energy (C-ISO) 

The CS/R (Cities Service and Rockwell) process is based on flash hydropyrolrsis (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 FHP 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, CH 4 , C2ts, Cats, etc.). High seventies and long 
residence times favor production of all gaseous products, predominantly CH 4. 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 hydroliquef action and hydrogasification 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/R 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 hydrogasificatlon PDU at Rockwell's Santa Susana Field Laboratory 
near Canoga Park, California. Construction of the 1PDU 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. However, this program 
will involve utilizing the existing 1 ton per hour process development system and focus on a test program 
designed to thoroughly investigate recent process improvements proposed by Rockwell. The restructured 
program resumed in January 1983 and testing will be initiated in August 1984. 
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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/R 
Hydrogasification Process. In addition to synthetic natural gas, the plant was designed to produce 5,310 
barrels per thy 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.?. 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 CSIR hydropyrolysis reactor. Reactor testing covered a range of temperatures 
(1,0980 to 1,422°F) and residence times (67 to 211 ms) at a pressure of 1,000 psia. Carbon conversions as high 
as 70 percent were achieved with oil yields up to 19.0 gallons of raw liquid per ton of oil shale about above 
Fischer assay). Testing was followed by the performance of a conceptual process and economic study for a 
50,000 barrels per thy shale oil plant, using a selected operating point from the test data. The resulting 
20 year average cost of product oil was estimated at $35.20 per barrel in first quarter 1983 dollars (C.F. 
Braun guidelines, utility financing). 

Project Cost:	 $19.2 million (PDU Studies) 

COALPLEX PROJECT - AECI and Sentrachem (0-190) 

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 is fully independent of imported oil. 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 water-, brine electrolysis to make chlorine, 
hydrogen, and caustic; conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl chloride 
polymerization to PVC. Of the five plants, the carbide and acetylene plants represent the main differences 
between coal-based and conventional PVC technology. 

Project Cost:	 Not disclosed 

COGA-1 PROJECT - Coal Gasification (C-195) 

The lead sponsor for the COGA-1 project is Coal Gasification of Des Plaines, Illinois. The project, to be 
located at one of two possible sites in southern Illinois, will produce anhydrous ammonia from coal. 
Construction of the proposed plant is scheduled to begin in late 1984 or early 1985 with completion in 1987. 
Approximately 1.1 million tons of ammonia will be produced per year (3,200 tons per stream day) from 
synthesis gas produced from a Texaco gasifier. Approximately 1.6 million tons per year of Illinois No. S 
bituminous coal will be provided from a nearby mine. Marketable by-products include carbon dioxide and 
210,000 tons per year of sulfuric acid. Ash from the gasifier will be used to back-fill the coal mine and 
aqueous wastes will be disposed of via deep well injection. Major equipment suppliers and subcontractors 
have not yet been selected. 

The sponsors submitted a qualification proposal to the SFC under the competitive solicitation for projects 
utilizing bituminous coal from the Eastern Province or eastern region of the Interior Province. On January 5, 
1984 the SFC announced that the proposal was a qualified bidder under the solicitation. However, the 

Project Cost:	 Not disclosed 

CONVENT, LA., PROJECT - (see Medium BTU Gasification Project.) 

COOL WATER COAL GASIFICATION PROJECT - Participants: Bechtel Corporation, Electric Power Research 
Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, 
and Texaco Inc.; Contributors: Empire State Electric Energy Research Corporation (EERCO) and Sohio Alternate 
Energy Development Company (C-220) 

Sponsors are building a 1,000 tons coal per day commercial-scale plant using oxygen-blown Texaco Coal 
Gasification Process. The gasification system will be integrated with a new combined cycle unit to produce 
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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. As of the end of April 1984, engineering of the _original facility was 

Several other coal feedstocks will also be tested, including Illinois No. 6. Once the demonstration program is 
completed in October 1989, SoCal Edison plans to undertake commercial operation of the facility if the 
economies are favorable and permits for continue operations are received. 
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 (EPHJ) 
executed an agreement to participate In the Project in February 1980 and their current commitment is $100 
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 III! Coal Gasification Project Corp. signed a participation agreement On 
February 24 1982 to commit $30 million to the Project. FSEERCO and Sohio Alternate Energy Development 
Company are non-equity contributors to the project, having signed contributor agreements on January 20, 
1982,and April 10. 1984, respectively committing $5 million each to the Project. A $24 million project loan 
with a $8 million in-kind contribution by SCE of facilities at 3tE's existing generating station in Daggett, 
California completes the $300 million funding. A supply agreement was executed with Aires, Inc. on 
February 24, 1984 for Aires to provide "over-the-fence" oxygen and nitrogen from anew on-site facility, thus 
reducing capital requirements of the Project. 
The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a 
price guarantee in response to the SPC's first solicitation for proposals. 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 elsewher& test (the SFC believed sufficient private funding was available 
without government assistance). However, the sponsors reapplied for a price support under the SEC's second 
solicitation which ended June 1, 1982. On September 17, 1982, the SEC announced that the project had 
passed the six-point project strength test and had been advanced into Phase II negotiations for financial 
assistance. On April 13, 1983 the sponsors received a letter of intent from the SEC to provide a maximum of 
$120 million in price supports for the project. On July 28, 1983 the Board of Directors of the SEC voted to 
approve the final contract awarding the price guarantees to the project. Other organizations are being 
sought to join in the effort to reduce the funding by EPRI and the Project loan. 
The gasifier was started un on May 7. 1984. Since that time, efforts have been directed at commissionin g the 

Project Cost:	 $300 million 

CROW INDIAN COAL-TO-GASOLINE PROJECT - Crow Indian Tribe, Trans World Resources (C-230) 

The Crow Indians were awarded $2.7 million by the DOE to study the feasibility of building a major 
commercial coal gasification facility on their reservation new Billings, 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 day. Two mining areas on the reservation 
containing more than one billion tons of surface-mineable coal are potential supply sources for the project. 
Feedstock would be 12,000 tons per day sub-bituminous coal. 
The DOE-funded feasibility study released in Fall 1982 recommended the project be suspended due to the 
energy market outlook and financing problems. Gas produced at the plant would cost $6 to $7 per million 
BTU excluding pipeline charges. In addition, the plant would require more than $3.6 billion to complete, 
thereby exceeding the SFCs $3 billion limit.
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Project Cost:	 See above 

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 south-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 and operated a 200 pound per 
day mini-plant. 

Project Cost:	 Undetermined 

DOW GASIFICATION PROCESS DEVELOPMENT —The Dow Chemical Company (0-242) 
Dow has developed a coal gasification process primarily for the gasification of lignite, western, and other 
low-rank coals. This development originated in a 12 tons per day air-blown pilot plant. In 1983 the pilot 
plant was modified to a 36 tons per day oxygen-blown unit and an 800 tons per day air-blown prototype plant 
was completed and started up. The prototype unit will be modified to a 1,600 tons per day oxygen-blown 
configuration in early 1984. The process incorporates a Dow-developed entrained flow, slagging, slurry fed 
gasifier with a unique heat recovery technique for high efficiency on low-rank coal. Also utilized is a newly 
developed, continuous-slag removal system. High temperature heat from the reactor off gas is recovered as 
high pressure superheated steam. A particulate removal system is also incorporated as a basic part of the 
process. The particulate-free raw syngas is suitable for further processing by a wide variety of commercially 
available processes to provide medium-BTU gas. The medium-BTU gas may be used as fuel or further 
processed to provide chemical synthesis gas, SNG, or liquid fuels. 

Project Cost: Unavailable 

DOW SYNGAS PROJECT - Dow Chemical Company (C-245) 
The Dow Chemical Company proposed a project to produce medium-BTU gas from lignite and other lower 
rank coals using its own technology. The proposed plant, to be sited at DoWs chemical plant in Plaquemine, 
Louisiana, has a nameplate capacity of 30 billion BTU of synthetic gas per day. Feedstock will initially be 
western coal. Dow entrained-bed gasification, Dow Selectramine acid-gas removal, and Union Oil Selectox 
sulfur recovery will be used. In this application the Dow Gasification Process and the associated process 
units have been optimized for the production of synthetic gas for use as a combustion gas turbine fuel. The 
project requested price guarantees from the United States Synthetic Fuels Corporation under the third 
solicitation. During 1983 the project passed the SFC maturity, strength, and technical evaluations and 
entered Phase II negotiations for assistance. The Board of Directors of the SFC instructed their staff on 
February 16, 1984 to negotiate a letter of intent for $620 million in price guarantees for the project The 

Dow Engineering Company. Construction is slated to begin in late 1984 with plant operations to begin in 
early 1987. 

Project Cost:	 Unavailable
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DUNN NOKOTA METHANOL PROJECT —The Nokota Company (C-250) 
A proposed mine-mouth coal-to-methanol project based on Lurgi gasification technology that would produce 
approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock (naphtha) 
and 300 million standard cubic feet of pipeline-quality compressed carbon dioxide per day from 40,000 tons of 
lignite (Beulah-Zap bed). Normal electrical power requirements for the plant and the mine will be provided 
by in-plant generation (212 megawatts). A fines gasifier (Westinghouse) is being considered for up to one-
fourth of gasifier capacity. Existing product and natural gas pipelines and rail facilities are available to 
provide economical access to eastern markets for the projects output. Access to western markets for 
methanol through a dedicated pieline to Bellingham, Washington is also feasible. A DOE-funded feasibility 
study for the project was completed January 1983. Additional market studies will determine if methanol 
production will be reduced and gasoline or substitute natural gas coproduced. The Air Pollution Control 
Permit to Construct for this project was issued January 12, 1983; and on March 15, 1983 a Conditional Water 
Use Permit was granted for the project. The project sponsor has applied or is preparing to apply for other 
environmental and construction permits for the project. The Environmental Impact Statement for this 
project is being prepared by the Bureau of Reclamation and Is expected to be issued in 1984. The project's 
sponsor is considering whether to apply for SFC financial assistance. Commercial operation of the first half 
of this project (Phase!) Is scheduled to begin in 1989. The remainder of the project (Phase II) is scheduled to 
begin commercial production in 1991. 

Project Cost:	 $2.2 billion (Phase! and II) 
$0.4 billion (In-plant electrical generation) 
$0.2 billion (CO 2 compression) 
$ 60 million (Pipeline interconnection) 
$0.3 billion (mine) 

EDS PROCESS - Anaconda Minerals Company, ENI, Electric Power Research Institute, Exxon Company, USA, 
Japan Coal Liquefaction Development Co., Phillips Coal Company, Ruhrkohle A.G., and United States Department 
of Energy (C-290) 

Exxon Research and Engineering Company and DOE entered into a Cooperative Agreement in July 1977 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 was 
the operation of a 250 ton-per-day coal liquefaction pilot plant which started up in 1980 in Baytown, Texas. 
First 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 coat. 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 hrs. on coal 
Lignite coal May 1982-August 1982 1,843 hrs. on coal
The results of these tests indicate that the liquefaction section of a commercial-size plant could be designed, 
when commercially justified, for any of a broad range of coals. Development of the hybrid boiler which 
combusts liquefaction bottoms to provide steam and process heat from the EDS process has been completed. 
In a separate Bottoms Gasification program, EDS bottoms from Illinois No. 6 coal were gasified in the TYAs 
200 tons per day Texaco Gasification Process unit and EDS bottoms from Texas Lignite were gasified in the 
Ruhrkohle/Ruhrchemie 165 tons per day Texaco Gasification Process Unit at Oberhausen-Holten, West 
Germany. Evaluation of the data from these runs will be completed by mid-1984. A toxicoloy program will 
continue into 1985. The proportioning of costs has varied with drifferent parts of the program. Overall, 
costs have been proportioned among the sponsors as follows: DOE-47%, Exxon Co., USA-24%, EPRI-12%, 
JCLD-8%, Phillips-2%, Anaconda-2%, Ruhrkohle-2%, and ENI-2%. 

Project Cost	 $343.2 Million 

ENRECON COAL GASIFIER - Enrecon, Inc. (C-270) 
Enrecon was developing a fluidized bed, medium-BTU coal gasification process in Golden, Colorado. The 60 
tons per day 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 per 
standard cubic feet using either western sub-bituminous or eastern bituminous coals. 
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C.F. Braun & Co., a subsidiary of Santa Fe International, completed an evaluation of how the ENRECON 
process compares technologically and economically with other known processes for SNG production. Costs 
range from $4.10 per million BTU to $4.50 using a Pittsburgh No. 8 coal at $27 per 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, Pennysivania 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 designed 
to retain the operating cost advantages of the Enrecon System, while reducing capital costs per unit of 
production. 
Energy Conversion Technology, Ltd. (Encotec) has been formed to develop this new fluidized bed process for 
the thermal and catalytic production of oil and gas from tar sands, oil shale and coal. Encotec was a 
subsidiary of Sochi International, Ltd., a Nigerian-based company with diversified interests in the United 
States, which closed after the coup in Nigeria. 
The Encotec process can be used in conjunction with existing fixed-bed processes, because it can convert the 
fine materials produced by normal mining, crushing and grinding and which are not normally converted by 
these processes. Coal 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 process. As anexample of projected process 
performance, preliminary heat and material balances indicate that oil yield will be over 90 percent of Fischer 
Assay, and that thermal efficiency will be over 80 percent for Green River shale fines. 
Commercialization of this technology is planned in Nigeria for natural gas associated with oil production that 
is currently being flared through other contracts. 

Estimated Cost: $10 million over two years 

EXXON CATALYTIC GASIFICATION PROCESS DEVELOPMENT - Exxon Company, USA (C-280) 
The Catalytic Coal, Gasification (CCG) process is being developed by Exxon Research and Engineering 
Company. The development program includes operation of a 1 ton per day Process Development Unit (PDU) 
as well as bench-scale research and engineering support. The PDU was started up in 1979 on Illinois No. 6 
coal. A $16.8 million DOE contract awarded in September 1978 for process development was completed in 
March 1981. The Gas Research Insitute (GRI) was also a sponsor for this contract. A 100 tons per thy pilot 
plant planned for Rotterdam, Holland has been indefinitely postponed in view of current energy outlooks and 
to pursue several attractive process improvement opportunities. 
This process uses a potassium catalyst (K2CO3) which promotes both the steam-carbon gasification and 
mcthanation reactions when added to the feed coal. The production of methane is thermodynamically 
favored at low temperatures. Due to the promotion of the K2CO3 catalyst, the temperature is low enough 
(1,3000F) to yield a high CH4 concentration. Because the amount of carbon monoxide and hydrogen recycled 
back to the gasifier balances the amount of carbon monoxide and hydrogen leaving the gasifier, the net 
products of gasification are mainly CH4 and carbon dioxide, with lesser amounts of hydrogen sulfide and 
ammonia. Because methane is produced directly in the gasifier, there is no need for water gas shift and 
methanation rectors. 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. 

Project Cost:	 Not disclosed 

FIAT/ANSALDO PROJECT - Ansaldo, Fiat 'rIG, Westinghouse Electric Corporation (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, 
providing 140 MW, which will be one of two turbines in a 300 MW combined cycle plant. Various coal would 
be used as feedstock. Preliminary design work has been completed and is being evaluated by the project 
sponsors. 

Project Cost: not available
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FIRST COLONY PROJECT - (see Peat Methanol Associates Project.) 

FLASH PYROLYSIS OF COAL WITH REACTIVE AND NON-REACTIVE GASES - Brookhaven National Laboratory 
and United States Department of Energy (C-340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with 
reactive and non-reactive gases. The result of this task is to establish a reliable data base for the rapid 
pyrolysis of coal over a range of reaction conditions which will be useful for development of processes based 
on these techniques. The yields and distribution of products 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, N 2 and Ar chosen for their wide range of 
physical properties.The reactive gases include 112, CO, 1120 and CU4 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 and of a run to obtain a complete mass 
balance. The data is to be reduced, correlated, and applied to a kinetic model. The results indicate that 
thnnp jq p enrrnl p tinn of inerpasing h ydrocarbon yields with heat transfer film coefficient deoendina on the 

Project Cost: 	 $250,000 

GASIFICATION ENVIRONMENTAL STUDIES - University of North Dakota Energy Research Center (C-390) 
The University of North Dakota Energy Research Center (UNDERC) has onsite an oxygen-blown fixed-bed 
gasifier that is capable of operating on lignite. The slagging fixed-bed gasifier (SFBG) pilot plant provides a 
large-scale source of lignite-derived effluents for subsequent characterization and treatment studies. The 
ability to produce "representative samples" for treatment testing from lignite is critical, because lignite will 
be the feedstock for a number of the first-generation synfuels plants. 
The goals of work at UNDERC are to develop public environmental data of effluent characteristics needed to 
satisfy permitting and siting requirements, and proof of concept on advanced control technologies for fixed-
bed gasification of lignite. The principal area of uncertainty where research activities should be focused 
centers around the cooling tower. The most cost-effective 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 milligrams per liter of COD—after phenolics and other organics are 
reduced to low levels. 
The behavior of these previously uncharacterized species in a cooling tower with respect to drift, further 
biological activity, and associated fouling, and their effects on the solubility of dissolved solids is unknown. 
To establish the effect of various degrees of pretreatment, UNDERC has installed wastewater treatment 
process development units which simulate commercially available technology. During the first phase of the 
program, wastewater was processed by solvent extraction and ammonia stripping before being fed to a 
cooling tower to simulate the processes to be employed at the Great Plains plant. In the second phase, 
wastewater pretreatment will be enhanced by the inclusion of activated sludge processing, followed by 
granulated activated carbon adsorption, in addition to extraction and stripping, before feeding the cooling 
tower. Phase II testing is intended to demonstrate that aqueous gasifier effluent can be used successfully as 
makeup to a cooling tower, provided adequate pretreatment has been performed. 
Results from Phase I testing indicated that minimally treated gasifier wastewater used without corrosion 
inhibitor and biocide addition is not a suitable feed for a cooling tower operating at 10 cycles of 
concentration. After operating the tower at 10 cycles for 50 days, severe fouling was noted on heat 
exchanger surfaces. Corrosion rates of 10 to 15 rOY were noted for carbon steel, as well as severe pitting (4 
to 6 mils deep in the 50 day test). Results from exhaust sampling indicate a significant portion of the phenol 
and ammonia in the makeup water (91 and 81 percent, respectively) were stripped into the atmosphere. 
Twenty-one percent of the methanol was also stripped. 

4-70	 SYNTHETIC FUELS REPORT, JUNE 1984



STATUS OF COAL CONVERSION PROJECTS (Underline denotes changes since March 1984) 

(continued) 

Project Cost: $1.6 million for annual research Year 2 (April 1984-April 1985) 

GEGAS-D PROJECT - (See 1(3CC Simulation) 

GFK DIRECT LIQUEFACTION PROJECT - Saarbergwerke AG (C-400) 
Gf K Gesellschaft fur Kohleverfltasigung mbfl--a subsidiary of Saarbergwerke AG, is considering a 1 million 
tonnes per year liquid fuel from coal project for which a comprehensive study design has been worked out by 
BASF. The plant will use a modified I.G. Farben catalytic liquefaction process. Feedstock requirements are 
1.9 million tonnes per year bituminous coal from Saarbergwerke mines. No site has been selected, but 
locations are being considered in the western part of Saarland and Neunkirchen, West Germany. 
Depending on government approval of a satisfactory site, construction could begin in 1986. Production would 
start in 1991. However, some form of government assistance via tax breaks or construction financing is 
required. A 6 tonnes per thy pilot plant began operations in 1981 and is currently being operated by GfK at 
Voelklingen-Fuerstenbahsen. 
(Also see Saarberg-Otto Gasification Process) 

Project Cost:	 Not disclosed 

GREAT PLANS GASIFICATION PROJECT - Great Plains Gasification Associates, (Composed of ANR Gasification 
Properties Company, MCN Coal Gasification Company, Pacific Synthetic Fuel Company, Tenneco SNG Inc., and 
Transco Coal Gas Company) (C-420) 

Initial design work on a coal gasification plant located new Beulah in Mercer County, North Dakota 
commenced in 1973. In 1975, ANG Coal Gasification Company (a subsidiary of American Natural Resources 
Company) was formed to construct and operate the facility and the first of many applications were filed with 
the Federal Power Commission (now FERC). The original plans called for a 250 million cubic feet per thy 
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 thy. A partnership named Great Plains 
Gasification Associates was formed by affiliates of American Natural Resources, Peoples Gas now MidCon 
Corporation, Tenneco Inc., Transco Companies Inc. (now Transco Energy Company) and Columbia Gas 
Systems, Inc. Under the terms of the partnership agreement, Great Plains would own the facilities, ANG 
would act as project administrator, and the pipeline affiliates of the partners would purchase the gas. 
In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals 
overturned the FERC decision. In January 1981, the project was restructured as a non-jurisdictional project 
with the SNG sold on an unregulated basis. In April 1981, an agreement was reached whereby the gas would 
be sold under a formula 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. 
Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 
billion conditional commitment to guarantee loans for the project. This commitment is sufficient to cover 
the debt portion of the gasification plant, Great Plains' share of the coal mine associated with the plant, an 
SNG pipeline to connect the plant to the interstate natural gas system, and a contingency for overruns. Final 
approval of the loan guarantee was received on January 29, 1982. The project sponsors 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 fun.
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On May 13,	 1982, it was announced that a subsidiary of Pacific Lighting Corporation would acquire a 
10 percent interest in the partnership; 7.5 percent from ANRt5 interest and 2.5 percent 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 SNO Inc. 30.0% 
Purchaser - Tennessee Gas Pipeline 30.0% 

•	 Transco Energy Company - Houston, Texas 
Partner —Transco Coal Company 20.0% 
Purchaser - Transcontinental Pipe Line Corp. 25.0% 

•	 MidCon Corporation - Chicago, limbs 
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 tons per thy of ammonia, 88 tons per thy of sulfur, 200 million cubic feet 
per thy of carbon dioxide, potentially for enhanced oil recovery and other miscellaneous by-products 
including tar, oil, phenols, and naphtha to be used as fuels. Also under investigation is the possibility of 
methanol production. Approximately 14,000 tons per thy of North Dakota lignite will be required as 
feectock.

had been started tin and were nroducinw raw iras. and the 

scale production anticipated to begin in December 1984. 
In Summer 1983 the sponsors notified the DOE that, due to world oil prices, they expected to lose up to 
$1.3 billion over the first 10 years of project operation. The sponsors want price supports from the SFC as 
well as additional adjustments in the original DOE contract. The project sponsors applied to the SFC's 
Competitive Solicitation for Coal Gasification Projects that closed on February 2, 1984. On February 24, 
1984 the SFC announced that the Great Plains Project was a qualified bidder under the solicitation. The 
project received a letter of intent proposing up to $790 million in price guarantees on April 26, 1984. 

Project Cost	 $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX-- Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 
AEVAL, a Greek state-owned company, is planning a lignite gasification complex at its existing fertilizer 
plant near Ptolemais, Greece. Product from the facility will be used to produce approximately 600,000 ton-
nes of ammonia per year and 70,000 cubic meters per hour of medium-BTU town gas, or 36,000 cubic meters 
per hour of methane-rich gas (SNG). The town gas or SNG will be transported via a pipeline from Ptolemais 
toThalonika (135 kilometers), and it will feed residential and industrial users along the pipeline. 
The technology to be used has not yet been firmly selected, but a 5,000 tonne full-scale industrial test of 
Greek xylitic-type lignite has been performed using a process developed by Czechoslovakia. The test was 
conducted by Technoexport, a Czech state-owned company, at an existing gasification plant near Usti, 
Czechoslovakia. Test results are expected by mid-1984. If the tests are successful, the gasification complex 
would be designed and built over a period of approximately four years. 

Project Cost:	 $500 million
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GULF STATES UTILITIES PROJECT - Gulf States Utilities Company and Westinghouse Electric Corporation 
(partners), (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. 60 tons per hour of 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 has been completed and was released in late 1983. The sponsors are currently evaluating the 
feasibility study. The coal gasification system could be operational at the site by the middle of 1988. 

Project Cost:	 Not disclosed 

HOWMET ALUMINUM PROJECT - Howmet Aluminum Corporation (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 inaluminum 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 

9IUENXE CGT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (CGT) GmbH, a joint venture of 
Deutsche Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C-472) 

CGT was established in 1977, with the goal of developing a coal gasification process to the point of 
commercial maturity and economic utilization. The COT coal gasification concept consists of the 
combination of two principal processes of coal gasification in a specially developed reactor. The 
characteristic feature of the CGT Process is the integrated fluidized bed and dust gasification stages. The 
coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the 
gasification media (steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 
1,000°C hot product gas and are separated in a downstream cyclone as coke dust. The not coke dust is cooled 
and stored in bunkers. The coke dust is then fed to the dust gasification stage at the top of the reactor and 
gasified with steam and oxygen in a cooled combustion chamber. The product gas exiting the combustor at 
high speed is directed to the fluid bed. The ash melted in the combustor flows down into the fluidized bed 
and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification 
under pressure leads to a higher specific throughput capacity with simultaneously higher efficiency. The 
production of tar-free product gas at the relatively low temperature of the reactor leads to various 
simplifications in gas purification. 

The overall program for the development of the COT process consists of three stages. Step 1: 
(1978-1980--Planning, construction, and management of checkout tests of key components of the technical 
process. Step 2: (1981-1986)—Planning, construction and operation of a 4 tons per hour operating system. 
Step 3—Demonstration of the process at commercial scale. For the component test program, in 1979 a cold 
flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were erected. 
In 1981, planning began for building a 4 ton per hour test facility for a multi-stage CGT gasification process. 
The process design was agreed to in September 1982 and construction of the facility was completed on 
schedule in mid-1983. The component test facility and the 4 tons per hour pilot plant were erected at the 
site of the BP Ruhr refinery at Huenxe. The test work comprises a conceptual test program to the end of 
1986. After bringing the facility on line and operating the combined fluidized bed with entrained flow 
gasification, the complete working of the test facility with a reference coal will be carried out over the 
entire operating range. In the following test phases the suitability of different feed coals will be checked 
out. In connection with the systematic test program, gasification tests with client coals for specific 
applications are planned. 

Project Cost:	 Not disclosed 

HYDROGASIFICATION OF COAL TO SNG - Lurgi Kohle und Mineraloltechnik GmbH, Ministry of Research & 
Technology of the Federal Republic of Germany and Rheinische Braunkohlenwerke AG (C-475) 

The hydrogasification process developed by Rheinbraun is a pressurized fluidized bed technique. Engineering 
partner in this project is Lurgi. The project is subsidized by the Ministry of Research & Technology of the 
Federal Republic of Germany. A PDU for the hydrogasification was engineered and built by Lurgi company, 
Frankfurt, on to the site of Union Kraftstoff at Wesseling. 
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This plant with a throughput of about 5 tons per day dried brown coal or anthracite has been operated from 
1975 to September 1982. More than 1,780 tons of dried brown coal and about 14 tons anthracite have been 
gasified during 12,235 hours at temperatures between 820 0 to 1,000°C and pressures between 55 and 95 bars. 
A methane content of nearly 50 percent by volume in the dry crude gas has been reached. The longest 
continuous test period of operation has been 31 days. 

A pilot plant with a throughput of about 240 tons per day of dried brown coal at pressures up to 120 bars was 
constructed from 1979 to 1982. This pilot plant includes an Amisol plant for washing out sour gas components 
and a Linde cryogenic separation unit for isolation of SNG from hydrogen for recycle into the gasifier. 

For large-scale plants the hydrogen needed additionally can be generated in the HTW process with a following 
shift conversion of the carbon monoxide in the raw gas to hydrogen or a part of the produced methane is 
catalytically converted in a methane stream reformer being heated with process heat from a high 
temperature gas cooled nuclear reactor. 
The pilot plant went onstream in Spring 1983. Up to the end of 1983, about 3,400 tons of dried brown coal 
were processed in about 1,250 hours of operation. 

Project Cost: 	 Not disclosed 

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 (IGCC) 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 gasif let 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. 

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°? 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 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 hardware has provided verified dynamic models of 
components of an 10CC power generation system. 

Demonstration of operation of an IGCC power plant in a typical utility environment was accomplished in 
1983. The fuel plant was integrated with a software simulation of combined cycle power generation 
equipment. The combination was linked by means of controls logic typical of a full scale 10CC plant. The 
resultant power plant simulation was subjected to imposed transient demands, contingencies and emergencies 
of the type that could be encountered in a utility application. 

Project Cost:	 $9.3 million 

INTEGRATED TWO-STAGE LIQUEFACTION - Cities Service/Lummus and United States Department of Energy 
(C-490)

A program has been initiated between DOE and Cities Service/Lummtm 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_850cP to 740-850°F) was noted for 850°F-f conversion at a 780°F operating 
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 or 
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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-1 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 Lummtm antisolvent deashing (ASOA) have been successfully combined. 
Using Indiana V coal, this portion of the program has demonstrated the following results: the distillate (C5- 
850 0F) product contains less than 0.2 percent nitrogen and 0.2 percent sulfur overall distillate yield is 3 
barrels per ton of moisture free coal; the LC-Finer catalyst activity has been maintained for over 1300 
pounds of 850 0E-f feed per pound of catalyst with a maximum reactor temperature of 780W; the SC'!' 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 SC'!' 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 ITSL pilot unit. The new contract will allow additional coals (including Western coals 
and cleaned Eastern coals) to be tested in the 1/3 tons per thy PDU. 
Recycling hydrogenated solvent from the upgrading unit together with liquefying coal at 800°F 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 PDU 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. 

Run 3LCF9 was continued for eight months wing a modified flowscheme wherein the deasher was placed 
downstream of the LC-Finer. The conversion activity of the extract made from Illinois No. 6 coal declined at 
the same rate that had been observed earlier in the run with the deasher upstream of the LC-Finer. The 
hydrogenation rate was unaffected by the ashy feed. The overall distillate yield, however, was higher than 
for the standard flowscheme because of a reduced extract loss in the deasher underflow. The deashing 
performance was superior to the standard flowseheme due to the improved fluidity of the deasher feed. 

At the end of this subtask using a modified flowscheme, the SC!' reactor was operated at (a) 1,000 psig outlet 
pressure and (b) longer residence time and lower temperature. The low pressure had no effect on operability 
and yields; the longer residence time yielded more gaseous products and the extract product contained less 
hydrogen at slightly higher conversion to quinoline solubles. 

A Wyodak sub-bituminous coal is now being processed in the PDU at C-E Lummus, New Brunswick, New 
Jersey. The integrated operation with Wyodak coal achieved 90 percent conversion to quinoline solubles. 
Hydrogen-transfer from molecular hydrogen was essentially zero, while the recycle solvent contributed 
almost twice the hydrogen that had been transferred during SC'!' rum with bituminous coals. The extract is 
reactive, requiring LC-Finer temperatures 50 0 to 70°F lower than for bituminous coals. The overall distillate 
(C4-850°F) yield was 2.8 barrels per ton MAP coal at a chemical hydrogen consumption of 4.2 pounds per 
100 pounds MAP coal. 

Several preliminary conclusions may be obtained from a comparison of Wyodak sub-bituminous coal versus 
Illinois No. 6 bituminous coal: 

1.	 Wyodak coal requires less hydrogen consumption and has a higher hydrogen utilization efficiency. 

4.	 For a fixed product rate, Wyodak requires 11 percent more coal if coking is used and 33 percent more if 
It Is not. 

Project Cost:	 $17.6 million
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JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) 
(C-sos)

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, 
just after the first oil crisis in 1973. NEDO assumed the responsibility for development and commercializa-
tion of coal liquefaction and gasification technology. NEDO plans a continuing high level of expenditure for 
coal liquefaction R&D, involving two large pilot plants. A 50 tons per thy brown coal liquefaction plant is 
under construction in Australia, and a 250 tons per thy bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled "Victoria Brown Coal Liquefaction Project." 
The properties of brown coal and bituminous coal are so different that different processes must be developed 
or each to achieve optimal utilization. Therefore, NEDO has also been developing a process to liquefy sub-

bituminous and low grade bituminous coals. NEDO has been operating three process development units 
utilizing three different concepts for bituminous coal liquefaction: solvent extraction, direct liquefaction, 
and solvolysis liquefaction. The next step is to integrate these three processes into a single new process and 
to construct a 250 tons per day pilot plant. 
In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. 
Synthetic iron sulfide or iron dust will be used as catalysts. The heavy fraction (+450°C) from the vacuum 
tower will be hydrogenated at about 350°C and 100-150 atm in the presence of catalysts to produce hydrogen 
donor solvent for recycle. Consequently, the major products will be light oil. Residue-containing ash will be 
separated by vacuum distillation followed by steam stripping. 
Basic design of the new pilot plant has started. It is expected that the pilot plant will start operation in early 
1990s. The total cost, including operations, is expected to be $400 million. 

Project Cost:	 $400 million, not including the three existing pilot plants 

KEYSTONE PROJECT - Johnstown Area Regional Industries, The Signal Companies, and Westinghouse Electric 
Corporation (C-510) 

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 thy coal throughput will be used for firing a combined-cycle power 
generation facility to produce a net electrical output on the order of 150 megawatt. Subsequent modules will 
consume up to 8,000 tons per thy 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 other liquid or gaseous fuels 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 achieved level Il/HI engineering and cost estimate requirements by October 1983. 
In January 1984 the sponsors requested that the SFC remove the project from the third round solicitation. 
Presently the sponsors are preparing a proposal for submission to the SFC as part of the fourth round 
solicitation, currently due to close on June 29, 1984. A term sheet is expected by October 1984 and detailed 
engineering is to begin in January 1985. Initial commercial operations are planned for mid-1988. 

Project Cost: $509 million 

KILnOAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, Electric Utility participants are: 
Baltimore Gas and Electric Company, Central Illinois Light Company, Consumers Power Company, Electric Power 
Research Institute, Illinois Power Company, Iowa Power & Light Company, Monongahela Power Company, Ohio 
Edison Company, The Potomac Edison Company, Public Service Indiana, Public Service Company of Oklahoma, 
Union Electric Company, West Penn Power Company (C-520) 

The KILnGAS process is based on Allis-Chalmer's extensive commercial experience in rotary kiln, high 
temperature minerals processing. A pilot plant in Oak Creek, Wisconsin has operated at 60 tons per thy 
throughput. Groundbreaking for a 600 tons per day commercial module plant occurred on October 1, 1980 
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new East Alton, Illinois next to Illinois Power's Wood River power station. Foundations for the major 
equipment were in place by the end of 1981. 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. The plant provides low-BTU (160 BTU 
per standard cubic foot) gas to the Wood River Station. Gilbert/Commonwealth Associates, Inc., was the 
architect-engineer. J.A. Jones Construction of Charlotte, North Carolina was the construction manager for 
the plant. Scientific Design provided parts of the process design. State of Illinois has allocated $18 million in 
Coal Development Bond Act funds to assist in construction of the plant and $3 million for test support. 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 IULnGAS 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 tons per day 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. Construction was completed and operation of the facility started in mid-
1983. The plant started up in June 1983 with a 7-year operating life. High sulfur Illinois coal was introduced 
into the process and successfully gasified for the first time in third quarter 1983. In addition, the plant's low- 
BTU gas product was successfully fired in Illinois Power's No. 3 boiler at the site. Allis-Chalmers plans to 
operate the facility as a demonstration plant through 1984, and subsequently for commercial purposes. 
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 the project strength 
evaluation and was dropped from consideration on May 26, 1983. The project is financed through its one-year 
demonstration period. 

Project Cost:	 Estimated at $155 million. 
Committed Funding Sources: 

Electrical Utility Participants	 $ 41.00 million 
State of Illinois	 $ 21.00 million 
Allis-Chalmers	 $ 87.25 million 
EPRI (testing only)	 $ 5.75 million 

TOTAL	 $155.00 million 

KIN G-WILKINSON/HOFFMAN PROJECT - E. J. Hoffman and King-Wilkinson, Inc. (C-530) 
Project sponsors are developing a packaged, skid-mounted unit with a throughput of 100 to 200 tons per day 
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 

KLOCKNER COAL GASIFIER - CRA (Australia), Klockner Kohlegas, West German Federal Government (C-535) 
A 850,000 tonnes per year commercial plant using the Kiockner coal gasification process is under 
construction at firemen, West Germany. Approximately 1.7 billion cubic meters of gas is the anticipated 
product. Start-up is scheduled for 1985. A currently-operating pilot plant has reported up to 90 percent 
lower sulfur emissions. 

The project is receiving $80 million from the West German government. When operational, the plant will be 
the second large-scale gasification plant in Germany (see Rheinbraun HTW Project for details of the larger 
facility). 

The Klockner Kohiegas molten iron bath technology has been proposed for the Penn/Sharon/Klockner project 
in the United States. 

Project Cost:	 $325 million
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LAPORTE LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Electric Power Research 
Institute, Fluor Engineers and Constructors, and United States Department of Energy (C-550) 

In April 1984 Air Products began operating a 3 to 5 tons per day pilot plant located new LaPorte, Texas. The 
unit will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In 
the process, synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol 
synthesis catalyst is suspended. The oil acts as a large heat sink, thus improving temperature control and 
allowing the use of more active catalysts and/or a more concentrated synthesis gas. 
Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low 
hydrogen/carbon ratio gases without the need for synthesis gas shift to produce more hydrogen. To test the 
concept, the unit will initially use synthesis gas derived from natural gas rather than coal. These tests are 
expected to last until early 1985. 

Project Cost:	 DOE: $13.4 million 
Private participants: $1.8 million 

LOUISIANA SYNTHETIC FUELS - (See Slagging Gasification Consortium Project) 

• L.ULEA MOLTEN IRON PILOT PLANT - Kloeckner-Humboldt-Deutz AG and Sumitomo Metal Industries, Inc. 
(C-580)

KHD and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the 
molten salt coal gasification processes independently developed by both companies. The pilot plant will be 
built in Lulea, Sweden at the country's steel research center. Construction of the pilot plant is expected to 
be completed by mid-1985, with operation scheduled to last through 1987. 
The pilot plant will be designed for operation at pressures up to S atmospheres. In the process, pulverized 
coal and oxygen are injected into a bath of molten iron at temperatures of 1400 to 1600 9C. Potential 
advantages of the technology include simple coal and oxygen feed controls and low carbon dioxide production. 

Project Cost:	 Not Disclosed 

KRW ENERGY SYSTEMS INC. ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION 
- Kellogg Rust Inc. and United States Department of Energy (C-980) 

In April 1984 Westinghouse sold controlling interest in the Synthetic Fuels Division and its coal gasification 
technology to Kellogg Rust Inc.; the new name is KRW Energy Systems Inc. United States Department of 
Energy (DOE) funding for fiscal year 1984 has been committed and elements of a 32 month program jointly 
identified. The KEW coal gasification pilot plant, located at the Waltz Mill Site near Pittsburgh, 
Pennsylvania has been operated since 1975 and has accumulated more than 10,000 hours of hot operation with 
a broad range of coals. The range of coal types include highly caking eastern bituminous, western sub-
bituminous, and lignites, high ash and low ash, high moisture and low moisture. 
The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The 
pilot gasifier is operated at temperatures between 1,550 and 1,950't? and pressures between 130 sig and 
230 psig, with air feed to produce low-BTU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal 
capacity ranges between 20 and 35 tons per thy, depending on coal type. The pilot plant has been integrated 
with prototype combustion turbine test passages, and tests were conducted with coal gases covering a broad 
range of heating values. In 1983, successful tests were conducted to demonstrate hot fines recycle they 
showed a 23 percent increase in carbon, conversion for Wyoming Sub-C coal (8 percent for Pittsburgh No. 8), 
and a 38 percent decrease in oxygen consumption (26 percent for Pittsburgh No. 8). A commercial gasifier-
size cold flow fluidized bed scale-up facility began operation in 1981, the purpose being to develop a data 
base sufficient to reduce risks associated with scale-up to acceptable levels. 
Several commercial demonstration projects are currently being evaluated for application of the KRW coal 
gasification system to various industrial and utlity applications. Included is the Keystone Project, previously 
withdrawn from SFC consideration, but resubmitted for fourth round consideration. The project which is 
located near Johnstown, Pennsylvania involves a coal gasification combined cycle facility which will gasify 
about 2,050 tom per thy of local coal to produce about 190 megawatts of electric power. 

Project Cost:	 Not disclosed
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MAZINGARBE COAL GASIFICATION PROJECT - Cerchar (Research Organization of Charbonnages de France-
CdF), European Economic Community, Gas Development Corporation, Institute of Gas Technology (C-595) 

In June 1983, the U-GAS process was selected by Charbonnages de France (Cd?), the French national coal 
company, as its future commercial coal gasification technology. The 201 metric tons per day facility, to be 
located at Mazingarbe, near Calais, will be operated by Cd?. The plant will be designed to process a wide 
variety of coals. 
The Institute of Gas Technology (IGT) has developed the U-GAS process as the fruition of research and 
development in progress since 1974. The product gas can be low-BTU gas when operating with air, or 
medium-BTU or synthesis gas when operating with oxygen. 
A request was made on March 31, 1983 to the EEC under its program for assistance in research and 
development related to coal gasification. Additional capital beyond that provided by the EEC will be 
financed by Cd?. 

Project Cost:	 $24.4 million - EEC 
$36.6 million - CdF 
$61.0 million (U.S.) 

MEMPHIS INDUSTRIAL FUEL GAS PROJECT - CBI Industries Inc., Cives Corporation, Fester Wheeler Corpora-
tion, Great Lakes International, Houston Natural Gas Corporation, Ingersoll-Rand Company, and Memphis Light, Gas 
& Water Division (C-620) 

The project originated under the DOE Demonstration Plant Program. DOE awarded Memphis Light, Gas and 
Water Division a contract to design and construct a medium-BTU gasification plant in May 1980. In 
September 1981, DOE announced plans to terminate future funding of the project, but to continue support 
until the project had received full evaluation by the United States Synthetic Fuels Corporation. The project 
has now passed both the maturity and strength criteria for support by the SFC and detailed negotiations for 
financial support are underway. The project will utilize IGT U-GasR Gasifier to produce approximately 
50 billion BTU per day of medium-BTU fuel gas for industrial customers. Eastern high sulfur coal is the 
proposed feedstock. Project construction costs are estimated at $1.1 billion. AU permits are in place to 
begin construction immediately upon securing financial guarantees. The construction period will last four 
years. The project will be located with the city limits of Memphis adjacent to the Mississippi River and large 
industrial developments. 

Project Cost:	 $1.1 billion (construction costs) 

MILLMERRAN COAL LIQUEFACTION PROJECT — Australian Coal Corporation (C-625) 
The Australian Coal Corporation (ACCOR) consortium hopes to build Australia's first commercial coal 
liquefaction plant. ACCOR is a joint venture of the following companies: 

Percent 
Interest 

National Mutual Life Association of Australia Ltd. 22.9 
Oil Company of Australia Ltd. 22.9 
Peko Wailsend Ltd. 22.9 
Resources Development Corporation 26.7 
Morgan Grenfell Australia Ltd. 4.6

The proposed project would be built near Millmerran, 170 kilometers (110 miles) west of Brisbane, Queens-
land. It would consist of a Sasol III type plant, treating 14 million tons of raw sub-bituminous coal per year 
for an annual production of 22 million barrels of synfuels. 
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On a daily basis, 25,000 to 30,000 tons of washed coal would be used to produce about 40,300 barrels of pre-
mium grade gasoline, 8,700 barrels of jet fuel, and 16,000 barrels of diesel fuel. This is almost equivalent to 
15 percent of Australia's 1982 consumption rate of 660,000 barrels per day of crude oil. The Sasol Ill type 
plant would utilize Lurgi gasification together with FischerITroch synthesis. 

The Milimerran coal field on which the project would be based contains five potentially economic coal 
deposits with indicated reserves totalling 1.5 billion tons. The lease from which production is planned is 
controlled by Amax, with Mitsui holding a 12.5 percent interest. it contains 175 million tons of measured 
reserves, 400 million torn of indicated reserves, and additional Inferred reserves of about 800 million torts. 
The field is In the western part of the Moreton Basin and contains the Jurassic age Walloon coal measures. 
The majority of coal is amenable to open cut extraction. The coal is reported to have high volatile and 
hydrogen content, is highly reactive, and shows high ash fusion temperatures. Samples taken from a trail 
box-cut area provided an air dried proximate analysis of 16 percent ash, 5 percent inherent moisture, 
42 percent volatiles, and 37 percent fixed carbon. The calorific value is 26.8 Mj per kilogram (11,550 BTU 
per pound) and total sulfur content is 0.53 percent. 
In 1981 ACCOR began a full scale feasibility study at a cost of A$9 million involving large scale tests on 
15,000 torts of Millmerran coal at the Sasol II plant in Transvaal. If successful, and depending on price trends 
for products, tentative plans called for a commercial plant to be in production by mid-1986 and running at 
fill capacity a year later. However, it was reported in 1982 that the project's future depended on, among 
other things, a 3.5 percent per year rise in OPEC oil prices. Separately, Mitsui has been testing a 1,000 ton 
sample of Millmerran coal for conversion potential at their Sac pilot plant at Ohmuta, Japan. 

A preliminary feasibility study by Fluor, which would construct the plant on a turnkey basis, in Decem-
ber 1980 indicated that the plant was "technically and economically feasible and strategically wise." 

Project Cost:	 $A2.8 billion 

MINING AND INDUSTRIAL FUEL GAS GROUP (MIFGA) GASIFIER - American Natural Service Company; 
Amerigas; Bechtel Incorporated; Black, Sivails, Bryson; Burlington Northern; Cleveland-Cliffs Iron Company; Davy 
McKee Corporation; Dravo Corporation; EPRI; The Manna Mining Company; Peoples Natural Gas Company; Pickanth 
Mather & Company; Reserve Mining Company; Riley Stoker Corporation; Rocky Mountain Energy; Stone and 
Webster; USBM-Twin City Metallurgical Research Center; United States Department of Energy; U.S. Steel 
Corporation; Western Energy Company; Weyerhaeuser (C-630) 

The U.S. Bureau of Mines announced plans to install a 36 tons per thy Wellman-Galtsha coal gasifier at the 
Twin Cities Metallurgical Research Laboratory (Minn.) in March 1977. The 6'6 11 diameter gasifier, supplied by 
Hanna Mining Co., provides low-BTU fuel gas for a 12 tons per day 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 
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 1,000 tons of lignite, and included pellet testing. Ten thy around-the-elock 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 1987, Black, Sivalls & Bryson, Incorporated (85&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, test planning, test execution, and all documentation of program activities and test 
reports. 

88kB 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 
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which are potential feedstock for industrial fixed-bed gasifiers applied within and beyond metallurgy 
processing throughout the United States. 
Major advancements have been made with the gas sampling and analysis system. Quality of the data derived 
from testing has significantly improved. Tar/oil from high volume bituminous coals are consistently in the 
range of 15 to 16 percent. 
The 1983 test series was completed on November 11, 1983. A total of 108 days of testing was achieved using 
8 different coals/solid fuels. 
All 10 draft test reports have been prepared and submitted to Bureau of Mines for review. 
During the next several months, the facility will be upgraded for the 1984 test series. The 1984 test Series 
will include fundamental studies of gas clean-up, desulfurization, and utilization. 

DOE funded: $5,176,000 corresponding to 7 years of industrial coal gasification research and development. 
MIFGA member contributions have amounted to approximately $2,596,150. 
Bureau of Mines: $4.559.760. 

Project Cost:	 $12,331,910 (spanning? years) 

MONASH HYDROLIQUEFACTION PROJECT — BP Australia, Monash University (C-665) 
The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria 
are conducting a major investigation into hydroliquef action of Victorian brown coal. Both batch autoclave 
studies and continuous hydrogenation in a bubble column reactor are being conducted. 
BP Australia is providing A$450,000 in funding over three years for a collaborative research project with 
Monash University on brown coal conversion using synthesis gas. Substantial funding for the continuous flow 
research' has been provided by the Australia Governments National Energy Research, Development and 
Demonstration Council. 
Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solu-
tions shows enhanced activity for hydrogenation in tetralin compared with untreated coal. The Monash 
studies show that a mixed metal catalyst system, which is predominantly iron-based with trace amounts of 
tin, displays a significant synergistic effect when compared with hydrogenation results for experiments using 
only iron- or tin-based catalysts of comparable metal concentrations to the mixed metal system. The studies 
have now been extended to the use of coal-derived solvents rather than tetralin. 
The continuous bench-scale bubble-column reactor facility has been successfully operated at 1 to 2 liters per 
hour of coal slurry using tetralin as the vehicle solvent in the presence of hydrogen gas. This unit is providing 
data on the effects of temperature, residence time, and catalytic treatment on coal conversion and product 
yields, together with providing reasonable quantities of products for further studies. Mathematical modelling 
of the process has also proved successful. 

Project Cost:	 Undetermined 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Ford, Bacon & Davis; Mountain Fuel Supply Company; United 
States Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high 
temperature, oxygen blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 
2,800°F), and 300 psig. The plant produces 2 million cubic feet per day of 300 BTU gas. Both radiant and 
convective heat exchangers are used to recover heat from the process. Detailed engineering has been 
completed for the 30 tons per thy process development unit which will also be used to fire an existing brick 
kiln at Salt Lake City. 

An $8.0 million, 39 month cost-sharing contract has been awarded. Construction was completed in October 
and start-up tests started in November 1982. The unit has been running on coal since February 1983, 
conducting component and process evaluation tests. Coal variation tests started in March 1984. DOE is 
scheduled to receive a final project report in mid-1984. 

Project Cost: $8.0 million
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MURPHY HILL - (see North Alabama Coal Gasification) 

NATIONAL COAL BOARD LIQUID SOLVENT EXTRACTION PROJECT - British Department of Energy and 
National Coal Board (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 torts per day of liquids. In the process, a 
hot, coal-derived solvent is mixed with coal. The solvent extract is filtered to remove ash and carbon 
residue, followed by hydrogenation to produce a syncrude boiling below 300 0C 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 thy pilot plant, the National Coal Board has now placed a 

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 - British Department of Energy and National Coal 
Board (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, or generally standing 
alone for onsitegeneration of 

gaspa 
for industrial application. Small pilot-plant studies leading to the design of 

a pilot/demonstration plant of a cacity 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. A 0.5 ton per hour demonstration plant is under 
construction, financed by the NCB and the European Economic Community, by Courtaulds Engineering. 

Project Cost:	 Construction and testing of 0.5 ton per hour plant -2 million British pounds 

NATIONAL SYNFUELS PROJECT - National Synfuels Inc. (C-705) 
The NSI gasifier is being installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. 
Production of 30 million BTU per hour low-BTU gas is expected from lignite feedstock. NSI technology uses a 
multi-stage gasifying process, physically segregating steps for fuels drying/devolatilization, char gasification, 
and thermally cracking pyrolysis tars and oils. The gasifier will start up during April 1984, with full operation 
anticipated by year end. 

Project Cost:	 $2 million 

NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-no) 
Energy Trathition Corporation (ETCO) has proposed a coal pyrolysis project to be built in northwest New 
Mexico. The proposed plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 
20,000 tons per thy of coal into crude oil and char. Coal for the project would be supplied by Utah 
International's Navajo Mine, and product char would be used at nearby electric power generation plants. A 
study conducted by ETCO for the Näw Mexico Energy Research and Development Institute indicated the 
plant would achieve a favorable economic return at today's energy prices ($28.50 per barrel for product oil 
and $0.70 per million BTU for coal/char). 
Tests using the Navajo coal will be conducted in a pilot plant at DOE's Pittsburgh Energy Technology Center 
during August 1984. ETCO is seeking additional equity partners for the project. 

Project Cost:	 $770 million
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NORTH ALABAMA COAL GASIFICATION CONSORTIUM PROJECT - North Alabama Coal Gasification Consor-
tium (Air Products and Chemicals Company; Houston Natural Gas Corporation; Peabody Coal Company; and 
Raymond International Inc.); in conjunction with the Tennessee Valley Authority (C740) 

In October 1979, the Tennessee Valley Authority (TVA) requested proposals for Phase!, 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 utility 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 GKT Gesellschaft fur Kohie-
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 1988. Bechtel National, Inc., C.F. Braun Company, and Foster 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. 

Ultimately C. F. Braun was chosen to do the detailed engineering. However, the engineering work has been 
transferred to Stearns Roger. 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 issued 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 pending approval by the SFC for 
financing. 

The consortium will consist of several private firms, which will own and operate the plant on a commercial 
basis. To date Air Products and Chemicals, Inc.; 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, & Company, 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 April 13, 1983 the SFC moved the project to the third solicitation, and on May 26, 
1983 advanced the project to Phase II negotiations. On April 5, 1984 the SFC announced that the project had 
been dropped fromm further consideration. (Project also known as Murphy Hill project.) 

Project Cost:	 Approximately $1 billion
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NORTHERN PEAT ENERGY PROJECT — Signal Cleanfuels, Inc. (C-753) 

The Signal Companies, Inc., recently merged with Wheelabrator-Frye, Inc., Is proposing a project utilizing 
wet carbonization of peat developed by J.P. Energy of Finland 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. Project site is 
Milford, Maine. Feedstock requirements are for 365,000 torts per year of dry peat. Construction will start in 
second quarter 1985, and production would begin in early 1987 with full production later that year. Price and 
loan guarantees are requested from United States Synthetic Fuels Corporation under the third solicitation. 
The SFC Board of Directors Initiated a financial assistance award at their A pril 5. 1984 Board meeting. 

ors are nopezul or conctuaxng a unancing agreement witn tne br's oy mIo-lua q. tn 
by Kellogg-Rust Synfuels, Inc., a wholly-owned subsidiary of The Signal Company, Inc. 

Project Cost:	 $132 million (June 1983 dollars) - Estimated 

NYNAS PROJECT - Nynaeshasnnsykombinatet (consortium of Nynaes Petroleum, ASEA AB, and Storstockholms 
Energi AB) (C-754) 

A 1.5 million tons per year coal-based energy complex is being planned at Nynaeshamm, approximately 30 
miles southeast of Stockholm on Sweden's Baltic Coast. Scheduled for operation in 1989, the plant will be 
capable of producing 700,000 tons per year methanol via Texaco's coal gasification process. Additional 
products will be 2.5 billion KWH per year fuel gas for power plants, and hot water derived from process waste 
heat for Stockholm's municipal district heating system. 
Udhe GmbH (West Germany) and ASEA/Atom (Sweden) are performing engineering work on the the project. 
Phase I design Is complete, and Phase II construction is anticipated to begin in 1985. The sponsors have 
obtained financial assistance from Sweden's Oil Substitution Fund. Plans include the possible future 
adaptation of gasification trains to domestic feedstocks (peat and wood). 
Project feasibility was studied by the sponsors as well as Svensk Melanolutveckling (90 percent state-owned, 
10 percent Volvo), and Sydkraft. Interest centered on the complex's methanol production, since its use could 
replace approximately 10 percent of Sweden's future gasoline requirements. 

Project Cost:	 $500 to $600 million (1983 dollars) 

OBERHAUSEN COAL GASIFICATION PROJECT - Ruhrkohle Oil & Gas GmbH, Ruhrchemie AG (C-755) 
The sponsors plan to build a commercial coal gasification plant at Rhurcttemie's Oberhausen oxo-synthesis 
facility. Using Texaco's gasification process and a feed rate of 30 tons per hour coal, estimated production 
would be 50,000 cubic meters per hour SNG of which 20,000 cubic meters per hour will be converted to 
hydrogen. Design for the commercial facility is being done by Uhde GmbH. The plant is scheduled to come 
onstream in 1986. Sponsors have requested the West German government to supply up to 45 percent of the 
capital costs. Coal price subsidies have also been requested. 
A coal gasification pilot plant was commissioned at the Oberhausen site in April 1978, built and operated 
jointly by Ruhrkohle and Ruhrchemie. A total of 15,000 hours of operation were achieved; the longest run 
lasted 800 hours. Fifteen different coals and residues from coal liquefaction processes (described under 
Bottrop Project) were successfully gasified. Good yields were obtained and no technological problems 
occurred. The coal-based synthesis gas was fed to Ruhrchemie's oxo-synthesis plant and was judged to be 
well suited. Much of the pilot plant costs were funded by the West German Ministry of Science and 
Technology. 
The project sponsors will continue operating the Oberhausen-Holten pilot plant in 1984. Negotiations are 
currently being conducted with other companies on the execution of further tests. This supplementary 
program will also provide an oppotunity for optimizing individual process components. 

Project Cost:	 $10 million (pilot plant) 
$80 million (commercial facility) 

OHIO I COAL CONVERSION - Alberta Gas Chemicals, Inc., North American Coal Corporation, 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 (a blend of methanol, higher alcohols, and a small quantity 
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of water). Plant operation is scheduled to begin in mid-1987. One module with a production capacity of 
approximately 5,000 barrels per day is planned. Feedstock would be 7,000 tons per day high sulfur bituminous 
coal from North American Coal Corporation's deposits in Southeast Ohio. Texaco gasification is the selected 
process. 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:	 Under $1 billion 

PEAT METHANOL ASSOCIATES PROJECT - Peat Methanol Associates: ETCO Methanol Inc., and J. B. Sunder-
land, and Transco Peat methanol Company (C-770) 

PMA is a joint venture partnership of Transco Peat Methanol Company (wholly owned subsidiary of Transco 
Energy Company), ETCO Methanol Inc., and J. B. Sunderland. PMA submitted this project, also referred to as 
the First Colony Project, to the SFC for loan and price guarantees. The plant is a single module KBW 
gasification train with 10 methanol synthesis which will produce 678 torts per thy of fuel grade methanol 
from 2,100 tons per day peat mined at the site. The plant, to be located new Creswell, North Carolina, can 
be expanded to 5,000 tots per thy. 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 II evaluation in the initial solicitation for 
synthetic fuels projects. Subsequently, the project was moved to Phase II of the SFCs second solicitation on 
June 18, 1982. 

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 torts 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. On December 13, 1982 the SEC signed a letter of intent to supply PMA with up to $465 million in 
loan and price guarantees. On December 28, 1982 local and county officials gathered in Creswell, North 
Carolina for groundbreaking at the plant site, in April 1983 PMA was granted $0.8 million by the SEC to 
cover part of the $1.7 million preconstruction work. 

The project is on hold. 

Project Cost:	 $576 million (methanol production facility and peat harvesting operation) 

PENN /SHARON/KLOC KNER PROJECT - Klockner Kohlegas GmbH, Pennsylvania Engineering Corporation, Sharon 
Steel Corporation (C-775) 

A project to produce medium-BTU gas using the Klockner Kohlegas Molten Iron Bath technology. The 
proposed facility would be located within the Sharon Steelworks new Farrell, Pennsylvania. Engineering and 
construction is estimated to begin in September 1984 and to be completed in August 1987. 

Approximately 2,500 to 3,000 torts per thy of bituminous coal will be utilized. Other feedstocks include 
2,500 tons per day of oxygen, 3 to 4 million cubic feet of natural gas (or equivalent LPG or fuel oil), 200 to 
250 tons per day of burned lime, and one million gallons per thy of water. The proposed plant will produce 
280 minion standard cubic feet per thy of medium-BTU gas (290 BTU per standard cubic foot), and 1,500 tons 
per thy of 600 psig steam at 700°F. Approximately 400 tons per thy of slag will also be produced. 
The sponsors submitted a qualification proposal to the SEC under the competitive solicitation for projects 
utilizing bituminous coal from the Eastern Province or eastern region of the Interior Province. On January 5, 
1984 the SFC announced that the project was a qualified bidder under the solicitation. However, the sponsors 
did not submit a technical DroDosal and bid by the March 6. 1984 deadline. and the Drojeet was droDoed from 

Project Cost:	 Not disclosed
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PHILLIPS COAL GASIFICATION PROJECT - Phillips Coal Company (C-790) 
Phillips Coal Company is evaluating the economic feasibility of a coal gasification project with production 
capacity up to 50,000 barrels oil equivalent per day. The project would be located in Hopkins, Wood, and 
Rains counties new Sulphur Springs, Texas. Seventeen million tons per year of lignite would be mined for 
thirty years. Lurgi gasification is being considered for the project. Alternate and/or additional plant 
locations are being evaluated which would utilize other Phillips' lignite holdings in the Gulf Coast area. No 
schedule has been announced for building the project. Phillips is preparing an in-house feasibility assessment 
and has been talking with possible equity partners. 

Total Cost:	 $4 billion 

RHEINB MA UN HIGH-TEMPERATURE WIN IUJER PROJECT - Rheinische Braunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler 
fluidized bed gasification process. 
On the basis of preliminary tests In a bench scale plant at Aachen Technical University new Cologne, the 
sponsors commissioned a pilot plant in July 1918 at the Wachtberg plant site near Cologne. Following an 
expansion in 1980/1981, feed rate was doubled to 1.3 tons per hour dry lignite. This pilot plant is subsidized 
by the West German Federal Ministry for Research & Technology. 
Rheinbraun is also constructing a demonstration plant for the production of 300 million cubic meters syngas 
per year. The plant Is scheduled for start-up in 1985. All engineering is being performed by Uhde. Linde AG 
is contractor for the Rectisol unit (the first coupling of Rectisol gas cleanup technology with the High-
Temperature Winkler process). The synthesis gas to be produced at the site of Rheinbraun's Ville/Berrenrath 
briquetting plant is to be pipelined to Rheinbraun's Union Krattstoff subsidiary for methanol production. 

Project Cost:	 Undisclosed 

RUHR100 PROJECT - Ruhrgas AG, Ruhrkohle AG, Steag AG, Western German Ministry of Research and 
Technology (C-805) 

In the mid-1970s, a pressurized Lurgi pilot project was initiated by a group consisting of Ruhrgas AG, 
Ruhrkohle AG, and STEAG AG. The project was subsequently sponsored by the West German Ministry of 
Research and Technology as part of the national energy research program. 
The pilot plant, referred to as RUHR 100, is to demonstrate an advanced Lurgi gasifier that operates at 
100 bar (1,450 psi). Design of the major portions of the plant begin in 1977 by Lurgi Kohle and 
Mineraloltechnik GmbH. The utilities facilities were designed by STEAG. The 7 tons per hour plant went on 
stream in September 1979 at the Ruhrgas facility in Dorsten. Total testing is planned to last through 1983. 
The first six rum with the RUHR 100 gasifier were conducted at conventional pressures of 25 bar. During the 
remaining tests, the pressure was increased and a pressure of 10 bar was achieved in the tenth run. In the 
combined eleventh/twelfth run, the feed coal was switched and the feed rate was increased to 100 percent of 
design. Testing was then interrupted for five months due to a misoperation of the unit. Large fluctuations in 
coal quality during some tests caused difficulties in the gasifier operation due to the formation of caking 
crusts. Some tests also used coal briquettes for short periods of time. 

Project Cost:	 $70 million 

•SAARBERGWERKE-OrrO GASIFICATION PROCESS - Saarbergwerke AG and Dr. C. Otto and Company (C-812) 

The project was funded by the Federal Minister of Research and Technology and by the companies 
Saarbergwerke AG and Dr. C. Otto and Company, GmbH. 

Project Cost:	 Approximately $31 million
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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 is 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	 $2.9 Billion 
SASOL Three	 $3.8 Billion 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates 
Limited; Gulf Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; 
Nova Scotia Resources Limited (a Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) 
(C-822)

The consortium is conducting a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia 
using local coal to produce gasoline and diesel fuel. The plant would be built either in the area of the Gulf 
Point Tupper Refinery or near the coal mines. The 25,000 barrels per day production goal would require 
approximately 2.5 million tonnes of coal per year. The plant start-up could be in 1989/1990. Additional 
funding of $750,000 has been requested from the Oil Substitution Fund (a fund jointly administered by the 
Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process 
options. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately $1.5 billion for the plant 

SCRUBGRASS —Scrubgrass Associates (C-825) 

A coal-to-methanol-to-gasoline project to be located five miles north of Lisbon, Pennsylvania in the 
Scrubgrass Township. Scheduled start up of the proposed project is 1987 for Phasel with the plant full 
commissioned in June 1991. The project will use Koppers-Totzek gasification, ICI methanol synthesis, and 
Mobil-M conversion to gasoline. Approximately 6,437 tons per thy of high sulfur coal will be used for the 
gasifier and power generation. An average 3 cubic feet per second of water will be needed for the plant. 
(lOP Management services, a subsidiary of one of the projects limited partners, has been selected as the 
operating manager for the facility. 
The sponsors submitted a qualification proposal to the SFC under the competitive solicitation for projects 
utilizing bituminous coal from the Eastern Province or eastern region of the Interior Province. However, the 
project was not selected as a qualified bidder under the solicitation. 

Project Cost:	 Not disclosed 

SHARON STEEL - (See PennlSharon/lUockner Project) 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-840) 
Shell Oil Company (U.S.) andthe Royal Dutch/Shell Group are continuing joint development of the 
pressurized, entrained bed, Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation 
at Shells Amsterdam laboratory since December 1976. A number of different coals and petroleum cokes 
have been successfully gasified at 300 to 600 PSI. This pilot plant has now operated forever 10,000 hours. 
A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 
1978 with over 6,000 hours of operation logged. Its experimental program now complete, the plant has 

Project Cost:	 Not disclosed
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SLAGGING GASIFICATION CONSORTIUM PROJECT - Babcock Woodall-Duckham Ltd., Big Three Industries, inc., 
The HOC Group plc., British Gas Corporation, and Consolidation Coal Company (C-845) 

The proposed project will be located 3 miles south of Plaquemine, Louisiana at a chemicals complex owned 
and operated by the Georgia-Pacific Corporation. Approximately 60 million standard cubic feet per day of 
natural gas will be replaced with medium-BTU gas to be used both as a feedstock and a fuel at the complex. 
Design and construction of the gasification plant is expected to require 4.5 years beginning in September 
1984. 
The proposed plant will use the British Gas/Lurgi Slagging Gasification technology demonstrated at a com-
mercial scale at Westfield1 Scotland since 1975. The gasifier is a fixed bed, pressurized unit that operates at 

00'F temperatures above 3,6. Medium-BTU gas from the gasifier will be treated in a Rectisol unit to remove 
sulfur compounds. Tars, oil, and aqueous liquid by-products will be condensed and removed from the gases in 
coolers that produce low-pressure steam. The gas liquor from the coolers will be treated successively in a 
Phenosolvan unit to remove phenols, ammonia stripper, and a combination of biological and adsorption treat-
ment. 
Approximately 3,000 tons per thy of bituminous coal will be shipped to the site by barges on the Mississippi 
River. Other feedstocks for the proposed gasification facility include oxygen from an on-site air separation 
unit, steam from the Georgia-Pacific complex, limestone, and 1.5 million gallons per thy of water from wells. 
The plant will produce 58 billion BTU per day of medium-BTU gas, elemental sulfur, 300 tons per thy of slag, 
and possibly argon and nitrogen from the air separation plant. 
The sponsors submitted a qualification proposal to the SFC under the competitive solicitation for projects 
utilizing bituminous coal from the Eastern Province or eastern region of the Interior Province. On January 5, 
1984 the SFC announced that the project was a qualified bidder under the solicitation. The sponsors 

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 tons per thy.) 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 feed to the top of the gasifier 
has been demonstrated as well as the injection of further quantities of fine coal through the tuyeres into the 
base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. The 
coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular 
frit. Gasification is substantially 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 tons per thy to make SNG. 
It is proposed that gas from the extended gasifier will be used to generate electric power using a Rolls Royce 
SIC 30 gas turbine electric generation unit. 
BCG 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) - International Coal Refining Company (Air 
Products and Chemicals Ine./Wheelabrator-Frye Inc., partnership), Kentucky Energy Cabinet, and United States 
Department of Energy (C-860) 

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 of the Electric Power 
Research Institute and DOE. The process dissolves coal under pressure in the presence of hydrogen. The 
products are clean solid and liquid fuels with heating values of approximately 16,000 BTU per pound (150,000 
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BTUper gallon) and gasoline naphtha. The sulfur content is reduced to a maximum of 0.8 percent. Plant 
capacity is 6 tons per day 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 tons per thy 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, Daviess County), Kentucky is under 
option. Feedstock is 6,000 tons per thy high-sulfur Illinois basin coal. Products include 20,000 barrels per 
day (oil equivalent) of solids, liquids, and gases. SRC fuel in the 850°F and lighter fractions will be used to 
displace No. 6 fuel oil. SEC liquids include heavy oil (650° to 850°? fraction oils), a 4000 to 600°F middle 
distillate that can replace No. 2 fuel oil, and naphtha (C5-400°F fraction oils) for reformer feed for high-
octane, unleaded gasoline blenthtock or BTX chemicals. The Final Environmental Impact Statement was 
released in July 1981. 
The project baseline was transmitted to Congress in May 1982. The DOE allocated funds to continue detailed 
design and generic coal liquefaction technology development. The revised cost estimate specified in the 
report indicates project costs to be $2.2 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. 

Estimated Project Cost	 $2.2 billion (Demonstration Project) 

SO 0TH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-865) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant 
utilizing the low rank brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant 
being studied would be integrated with two 300 MW combined cycle power station modules and is one possible 
option for meeting additional power station capacity requirements in the early 1990s. 
Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, 
Shell-Koppers and Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag, and Krupp-
Hoppers. It is anticipated that larger scale testing of the coal would be required before the feasibility of this 
option can be ascertained, and the most appropriate technology determined. Results obtained to date have 
encouraged continuing study. A decision on whether to proceed to detailed testing and design will be taken in 
1984. 

Project Cost:	 Not disclosed 

TENNECO SNG FROM COAL —Tenneco, Inc. (C-Sb) 

Tenneco, through subsidiary companies Intake Water Company and Tenneco Coal Company, is acquiring and 
developing resources necessary as feedstocks for a coal gasification plant on the state-line new Wibaux, 
Montana, and Beach, North Dakota. Intake holds 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. The final Environmental Impact Statement for 
the diversion works and the selected reservoir site has been processed by the Bureau of Reclamation, and 
Section 10 and 404 permits have been issued by the Corps of Engineers. Tenneco has concluded 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 gasification plant to produce 280 million cubic feet per thy pipeline quality gas using 
Lurgi coal gasification technology. Feedstock would be approximately 40,000 tom per thy lignite from 
Wibaux County and Golden Valley (North Dakota). The schedule calls for full gas production by the end of 
1994. On March 31, 1981 the Company submitted an application for a loan guarantee for the project to the 
lThlied States Synthetic Fuels Corporation. However, the company has not yet responded to the more recent 
solicitations by the SFC. 

Tenneco filed its latest annual Long-Range Plan in April 1984. 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 percent participant.
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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 Cost:	 $2.8 billion in 1982 dollars. 

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 to 20 tons per day 
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 thy 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, the 
Government of the Federal Republic of Germany,and the State of North Rhine-Westphalla, has been run on 
typical coals from the Ruhr region of Germany on coals from France, South Africa, and North America and 
on coal liquefaction residues. The product gas is used as a feedstock to a variety of chemical synthesis 
processes. Over 70,000 tonnes of coal have been gasified in more than 13,000 hours of real gasification time. 
Several tes t runs lasting up to 30 days have successfully demonstrated continuoim 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 been specified for many projects that propose to produce medium-
BTU gas, methanol, gasoline, hydrogen, and electric power. 

Project Cost	 West German Demonstration Plant Program: $50 million 

TOSCOAL PROCESS DEVELOPMENT — Tosco Corporation (C-900) 

TOSCO has completed development of an atmospheric, low-temperature (800-970°F) coal pyrolysis system, 
named the TCOAL Process, at their 25 tons per thy pilot plant facilities, located new Golden, Colorado 
The TOSCOAL Process is an adaptation of the TOSCO II oil shale retorting process to coal carbonization. 
The process products are char for power plant consumption, high-BTU gas, and oil. Coals tested in the pilot 
plant to date are Wyothk sub-bituminous, Illinois No. 6 bituminous, and Utah bituminous coal. Process 
evaluations show that a plant designed to process nominally 10,000 tons per thy of coal will produce as major 
products 7,800 tons of readily combustible char, 11,500 barrels of hydrotreated oil, 500 barrels of vacuum 
resid and fuel gas. Economic analyses indicate that, relative to coal liquefaction technologies, the capital 
cost per daily barrel of product from the TCOAL Process is substantially less. TOSCO is actively seeking 
industrial and utility participation in the demonstration and commercialization of the T(COAL process. 

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 was retrofitted to an existing 
225 tons per thy ammonia plant. Plant construction was completed in mid-1980. Capital costs total $46 
million. Brown and Root of Houston held the $25.6 million contract for the construction of the eight ton per 
hour coal gasifier. The air separation plant was built by Air Products and Chemicals, Inc. at a cost of $5 
million. The remainder of the work was done by TVA. The coal gasifier can provide 60 percent of the gas 
feed to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural 
gas, if desired. The initial feed to the coal gasifier was Illinois No. 6 seam coal. 
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The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology 
conference in October 1980 and continued in itermittent operation until 1981. However, actual production of 
feed gas for ammonia manufacturer was not accomplished because of mechanical problems. The plant was 
shut down while modifications were made to the gasifier and other downstream processes and equipment. 
The plant was restarted in April 1982. Operations continued intermittently through November 1982 and 
culminated in a 5-day performance test. Although the plant did not meet all the contract performance 
requirements, particularly in the sulfur recovery area, the facility did provide synthesis gas for the 

A . nn r' ammonia. Plant operations continued for 12 days, prior to being shut, down at the end of the 
p -1-- ance test. Total operating time was approximately 1,600 hours. 
The plant was not operated again until July 1983 primarily because of budget limitations. A 5-thy coal test 
was made in July and was followed by a 20-thy test sing EDS residues. The plant was last operated on coal 
in October 1983. TVA is working with the sulfur recovery process developer to bring that unit into contract 
specifications. Plans are to operate the plant in April and again in July 1984. TVA hopes to attract 
additional private sponsors to join the project. 

Project Cost:	 $60 million total 

TWO-STAGE ENTRAINED GASIFICATION SYSTEM - Combustion Engineering, Inc., Electric Power Research 
Institute, and United States Department of Energy (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 consists of a "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 a heating value of 80 to 100 BTU per standard cubic feet is produced. The combustor operates at 
3,000°F and the reductor outlet temperature is 1,8000F. 

Combustion Engineering was awarded a separate contract for the preliminary design of a demonstration per 
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 5,000 hours of operation utilizing coal of which approximately 
3,750 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 percent 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 PDU are being evaluated while other 
gasification activities are proceeding. 
Demonstration Unit - Present Status 

In September 1980, DOE awarded a contract to C-S 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. 
Agreement was reached with DOE to reduce the scope of work in the initial phase. This phase has been 
completed and C-E's design report, including the preliminary cost estimate, has been issued to DOE. C-E has 
not been released by DOE to proceed with the next two phases. 

Project Cost	 Not available 

TWO-STAGE LIQUEFACTION - (See Integrated Two-Stage Liquefaction) 

4-91	 SYNTHETIC FUELS REPORT, JUNE 1984



STATUS OF COAL CONVERSION PROJECTS (Underline denotes changes since March 1984) 

(continued) 

UNION CARBIDE COAL CONVERSION PROJECT - 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 BTU 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. 
The final report has been submitted to the Department of Energy and has been published by the NTIS of the 
United States Department of Commerce. 

Project Cost:	 $3,885,713 (study) 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of 
Energy and University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, 
construction, and operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, 
Minnesota. Foster Wheeler provided the engineering services. The two-stage gasifier utilizes technology 
licensed by Foster Wheeler from Stoic Combustion Ltd. of Johannesburg, South Africa. The 180 BTU per 
standard cubic feet gas is used to fire a boiler for heating/cooling of campus buildings. The process produces 
fuel oil as a coproduct which will be used as boiler fuel during gasifier maintenance. The Stoic gasifier was 
started initially in October 1978. Altogether five different western sub-bituminous coals have been fed to 
the Duluth unit. The heavy coal oil recovered by means of electrostatic precipitation has been stored and 
fired successfully in the University's boilers. The gasifier is now fully operational, and on an extended run 
providing partially the fuel needs for the campus heating plant. 
Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of 
operation. Cooperative agreement with Department of Energy ended August 1982. Plant operation now 
entirely funded by University of Minnesota. 

Project Cost:	 $6,401,557.30; DOE share $2,818,940.00 

VERDIGRIS - Agrico Chemical Company (C-972) 
The project has been proposed to produce 2,400 short tons per day of anhydrous ammonia. Location for the 
proposed plant is Verdigris, Oklahoma (adjacent to Tulsa Port of Catocsa). Construction is estimated to begin 
in 1986 with completion in 1989. Proposed technology for the facility is Texaco gasification and Kellogg 
ammonia synthesis. Feedstock for the plant will be Illinois No. 6 coal. The contractor for the facility will be 
Kellogg Rust, Inc. 
The sponsors submitted a qualification proposal to the SFC under the competitive solicitation for projects 
utilizing bituminous coal from the Eastern Province or eastern region of the Interior Province. However, the 
project was not selected as a qualified bidder under the solicitation. 

Project Cost:	 Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pty. Ltd. (C-975) 
BCLV is constructing a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tom 
per day of dry ash free coal. BCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction 
Company (NBCL), a consortium involving Kobe Steel, Mitsubishi Chemical Industries, Nissho Iwai, idemitsu 
Kosan, and Asia Oil. 
The project is being run as an inter-governmental cooperative project, involving the Federal Government of 
Australia, the State Government of Victoria, and the Government of Japan. The program is being fully 
funded by the Japanese government through the New Energy Development Organization (NEDO). NBCL is 
entrusted with implementation of the entire program, and BCLV will carry out the Australian components. 
The Victorian government is providing the plant site, the coal, and some personnel. 
Construction of the drying, slurrying, and primary hydrogenation sections composing the first phase of the 
project began in November 1981 and was expected to be completed by the early part of 1984. The remaining 
sections, consisting of solvent deashing and secondary hydrogenation, are expected to be completed by March 
1986. The planned life of the pilot plant is five years, with NEDO providing the estimated A$100 million 
necessary to cover operating costs during this period.
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The aim of the pilot plant is to provide data on a Catalytic Solvent Refined coal liquefaction process de-
veloped since 1971 by members of the consortium. Tentative plans call for construction beginning near the 
end of this decade of a demonstration plant consuming about 5,000 tons per day of dry coal equivalent, this 
being the first unit of a six unit commercial plant. 
The pilot plant is being built adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. 
Ltd., is providing the Australian portion of engineering design procurement and construction management of 
the pilot plant. 

Project Cost:	 $A110 Million 

WESTINGHOUSE ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERATION - (See I{RW 
Energy Systems Inc. Advanced Coal Gasification System for Electric Power Generation) 

WHITETI-IORNE COAL GASIFICATION PROJECT - United Synfuels Inc. (United Coal Company) (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 guarantees 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 tons per day of high sulfur Appalachian coal with production of 
30,000 barrels per thy unleaded gasoline. ICI Methanol synthesis and the Mobil-M conversion would be used. 
Under a study co-funded by the Virginia Fuel Conversion Authority, 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. Due to zoning difficulties and the high project cost, the project is on indefinite 
hold. No funding is currently being actively sought. 
United Coal Company is continuing a major research effort to prepare, select, and clean the various types of 
coal acceptable for this synfuels project. The majority of coal characterization and gasifier feedstocks have 
now been optimized. These results confirm Southern Appalachian higher-sulfur coals are excellent gasifier 
feedstocks. The Tennessee Eastman project is currently using the same types of regional coals. 

Project Cost:	 $2.0 billion 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BYRNE CREEK - World Energy, Inc., and Extractive Fuels, Inc. (C-lob) 
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 SEC for loan guarantees and price supports for an underground gasification 
project. According to the original SEC application, the Fischer-Tropsch synthesis would be used for the 
production of ref inable liquids. However, they did not meet the SEC deadline for additional information. The 
project sponsors reapplied for a loan guarantee under the SFCs second solicitation ending June 1, 1982. The 
revised project proposed to utilize UCG technology to produce 14 billion BTU of SNO and 436 barrels of light 
oils per thy. The project did not pass the SF Cs project maturity test. 
Under the SEC's third solicitation, the sponsors proposed to develop an underground coal gasification project 
to produce 198 million KWH annually (450,000 BOE per year) of electricity, 46,000 barrels per year of light 
oils (44,000 BOE per year) and 110,000 tons annually of carbon dioxide. The facility will be located in Uintah 
County, Wyoming near Evanston. Feedstocks will be 614 tons per day coal and 300 tons per thy oxygen. 
Construction is planned for May 1985 pending acquisition of all necessary state permits, with plant start-up 
projected for Spring 1987. In March 1983 the project passed the SEC's maturity review. On May 26, 1983 the 
project passed the SFC strength evaluation and was advanced into Phase If negotiations for financial 
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assistance. Loan and price guarantees were requested. On February 24, 1984 the SFC announced that the 
project had been dropped from further consideration  under the third solicitation. Field drilling has begun for 
data collection on coal and hydrology tests. 

Project Cost:	 $73 million 

UNDERGROUND COAL GASIFICATION - Mitchell Energy and Republic of Texas Coal Company (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 synthesisgas 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 tons per thy will be 
conducted, and if successful, commercial production units of 2,000 tons per thy would begin in 1985. 

Project Cat:	 $809,000 

UNDERGROUND COAL GASIFICATION - United States Department of Energy and University of Texas (Austin) 
(C-1030) 

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 Department of Chemical Engineering, and 
focus on lignite reaction properties, tar cracking, combustion tube studies, block experiments, burning rates, 
and sweep efficiency modeling. 

Project Cost:	 $75,000 Per Year 

UNDERGROUND COAL GASIFICATION, CANADA - Alberta Research Council, Four government agencies, eleven 
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 Cost:	 $10 million for 5-year program 

UNDERGROUND COAL GASIFICATION OF DEEP SEAMS - Groupe dEtudes de Is Gazeification Souterraine 
(GEGS) consisting of Bureau de Recherches Geologiques at Minieres, Charbonnages de France, Gaz de France, and 
Institut Francais du Petrole (C-1160) 

The goal of the GEGS (Study Group on Underground Gasification of Coal) project is to achieve gasification of 
coal at depths of approximately 1,000 meters which is inaccessible, on an economic and human point of view, 
by current mining methods. In France and in west European countries, the coal reserves of this type are 
rather large. In France, they are estimated at about 2 billion tons. The process investigated involves in situ 
gasification with oxygen to obtain a high BTU gas by further enrichment above ground. Because at great 
depth the coal permeability to gas is very low, the process requires a first step of creating a link between the 
two wells of the injection-production doublet.
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The program of research has a total duration of live years, from 1979 to 1984. It includes theoretical studies 
(modelling), laboratory work, and experiments on site. 

The first tests on site were conducted from March 1980 to July 1981 from a deep level of an existing 
conventional mine just before its clesure (Bruay-en-Artois) in the Nord-Pas de Calais mining region. 

The different steps of these tests consisted in: (1) geological and structural appraisal of the site, (2) creating 
a link between the wells by hydraulic fracturing, and (3) initiation of a reverse combustion. 

A new site, operated directly from above ground, was selected in the Nord-Pas de Calais mining region 
(Haute-Deule). Three exploratory wells were drilled at this new site in 1982 and two of them equipped as 
injection-production wells the spacing between these wells is 60 meters. The tests, scheduled to last three 
years, will be more ambitious than at the Bruay site. To date, the two first steps of drilling/geological 
reconnaissance of the site and of creating a link by hydraulic fracturing were achieved with good results. The 
third and fourth steps of reverse combustion and of direct gasification are scheduled to be carried out before 
the end of 1984. 

Additionally, tests have been conducted in 1982 and 1983 in a shallow coal seam in the Loire mining region 
(l'Echaux) to study the technical feasibility of electrolinking. Such a linking was successfully achieved 
between two wells located 10 meters apart. 

The design of a new experimental program is now planned for the gasification of rather thick (about 
10 meters) coal seams of irregular shape at moderate depths (about 500 meters). The linking between the 
wells will be achieved by the technique of horizontal drilling. 

Project Cost (1979-1984): Approximately $US20 million 

UNDERGROUND COAL GASIFICATION, MANNA PROJECT - Rocky Mountain Energy Company and United States 
Department of Energy (C-1050) 

The Linked Vertical Well (LVw) process for underground coal gasification has been under development since 
1972 at a site near Manna, 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 Manna II, the maximum gas production achieved was 11.5 million standard cubic 
feet per day with a heating value of 175 BTU per standard cubic feet (equivalent to 325 barrels of oil per 
day). Manna III, was a two-well pattern (60 feet apart) designed to provide environmental information—
specifically effects to groundwater. Manna IV a three-well pattern which began with air communication tests 
in 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. Manna IV was re-ignited 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 high in the coal 
seam. During the test, gas production of 4,500 standard cubic feet per minute was achieved. The test was 
shut down September 21, 1979 after 21 consecutive days of gasification. Over 16,000 tons of coal were 
gasified in the six tests performed at the Manna site by DOE. Current 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. Pest-burn coring of the Manna II, (phases 2 and 3) and the Manna IV sites has been completed. 
Cores from both sites are being analyzed. Results from these analyses should be available in late 1984. 

Project Cost: $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 
(Funding breakout for subsequent years is not available) 
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UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C-1150) 

A Belgo-German trial project is being held in Belgium at Thulin, in a coal deposit at 860 meter depth. The 
goal of the trials is to create an underground gas generator which can operate at a pressure of 20 to 30 bars. 
Investigation of the potential for developing underground gasification of deposits at great depth was begun in 
Belgium at the end of 1974. The first effort has grown since 1976, when a Belgo-German cooperation 
agreement was signed which resulted in the execution of an experimental underground gasification project 
sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area where the 
deposits are still unworked because of the considerable tectonic disturbances present between the surface and 
the 800 meter level. Work began in 1979 and is planned to continue into 1987. 
The first reverse combustion experiment was executed from April to October 1982 without the formation of a 
linking channel. During the test, ignition of the coal was achieved without any difficulty by injecting high-
pressure compressed air, preheated to between 100 0 and 300°C by means of electric resistances lowered to 
the bottom of the borehole. The test had to be halted due to self-ignition of the coal, after 3.5 days. In 
November 1982 the fire was extinguished by injection of water and nitrogen. 
Before starting a second experiment of reverse combustion, the wells have been restored and various 
improvements were brought to the equipment to eliminate the self-ignition of the coal in the vicinity of the 
Injection hole, to avoid scattering of the fires, and to prevent the accumulation of water at the bottom of the 
gas recovery hole. This second experiment, started in September 1982, is still underway. Due to repeated 
damage of the tubing in the gas recovery well by corrosion, the injection of high pressure air (up to 300 bar) 
had to be interrupted during the months October and November 1983 and at the end of January 1984. 
The last results demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the 
injection well, but after scattering of this fire, the oxygen content of the exhaust gases increased to a level 
where it should be possible to develop again reverse combustion starting from the recovery well. Present 
work tends to verify if this concept can be successful. 
The developers believe that the linkage by reverse combustion will not be sufficiently reliable to support the 
industrial development of underground gasification of deep deposits. Other methods, like drilling of deviated 
boreholes, are under discussion. 

Project Cost:	 $24 million 

UNDERGROUND COAL GASIFICATION, PRICETOWN PROJECT - Consolidation Coal Company, Morgantown 
Energy Technology Center, and United States Department of Energy (C-1070) 

The Morgantown Energy Technology Center is continuing a & D activities to assess the potential of using 
underground coal gasification to provide clean gaseous fuels from Eastern bituminous coals. The overall goal 
for the research oriented project is to establish a data base for the recovery of energy from swelling 
bituminous coals that are presently uneconomical to mine and use by current conventional methods. Current 
emphasis is on the deep, thin seam, swelling, high sulfur bituminous coals located in the eastern half of the 
United States. 
In 1982, a study performed by Williams Brothers Engineering Company for DOE revealed UCG-amenable 
bituminous coal resources in ten states. The report suggested prime target resources for field test sites in 
Illinois, Kentucky, and Ohio. Responses from a widely advertised request for expressions of interest indicated 
high interest in cooperative support for this project, including the states as well as several industrial and 
private concerns. 
The intial site selection effort involved the screening of over forty potential outcrop/highwall and deep seam 
test sites which were recommended by the three states. Evaluation of these sites, using available geographic, 
geologic, and hydrologic data, resulted in a ranking relative to the desirability for use as a test site. Final 
selection will be made upon ascertaining the availability of the sites and the interest in project participation 
by the coal owners. 
Assessing viable quantities of coal in an economically and environmentally acceptable manner must be 
considered thoroughly. Large areas may be required for the eventual commercialization of bituminous coal 
seams and these areas may extend under rough terrain or new regions of relatively high population density. 
Therefore, site selection and characterization is a critical factor prior to the proposed field research 
activities.
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Establishing and maintaining a permeable channel between process wells must be evaluated also. Of prime 
interest is the application of directional drilling techniques to establish long horizontal boreholes within the 
coal seam. By investigating various borehole channel length-to-diameter ratios, a viable channel may be 
established to permit continuous gasification with tar condensation in this swelling resource. Stabilizing the 
link through reverse combustion or electrolinking techniques may also be required. 

A data base will be developed through a coordinated program consisting of (1) supporting research involving 
laboratory studies and modeling, and (2) field tests involving open seam outcrop/highwall tests, and deep seam 
tests. A strong initial federal role is planned however, as the technical risks are reduced, a decreasing 
federal role with an increasing role by the state and industrial participants is anticipated. The METC 
Bituminous UCG Project was funded in fiscal year 1983 and fiscal year 1984 to determine the potential for 
the project, to select a site for field testing, and to establish the supporting research activities. 

Project Costs: $0.450 million, fiscal year 1983 
$0.825 million, fiscal year 1984 

UNDERGROUND COAL GASIFICATION, STEEPLY DIPPING BED PROJECT - Gulf Research & Development 
Company and United States Department of Energy (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 45C) 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, T21N, 1129W. 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 feet utilizing a directionally drilled process well pair with a drilled link between well bases. The 
35 day test included both water/air injection and steam/02 injection phases. According to plan, approxi-
mately 1,200 tons of coal were utilized. During the air gasification phase, product gas quality initially 
climbed to 180 BTU per standard cubic feet and, as expected, gradually declined to the 120-130 BTU range 
over a 21-thy period at production rates between 3,000 and 4,500 standard cubic feet per minute. The five-
thy steam/02 test yielded 230 to 280 BTU per standard cubic feet gas at rates ranging between 2,000 to 
4,000 standard cubic feet per minute. Post-test characterization has been completed and included drill 
coring, sonar measurements, and TV camera logging of the resultant burn cavity. The results or 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 slant injection well on August 23, 1981. 
Operation continued for 40 days with a series of experiments studying the effect of 02 injection rate, 
steam/02 ratio, residence time, and reactor pressure. Product heating value ranged 320 to 400 BTU per SCF 
with 350 to 400 BTU per standard cubic feet maintained over much of the period. Gas quality did not degrade 
as seen in Test 1 and at other sites. About 4,500 tons of coal were gasified in this period. Wet product gas 
rates were 5,000 to8 9 000 standard cubic feet per minute with product/oxygen ratios of 6 to 11 observed. 
Maximum daily coal gasification rates were 210 tons per thy. Operation was then switched to the vertical 
injection well for a 14 day test. In this mode, heating values of 270 to 340 BTU per standard cubic feet were 
observed. Approximately 2,000 tons of coal were gasified during this time with product/oxygen ratios of 3 to 
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 to 200 tons per day and product heating values of 280 
to 350 BTU per standard cubic feet were realized. Project completed 9/30/82. 

No additional field testing has been done since Test 2. Gulf is actively pursuing various routes geared to 
commercialization of UCG, producing either medium heating value fuel gas or converting the gas to liquid 
products. Internal economic studies have shown that UCG fuel gas is competitive on a BTU basis to $3.50 per 
thousand cubic feet natural gas. 

Project Cost:	 $18.25 million 

UNDERGROUND GASIFICATION OF TEXAS LIGNITE, LEE COUNTY PROJECT - Basic Resources, Inc. (C-1095) 

Basic Resources Inc., a wholly owned subsidiary of Texas Utilities, is in the process of obtaining necessary 
state permits for an underground gasification project in Lee County, in central Texas. This project will 
utilize experience gained from previous underground gasification experiments (the Tennessee Colony Project) 
in East Texas. The plan calls for generation of up to 16 million standard cubic feet per day of medium BTU 
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gas using steam and oxygen. The gas is to be used as fuel to drive two internal combustion engines rated at 
4,500 KW each. The project life is expected to be two years. If the various permits are obtained on schedule, 
construction is planned to start early in 1984 with operation to begin early in 1985. 

Project Cost:	 Undisclosed 

UNDERGROUND COAL GASIFICATION, TONO PROJECT - Lawrence Livermore National Laboratory (LLNL), 
Pacific Power and Light, United States Department of Energy, the State of Washington, Washington Irrigation and 
Development Company (WIDCO), (C-1120) 

The Partial Seam GRIP underground coal gasification (UCG) field experiment was carried out at the 
Washington Irrigation and Development Company (WIDCO) Mine near Centralia, Washington in Fall 1983. The 
test was the second in a series of tests known as the Tono Basin Tests. The test was desired to take 
advantage of the high-wall geometry at the mine and was carried out near the earlier Large Block tests, 
which constitute the first Tono Basin Test. The primary goals of the test were to test the controlled 
retracting injection point (CHIP) concept and to further evaluate the site as a potential for future 
development of UCG. 

During the active gasification phase which lasted 30 days 1,400 cubic meters (2,000 tons) of coal were 
affected. The test utilized primarily steam and oxygen as the injected reactants. Access to the 6 meter 
(18 foot) thick high-ash sub-bituminous coal seam was provided by a single slat injetlon well drilled 
274 meters (900 feet) along the bottom of the 14 0 dipping seam. Two production wells were provided, one 
slant and the other vertical. Approximately one-half the coal was gasified while using the vertical production 
well and the other one-half after moving the injection point by means of a controlled burn-out of the 
injection well liner (the GRIP maneuver) and changing production to the slant production well. 

Three distinct periods of gasification were observed. The initial period in which the vertical production well 
was in use which yielded a typical dry gas heating value of 219 kJ/mol (248 BTU per standard cubic feet). 
This period was followed by a period of considerably higher gas quality, 261 kJ/mol (296 BTU per standard 
cubic feet), which resulted from the switch to the slant production well and the GRIP maneuver. The final 
period began when a large-scale underground roof fall occurred and the typical dry gas heating value fell to 
194 RJ/mol (220 BTU per standard cubic feet). 

Project Cost:	 $4.2 million for the CR1? test 

UNDERGROUND COAL GASIFICATION, THUNDERBIRD 11 PROJECT - In Situ Technology, Inc. and Weld-Jenkins 
(C-1140) 

The project, located in Johnson and Campbell OGunties, Wyoming on a 23,000 acre preference right coal 
lease application, is proceeding with plans for field demonstration of second generation UCG technology 
designed by In Situ Technology, Inc. Unlike other processes, this approach uses injected air rather than 
oxygen. Price guarantees were requested from the United States Synthetic Fuels (SFC) under the third 
solicitation. However, the project did not pass the SFC's project maturity evaluation. Additional equity 
sponsors will be sought. Initial estimates show ROl of up to 45 percent, continent upon total project 
completion within budget. 

Construction is planned to begin on the first of 12 modules 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 thy of SNG. 
Future modules,to be built over a span of 12.5 years, will include methanol synthesis and units to produce 
gasoline, as well as 514G. 

Weld-Jenkins continues its long-standing negotiations with the Bureau of Land Management for the 
preferential right coal lease. 

Project Cost: 	 SNG Production:	 $57 million per train 
Methanol Production:	 $62 million per train 
Gasoline Production:	 $66.2 million per train 
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Beluga Methanol Project Cook Inlet Region, Inc. December 1983; page 477 
Placer U. S. Inc. 

Breckinridge Project Bechtel Petroleum, Inc. December 1983; page 4-78 

Chemically Active Fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 
Project utility companies) 

Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Crow Indian Coal Gasification Crow Indian Tribe December 1983; page 4-84 
Project United States Department of Energy 

Emery Coal Conversion Project Emergy Synfuels Associates: December 1983; page 4-84 
Mountain Fuel Supply Company 
Mono Power Company 

Florida Power Combined Cycle United States Department of Energy December 1993; page 4-87 
Project Florida Power Corporation 

Gas Turbine Systems Development Curtiss-Wright Corporation December 1983,; page 4-87 
United States Department of Energy 
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Grefeo Low-BTU Project United States Department of Energy December 1983; page 4-91 
General Refractories Company 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
United States Department of Energy 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 
Latrobe Valley Coal Lique- Rheinische Braunkohlwerke AG December 1983; page 4-96 

faction Project 
LC-Fining Processing of SRC Cities Service Company December 1983; page 4-96 

United States Department of Energy 
Low/Medium-BTU Gas for Mulit- Bethlehem Steel Company	 December 1983; page 4-98 

Company Steel Complex United States Department of Energy 
Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Mapco Coal-to-Methanol Project Mapco Synfuels	 December 1983; page 4-98 
Medium-BTU Gasification Project Houston Natural Gas Corporation	 December 1983; page 4-99 

Texaco Inc.
Minnegasco Peat Gasification 

Project
December 1983; page 4-101 United States Department of Energy 

Gas Research Institute 
Institute of Gas Technology 
Minnesota Gas Company 
Northern Natural Gas Company 
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Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

NASA Lewis Research Center NASA Lewis Research Center December 1983; page 4-102 
Coal-to-Gas Polygeneration 
Power Plant 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
E G & G 
Westinghouse Corporation 
United States Department of Energy

- 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 
North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 

Project Minnesota Gas Company 
Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light 

Ott Hydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Purged Crbons Project Integrated Carbons Corporation December 1983; page 4-108 
Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 
Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 

Mobil-M Plant 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 
Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 

Hoe Creek Project United States Department of Energy

Underground Coal Gasification 	 ARCO	 December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of 	 Basic Resources, Inc.	 December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project 

Underground Gasification of	 Texas A & M University	 December 1983; page 4-121 
Texas Lignite
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AC Valley Corporation 

AECI Ltd. 

Agrico Chemical Company 

Air Products and Chemicals, Inc. 

Alberta Gas Chemicals, Inc. 

Alberta Research Council 

Allis-Chalmers 

American Natural Resources 

American Natural Service Company 

Amerigas, Inc. 

AMTAR, Inc. 

Anaconda Minerals Company 

ANR Gasification Properties Company 

Artsaldo 

Applied Energetics, Inc. 

Arkansas Power & Light Company 

ASEA AB 

Asia Oil 

Australia, Federal Government of 

Australian Coal Corporation 

Babcock Woodall-Duckham Ltd. 

Baltimore Gas and Electric 

Basic Resources, Inc. 

Bechtel Inc. 

Belgium, Government of 

Big Three Industries 

Black, Sivalls & Bryson, Inc. 

The SOC Group plc

Project Name Page 

AC Volley Corporation Project $59 

AECI Ammonia/Methanol Operations 4-59 
Coalplex Project 4-65 

Verdigris 4-92 

Laporte Liquid Phase Methanol Synthesis 4-78 
North Alabama Coal Gasification Project 4-83 
Solvent Refined Coal Demonstration Plant (SRC-1) 4-88 

Ohio I Coal Conversion 4-84 

Underground Coal Gasification, Canada 4-94 

KILnGAS Project 4-76 

Great Plains Gasification Project 4-71 

Mining and industrial Fuel Gas Group Gasifier 4-80 

Mining and industrial Fuel Gas Group Gasifier 4-80 

Alabama Synthetic Fuels Project 4-60 

EIJS Process 4-68 

Great Plains Gasification Project 4-71 

Fiat/Ansaldo Project 4-69 

Alabama Synthetic Fuels Project 4-60 

Central Arkansas Energy Project 4-63 

Nynas Project 4-84 

Victoria Brown Coal Liquefaction Project 4-92 

Victoria Brown Coal Liquefaction Project 4-92 

Millmerran Coal Liquefaction Project 4-79 

Slagging Gasification Consortium Project 4-88 

KILnGAS Project 4-76 

Underground Gasification of Texas Lignite, 4-97 
Lee County Project 

Cool Water Coal Gasification Project 4-65 
Mining and Industrial Fuel Gas Group Gasifier 4-80 

Underground Coal Gasification, Joint Belgo-German Project 4-96 

Slating Gasification Consortium Project 4-88 

Mining and Industrial Fuel Gas Group Gasifier 4-80 

Slagging Gasification Consortium Project 4-88
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B? Australia Monash Hydroliquef action Project 4-81 

British Department of Energy National Coal Board Liquid Solvent Extraction Project 4-82 
National Coal Board Low-BTU Coal Gasification Project 4-82 

British Gas Corporation Slagging Gasification Consortium Project 4-88 
Slogging Gasifier Project 4-88 

Broken Hill Pty. Broken Hill Project 4-62 

Brookhaven National Laboratory Flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4-70 

Brown Coal Liquefaction Pty. Ltd. Victorian Brown Coal Liquefaction Project 4-92 

Burlington Northern, Inc. Circle West Project 4-64 
Mining and Industrial Fuel Gas Group Gasifier 4-80 

Bureau de Recherches Geologiqueg Underground Coal Gasification of Deep Seams 4-94 
at Minieres 

Can-Do, Inc. Can-Do Project 4-62 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-73 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-62 

CBI Industries, Inc. Memphis Industrial Fuel Gas Project 4-79 

Central Illinois Light Co., Inc. KILnOAS Project 4-76 

Central Maine Power Central Maine Power Compan?s Sears Island Project 4-63 

Cerehar Mazingarbe Coal Gasification Project 4-79 

Charbonnages do France Mazingarbe Coal Gasification Project 4-79 
Underground Coal Gasification of Deep Seams 4-94 

Cities Service Integrated Two-Stage Liquefaction 4-74 

Cives Corporation Memphis Industrial Fuel Gas Project 4-79 

Cleveland-Cliffs Iron Company Mining and Industrial Fuel Gas Group Gasifier 4-80 

Coal Gasification COGA-1 Project 4-65 

Combustion Engineering Two-Stage Entrained Gasification System 4-91 

Consolidation Coal Company Slugging Gasification Consortium Project 4-88 
Underground Coal Gasification, Pricetown Project 4-96 

Consumers Power Company KILnGAS Project 4-76 

CRA (Australia) Kloechner Coal Gasifier 4-77 

Crow Indian Tribe Crow Indian Coal-to-Gasoline Project 4-66 

CSR Ltd.	 . Australian SRC Project 4-61 

Davy McKee Corporation Mining and Industrial Fuel Gas Group Gasifier 4-80 

Deutsche Babcock AG Huenxe COT Coal Gasification Pilot Plant 4-73
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DEVCO Scotia Coal Synfuels Project 4-87 

Dow Chemical Arkansas Lignite Conversion Project 4-60 
Dow Coal Liquefaction Process Development 4-67 
Dow Gasification Process Development 4-67 
Dow Syngas Project 4-67 

Dravo Engineers and Constructors Mining and Industrial Fuel Gas Group Gasifier 4-80 

Ebasco Services, Inc. Chiriqui Grande Project 4-64 

Electec, Inc. Arkansas Lignite Conversion Project 4-60 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 459 
Cool Water Coal Gasification Project 4-65 
EDS Process 4-68 
KILnGAS Project 4-76 
Laporte Liquid Phase Methanol Synthesis 4-78 
Mining and Industrial Fuel Gas Group Gasifier 4-80 

- Two-Stage Entrained Gasification System 4-91 

Elgin Butler Brick Company National Synfuels Projects 4-82 

Empire State Electric Energy Cool Water Coal Gasification Project 4-65 
Research Corporation (EERCO) 

ENEL (Italian State Utility) Fiat/Ansaldo Project 4-69 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-82 
Peat Methanol Associates Project 4-85 

Enreeon, Inc. Enrecon Coal Gasifier 4-68 

EM EDS Process 4-68 

ETCO Methanol Inc. Peat Methanol Associates Project 4-85 

European Economic Community Mazingarbe Coal Gasification Project 4-79 
Underground Coal Gasification, Joint Belgo-German Project 4-96 

Extractive Fuels Inc. Underground Coal Gasification, Byrne Creek 4-93 

Exxon Company, USA Exxon Catalytic Gasification Process Development 4-69 
EDS Process 4-68 

Fiat TTG FiatJAusaldo Project 4-69 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4-78 
Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-81 

Foster Wheeler Energy Corporation Memphis Industrial Fuel Gas Project 4-79 

Gas Development Corporation Mazingarbe Coal Gasification Project 4-79 

Gas Research Institute Exxon Catalytic Gasification Process Development 4-69 

Gaz de France Underground Coal Gasification of Deep Seams 4-94 

Gelsenberg AG Huenxe CGT Coal Gasification Pilot Plant 4-73 

General Electric Company Central Maine Power Company's Sears Island Project 4-63 
Cool Water Coal Gasification Project 4-65 
IGCC Simulation 4-74
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Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-87 

Government of South Australia South Australian Coal Gasification Project 4-89 

Great Lakes International Memphis Industrial Fuel Gas Project 4-79 

Great Plains Gasification Associates Great Plains Gasification Project 4-71 

Group d'Etudes do Is Gazeification Underground Coal Gasification of Deep Seams 4-94 
Souterraine (GEGS) 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-87 

Gulf Research & Development Corp. Underground Coal Gasification - Steeply Dipping Bed 4-97 

Gulf States Utilities Company Gulf States Utilities Project 4-72 

Hanna Mining Company Mining and Industrial Fuel Gas Group Gasifier 4-80 

Roffman, E. J. King-Wilkinson/Hoffman Project 4-77 

Houston Natural Gas Corp. Memphis Industrial Fuel Gas Project 4-79 
North Alabama Coal Gasification Project 4-83 

I-Iowmet Aluminum Corporation Howmet Aluminum Project 4-73 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4,-92 

Illinois Power & Light Company KILnGAS Project 4-76 

Illinois, State of KILnGAS Project 4-76 

Ingersoll-Rand Company Memphis Industrial Fuel Gas Project 4-79 

Institute of Gas Technology Mazingarbe Coal Gasification Project 4-79 

lrtstitut Francais du Petrole Underground Coal Gasification of Deep Seams 4-94 

In Situ Technology Inc. Underground Coal Gasification Thunderbird II Project 4-98 

International Coal Refining Co. Solvent Refined Coal Demonstration Plant (SRC-1) 4-88 

International Paper Company Arkansas Lignite Conversion Project 4-60 

Iowa Power & Light Company KILnGAS Project 4-76 

Japan, Government of Victoria Brown Coal Liquefaction Project 4-92 

Japan Coal Liquefaction Development EDS Process 4-63 

Japan Cool Water Program Cool Water Gasification Project 4-65 
(JCWP) Partnership 

Johnstown Area Regional Industries Keystone Project 4-76 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-78 
System for Electric Power Generation 

Kentucky, Commonwealth of Solve-it Refined Coal Demormtrátion Plant (SaC-I) 4-88 

KILnGAS R & D, Inc. KILnGAS Project 4-76
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King-Wilkinson, Inc. King-Wilkinson/Hoffman Project 4-77 

Kloeckner-Humboldt-Deutz AG Lulea Molten Iron Pilot Plant 4-78 

Kiochner Kohiegas Kiochner Coal Gasifier 477 - 
Penn/Sharon/Klockner 4-85 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-92 

KRW Energy Systems Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-78 
System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - Tone Project 4-98 

Lummus Company Integrated Two-Stage Liquefaction 474 

Lurgi Kohie & Mineraloltectinik, GmbH Hydrogasification of Coal to 5KG 4-73 

Manfred Nemitz Industrieverwaltung Huenxe CGT Gasification Pilot Plant 473 

MCN Coal Gasification Company Great Plains Gasification Project 4-71 

Memphis Light, Gas and Water Memphis Industrial Fuel Gas Project 4-79 

Meridian Land and Mineral Company Circle West Project 4-64 

Michigan Wisconsin Pipe Line Co. Great Plains Gasification Project 4-71 

MidCon Corporation Great Plains Gasification Project 4-71 

Middle South Utilities Arkansas Lignite Conversion 4-60 

Mitchell Energy Underground Coal Gasification 4-94 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-92 

Mitsui Coal Development Pty. Australian SRC project 4-61 

Monash University Monash Hydroliquef action Project 4-81 

Monongahela Power Company KILnGAS Project 4-76 

Morgantown Energy Technology Center Underground Coal Gasification - Pricetown Project 4-96 

Mountain Fuel Resources, Inc. Mountain Fuel Coal Gasification Process 4-31 

National Coal Board Liquid Solvent Extraction Project 4-82 
Low-BTU Gasification Project 4-82 

National Synfuels Inc. National Synfuels Projects 4-82 

Natural Gas Pipeline Co. of America Great Plains Gasification Project 4-71 

New Energy Development Organization Japanese Bituminous Coal Liquefaction Project 4-76 

Nippon Brown Coal Liquefaction Co. Victoria Brown Coal Liquefaction Project 4-92 

Nissho Iwai Victoria Brown Coal Liquefaction Project 4-92 

Nitrogenous Fertilizers Industry SA Greek Lignite Gasification Complex 4-72 

Nokota Company Dunn Nokota Methanol Project 4-68
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North Alabama Coal Gasification North Alabama Coal Gasification Project 4-83 

North American Coal Corporation Ohio I Coal Conversion 4-84 

North-Rhine Westphalia, State of Bottrop Direct Coal Liquefaction Pilot Plant 4-62 

NOVA Scotia Coal Synfuels Project 4-87 

Nova Scotia Resources Limited Scotia Coal Synfuels Project 4-87 

Nynaes Petroleum Nynas Project 4-84 

Ohio Edison Company I{ILnGAS Project 4-76 

Otto, Dr. Carl and Company Saarberwerke-Otto Gasification Process 4-86 

Pacific Lighting Corporation Great Plains Gasification Project 4-71 

Pacific Power and Light Underground Coal Gasification, Tone Project 4-98 

Pacific Synthetic Fuel Company Great Plains Gasification Project 4-71 

Peabody Coal Company North Alabama Coal Gasification Consortium Project 4-83 

Peat Methanol Associates Peat Methanol Associates Project 4-84 

Pennsylvania Engineering Corporation Penn/Sharon/Klockner Project 4-85 

Peoples Natural Gas Company Mining and Industrial Fuel Gas Group Gasifier 4-80 

Petro-Canada Scotia Coal Synfuels Project 4-87 

Phillips Coal Company EDS Process 4-68 
Phillips Coal Gasification Project 4-86 

Pickands Mather & Company Mining and industrial Fuel Gas Group Gasifier 4-80 

Potomac Edison Company KILnGAS Project 4-76 

Public Service of Indiana KILnGAS Project 4-76 

Public Service of Oklahoma KILnGAS Project 4-76 

Raymond International North Alabama Coal Gasification Project 4-83 

Republic of Texas Coal Company Underground Coal Gasification - Mitchell Energy 4-94 

Reserve Mining Company Mining and Industrial Fuel Gas Group Gasifier 4-80 

Rheinische Braunkohlwerke Hydrogasification of Coal to SNG 4-73 
Rheinbraun High Temperature Winkler Project 4-88 

Riley Stoker Corporation Mining and Industrial Fuel Gas Group Gasifier 4-80 

Rockwell International Cities Service/Rockwell Process Development 4-64 

Rocky Mountain Energy Company Mining and industrial Fuel Gas Group Gasifier 4-80 
Underground Coal Gasification - Hanna Project 4-95 

Royal Dutch/Shell Group Shell Coal Gasification Project 4-87 

Ruhrgas AG Ruhr 100 Project 4-86
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Ruhrkohle AG EDS Process 4-68 
Ruhr 100 Project 4-86 
Texaco Coal Gasification Process Development 4-90 

Rtthrkohle Oil & Gas GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-62 
Oberhausen Coal Gasification Project 4-84 

Ruhrchemie AG Oberhausen Coal Gasification Project 4-84 
Texaco Coal Gasification Process Development 4-90 

Saarbergwerke AG GFK Direct Liquefaction Project 4-71 
Saarbergwerke-Otto Gasification Process 4-87 

Sasol Limited Sasol Two and Sasol Three 4-87 

Scrubgrass Associates Serubgrass Project 4-87 

Sentrachem Coalplex Project 4-65 

Sharon Steel Corporation Penn/Sharon/Klockner Project 4-85 

Shell Oil Company Shell Coal Gasification Project 4-87 

Signal Companies, The Keystone Project 4-76 
Northern Peat Energy Project 4-84 

Southern California Edison Cool Water Coal Gasification Project 4-65 

Standard Oil Company of Ohio Beacon Process 4-61 
Cool Water Coal Gasification Project 4-65 

Steag AG Ruhr 100 Project 4-86 

Stearns-Roger Incorporated Bi-Gas Project 4-61 

Stone & Webster Engineering Group Central Maine Power Company's Sears Island Project 4-63 
Mining and Industrial Fuel Gas Group Gasifier 4-80 

Storstockholms Energi 	 - Nynas Project 4-84 

Sutherland, Jack B. Peat Methanol Associates Project 4-95 

Sumitomo Metal Industries, Inc. Lulea Molten Iron Pilot Plant 4-78 

Tenneco, Inc. Great Plains Gasification Project 4-71 
SNG from Coal 4-89 

Tenneco SNG Inc. Great Plains Gasification Project 4-71 

Tennessee Eastman Company Chemicals From Coal 4-63 

Tennessee Gas Pipeline Company Great Plains Coal Gasification Project 4-71 

Texaco Inc. Central Maine Power Company's Sears Island Project 4-63 
Cool Water Coal Gasification Project 4-65 
Texaco Coal Gasification Process Development 4-90 

TOSCO Corporation TOSCOAL Process Development 4-90 

Transco Companies, Inc. Great Plains Gasification Project 4-71 

Transco Coal Gas Company Great Plains Gasification Project 4-71
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Company or Organization	 Project Name	 Page 

Transco Peat Methanol Company Peat Methanol Associates Project 

Transcontinental Pipe Line Corporation Great Plains Coal Gasification Project 

Trans World Resources Crow Indian Coal-to-Gasoline Project 

TRW, Inc. Beacon Process 

Twin Cities Metallurgical Mining and industrial Fuel Gas Group Gasifier 
Research Center 

TVA North Alabama Coal Gasification Project

4-85 

4-71 

4-66 

4-61 

4-80 

TVA Ammonia-From-Coal Project  

Rheinbraun High Temperature Winkler Project 

Union Carbide Coal Conversion Project 

KILnGAS Project 

Whitethorne Coal Gasification Project 

Whitethorne Coal Gasification Project 

University of Minnesota Low-BTU Gasifier for Commercial Use 

Gasification Environmental Studies 

Underground Coal Gasification 

Mining and industrial Fuel Gas Group Gasifier 

Advanced Coal Liquefaction Pilot Plant 
BI-GAS Project 
Cities Service/Rockwell Process Development 
EDS Process 
Flash Pyrolysis of Coal With Reactive and Non-Reactive Gases 
lntegraged Two-Stage Liquefaction 
KRW Advanced Coal Gasification System for 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 
Mining and Industrial Fuel Gas Group Gasifier 
Mountain Fuel Coal Gasification Process 
Solvent Refined Coal Demonstration Plant (SRC-I) 
Two-Stage Entrained Gasification System 
University of Minnesota Low-BTU Gasifier for 

Commercial Use 

Underground Coal Gasification 
Manna Project 
Pricetown Project 
Steeply Dipping Bed Project 
Tono Project 
University of Texas 

Chiriqui Grande Project 

Mining and Industrial Fuel Gas Group Gasifier 

Bottrop Direct Coal Liquefaction Pilot Plant Project 

Uhde Gmbl-I 

Union Carbide Corporation 

Union Electric Company 

United Coal Company 

United Synfuels Inc. 

University of Minnesota 

University of North Dakota 

University of Texas 

USBM -Twin Cities Metallurgical 
Research Center 

United States Department of Energy 

United States State Department 

U.S. Steel Corporation 

Veba Oil GmDH

4-83 
4-90 

4-86 

4-92 

4-76 

4-93 

4-93 

4-92 

4-70 

4-94 

4-80 

4-59 
4-61 
4-64 
4-68 
4-70 
4-74 

4-63 
4-78 
4-80 
4-81 
4-88 
4-91 

4-92 

4-95 
4-96 
4-97 
4-98 
4-94 

4-64 

4-80 

4-62 

4-108	 SYNTHETIC FUELS REPORT, JUNE 1984 



Company or Organization 

Veg-Gasinstituut 

Victoria, State Government of 

Washington Irrigation & Development 

Washington, State of 

Wentworth Brothers 

Western Energy Company 

West German Federal Government 

Project Name

Mazingarbe Coal Gasification Project 4-19 

Victoria Brown Coal Liquefaction Project 4-92 

Underground Coal Gasification, Tono Project 4-98 

Underground Coal Gasification, Tono Project 4-98 

Ohio I Coal Conversion 4-84 

Mining and Industrial Fuel Gas Group Gasifier 4-80 

Kloeckner Coal Gasifier 4-77 
Texaco Coal Gasification Process Development 4-90 
Underground Coal Gasification, Joint Belgo-German Project 4-96 

Hydrogasification of Coal to SNG 4-13 
Rheinbraun High Temperature Winkler Project 4-86 
Ruhr 100 Project 4-86 

KILnGAS Project 4-76 

Fiat/Ansaldo Project 4-69 
Gulf States Utilities Project 4-72 
Keystone Project 4-76 
Westinghouse Advanced Coal Gasification System 

for Electric Power Generation 4-78 

Mining and Industrial Fuel Gas Group Gasifier 4-80 

Northern Peat Energy Project 4-84 
Solvent Refined Coal Demonstration Plant (SRC-1) 4-88 

Underground Coal Gasification, Thunderbird II Project 4-98 

Underground Coal Gasification, Byrne Creek 4-93

West German Federal Ministry for 
Research & Technology 

West Penn Power Company 

Westinghouse Electric 

Weyerhaeuser 

Wheelabrator-Frye 

Wold-Jenkins 

World Energy, Inc.
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RECENT COAL PUBLICATIONS 

Albal, Rajendra, et al, "investigations of Reactor Performance, Role of Inherent Catalysts, Hydrogen Donor Solvents 
and PCT Properties of Coal Liquids and Slurries," University of Pittsburgh, October 1983. 

Alger, J.R.M., at al, "The Cool Water Coal Gasification Project and its Industrial Applications," General Electric. 

The following papers were presented at the American Chemical Society meeting held in St. Louis, Missouri on April 
1984:

Van Heck, K. H., at al, "Recent Results of the Kinetics of Coal Pyrolysis and Hydropyrolysis and Their 
Relationship to Coal Structure." 

Ohrbach, K. H., et al, "Simultaneous Thermoanalytical and Mass Spectrometric Investigations of Volatile 
Compounds Evolved from Mineral Coal up to a Temperature Range of 1800 K." 

Rose, G. IL, at al, "The Preparation and Pyrolysis of 0- and C-Benzylated Illinois No. 6 Coal." 

Griffith, L. L., et alt, "Chemical Fundamentals of Coal Char Formation." 

Serio, M. A., et al, "Global Kinetics of Primary and Secondary Reactions in Hydrocarbon Gas Evolution 
from Coal Pyrolysis." 

Vastola, F. J., "Thermal Effects on the Rapid Devolitization of Coal." 

Hamblen, D. G., 'The Variation of Coal Pyrolysis Behavior with Rank." 

Graff, it A., at al, "Coal Liquefaction by Steam Pyrolysis." 

Seradeldin, M. A., "Coal: Kinetic Analysis of Thermogravimetric Data-OD." 

Ballantyne, A., et al, "Cold Atmosphere Pyrolysis of Pulverized Coal Using 10.6 M Laser Heating." 

Sundaram, M. S., "Enhanced Ethylene Production Via Flash Methanolysis of Coal." 

Morgan, M. B., at al, "Role of Exchangeable Cations in Concurrent Gasification/Pyrolysis of Lignites." 

Shadman, F., at alt, "Definition and Determination of the Intrinsic Rate of Catalyzed Boudouard 
Reaction." 
Marsh, H., at al, "Influence of Coke Structure on Gasification Kinetics and Selective Gasification." 

Nayalc, It V., at al, "Catalyzed Carbon Gasification: Thermal Resorption Studies on Carbon-Oxygen 
Surface Complexes." 

Kikuchi, K, at al, "Gasification of Active Carbon with Alumina-Supported Potassium Carbonate 
Catalyst." 

Zur Loye, H. C., at al, "Gasification of Carbon Using Calcium Oxide." 

Tysoe, W. T., et al, "The Adsorption and Catalyzed Reactions of CO and CO 2 on Graphite Surfaces." 

Juntgen, IL, "Kinetics and Mechanism of Catalytic Gasification of Coal." 

Yuh, S. J., et al, "FTIR Studies of the Effect of Alkali Metal Salts and the Use of Alkali Metal Chlorides 
in the Catalytic Gasification of Coal Chars." 

Solomon, P. B., at al, "Relation Between Hydrocarbon Structure and Fragments Produced in Pyrolysis." 

Debelajc, K. A., "Influence of Particle Structure on the Rate of Gas-Solid Gasification Reaction,." 

Farnum, S. A., et al, "Low-Rank Coal Liquefaction H-Donor Studies Using Hydrogen." 

Padrick, T. D., at alt, "Inference of Sub-Bituminous Coal Structure from Liquefaction of Wyodak Coal in 
Model Solvents." 

Miller, R. L., "Thermal Reactivity Studies of Solvent Refined Coal." 

Lances, F. M., at al, "Analysis of Resins in High-Ash Coal-Derived Products." 

Yaal, N. F., et al, "Oxygen Absorption and Light Scattering Studies of the Stability of Liquid Fuels." 

Baltisberger, R. J., at al, "Evaluation of Oligomeric Models of Coal Asphaltenes and Preasphaltenes as 
GPC Calibration Standards." 

Joseph, B., at al, "Experimental and Modeling Studies in Fixed-Bed Coal Gasification." 

Andrews, Richard 0., at al, "Performance of a Western United States Sub-Bituminous Coal in Fixed-Bed Gasifiers," 
AIChE Winter National Meeting, March 1984. 

Austin, D. A., at al, "Energy Efficient Evaporation of Synthetic Fuel Wastewater," 1983 Annual Meeting of AIChE. 
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Barker, Ray B., et al, "Aspen Modeling of the Tri-State indirect Liquefaction Process," Oak Ridge National 
Laboratory. 

Bass Ill, J. W., at al, "Operating Experience at TTh's 20 MW AFBC Pilot Plant," March 1984. 

Bivens, William M., at al, "Cost Estimates for a Commercial Scale Synfuel Project, TVA, February 1984. 

Blackwell, Leonard T., et al, 'The Mansfield Two-Stage, Low BTU Gasification Systems." 

Blake, D. 0., at al, "Coal Liquid Mixtures - The New Synfuels," NUS Corporation, February 1984. 

Bodnaruk, B. J., "The Great Plains Coal Gasification Project," Department of Energy, February 1984. 

Buchanan, M. V., et al, "Chemical Composition of Tumorigenic and Mutagenic Fractions of Two Coal Liquids," 
January 1984, Oak Ridge National Laboratory. 

Federal-State Coal Advisory Board Meeting Minutes, December 7, 1983. 

"Coaltech Australia '83" Proceedings, October 4, 1983, Volumes 1 and 2. 

Coffin, John M., "Industrial Coal Gasification: Technology, Applications and Economics," AIChE Winter Meeting, 
March 1984. 

Davy McKee Corporation, "Laboratory Investigation of Briquettes, Wafers, and Pellets from Coal Fines for Fixed-
Bed Gasification," March 1983. 

Deacon, James S., "Status Report on the KILnGAS Commercial Module Coal Gasification Project and Future 
Commercial Applications for the Technology," Allis-Chalmers, February 1984. 

Elmquist, S. A., at al, "Developmental Research Study of Coal Pines Agglomeration for Fixed-Bed Gasification," 
Davy McKee Corporation, May 1983. 

The following papers were presented at the Energy Techology Conference held on March 19, 1984 in Washington, 
D.C.:

Schindler, H., "Current Status of the integrated 2-Stage Liquefaction Process." 
Hippo, E., "Hill's Advanced Catalytic Coal Liquefaction Technology—A Status Report." 
Schehi, R., "Overview of indirect Liquefaction Processes and Prospects." 
Lee, W., "Transportation Fuels from Synthesis Gas Via the ZSM5 Catalyst." 
Sandstron, W., "High Pressure Ash-Agglomerating Coal Gasification." 
Brown, W., "Synfuels Place New Demands on Acid Gas Removal." 
Blumenthal, J., "Tandem Reactor Testing of BEACON System." 
Reed, T., "Status Report on Cool Water Project." 
Hill, R., "A Market Analysis for IGCC." 
Corman, J., "IGCC Dynamic Performance." 
Campbell, H., "The Fixed Bed Gasifier—Past, Present and Future." 
Patel, J., "Update of the U-Gas Proces Memphis Project." 
Soriano, A., "Commercial Development of a Large-Scale Coal Gasification System Designed to Produce 
Low BTU Gas." 

Electric Power Research Institute, "H-Coal and Coal-to-Methanol Liquefaction Processes: Process Engineering 
Evaluation," November 1983. 

Electric Power Research Insitute, "Fine-Tuning Large Hydro," March 1984. 

Fabuss, Bela M., at a!, "Environmental Permitting of a Low-BTU Coal Gasification Facility." 

Fan, L. T., "Stochastic Study of Local Fluctuations Around the Distributor in a Fluidized Bed Gasifier," September 
1983, Kansas State University.
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Fletcher, G. N., at al, 'Review of Particle Size Reduction Systems for New Energy Source Applications," Energy-
Sources Conference, February 1984. 

Gallier, P. W., "Development of a Reference Data System for the Liquefaction Technology Data Base," October 
1983, Aspen Technology. 

Garey, M. P., "Advancement of Peat Hydrogasification," Fossil Energy, July 1983. 

General Services Administration, "Coal Liquefaction Facility Marshall County, West Virginia," Public Auction, July 
11, 1984. 

Ho, C. H., "Upgrading Coal-Derived Liquids by Means Other Than Hydrotreatment," February 1984, Oak Ridge 
National Laboratory. 

Jones, Fred L., "Load Following Response Characteristics of a Fixed Bed Gasifier," Energy-Sources Conference, 
February 1984. 

Kaiser, Robert, et at, "Efficient Cogeneration Utilizing Low BTU Producer Gas in Large Medium Speed Diesel 
Engines," AIChE Meeting, March 1984. 

Krumpelt, M., at at, "Molten Carbonate Fuel Cells for Coal and Natural Gas Fuels," American Society of Mechanical 
Engineers. 

Lebowitz, H. E., at at, "Power Generation with Synthetic Liquid Fuels," AIChE Meeting, March 1984. 

Leppin, Dennis, et at, 'Technology and Economics of Fluidized Bed Catalytic Coal Gasification for SNG 
Manufacture," Synfuell Third World Symposium, November 1983. 

Linowes, David F., et at, "Fair Market Value Policy for Federal Coat Leasing," February 1984. 

Martin, W. FL, "Forest Communities of the SRC-1 Demonstration Plant Site," International Coal RefIning, October 
1983. 

Miercort, Clifford R., "Potential and Economics of Texas Lignite," presented at the American Mining Congress 
Conference, May 1984. 

National Coal Association, "Coal Markets in the Future." 

Pohani, B. P., "Economics of Texaco Gasifier for Gasification of Coal to Hydrogen," Pan-Pacific Synfuels 
Conference, Tokyo 1982. 

Regle, Homer Verne, "Materials Evaluation at the H-Coal Pilot Plant," Fossil Energy, August 1983. 

Rich, John 0., et at, 'The iUL.nGAS System—An Alternative Fuel Source for Combined-Cycle Plants Currently 
Using Oil or Gas," AIChE Winter Meeting, March 1984. 

Schindler, Harvey D., at at, "Current Status of the Integrated Two-Stage Liquefaction (118W Process." 

Schreiber, Henry, et at, "Field Tests of Coal-Derived Liquid Fuels in Utility Power Generation Equipment," EPRI, 
February 1984. 

Heitz, W. L., "Applicability of the Shell Coal Gasification Process (SCGP) to Low Ranked Coals," AIChE Meeting, 
March 1984. 

Sullivan, It F., "Refining and Upgrading of Synfuels from Coal and Oil Shales by Advanced Catalytic Processes," 
Chevron Research Company, December 1983. 

Tatib, Abu, et at, "Assessment of H-Coal Process Developments: Impact on the Performance and Economics of a 
Proposed Commercial Plant," Mitre Corporation, January 1984. 

Tamhankar, Satish S., et at, "Experimental Studies on the Control of Hydrocarbons Emission from a Gasifier," 
February 1983, West Virginia University. 

Ralph M. Parsons Company, "Reductagas Process," Preliminary Analysis. 
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United States Department of Energy: 

"Liquid Fossil Fuel Technology," September 1983. 
"Clean Energy from Coal: Domestic Resources for America's Energy Future." 
"Construction Materials for Coal Conversion." 
"A Study of Two-Phase Flow in a Direct Coal Liquefaction Preheater." 
'The Wilsonville Advanced Coal Liquefaction Research and Development Facility." 
"University of Kentucky Chemical Engineering Department Evaluation of Reverse Osmosis Treatment of 
Treated H-Coal Wastewater." 

United States Department of the Interior: 

"Review of Federal Coal Leasing." 
"Resource Management Plan." 
"Final Southern Appalachian Regional-Coal Environmental Impact Statement-IL" 
"Powder River Resource Area Resource Management Plan - Miles City District." 
"San Juan River Regional Coal Environmental Impact Statement." 
"San Juan River Regional Coal Team Meeting." 
"Glenwood Springs Resource Management Plan Record of Decision." 

Walchuk, G. P., et al, 'The Hybrid Boiler—Process Heat and Steam from EDS Coal Liquefaction Bottoms," Energy-
Sources Conference, February 1984. 

West Virginia University, "Coal Gasification Availability Analysis," January 1983. 

Wham, R. M., "Stability of Short-Contact-Time Coal Liquefaction Products," January 1984, Oak Ridge National 
Laboratory. 

Wiser, W. H., "Chemistry and Catalysis of Coal Liquefaction Catalytic and Thermal Upgrading of Coal Liquid and 
Hydrogenation of CO to Produce Fuels," October 1983, University of Utah. 

COAL - PATENTS 

"Method for the Gasification and Preparation of a Water-Carbon Slurry," Josef Langhoff and Jurgen Seipenbusch 
(both of West Germany) - Inventors, United States Patent 4,424,065, January 3, 1984. A method of particular-
carbon recovery from the product gas in a coal gasification process of the type using water-carbon slurry combusted 
with oxygen In a reactor uses water scrubbing for the product gas to obtain particulate carbon together with ash. 
Certain ash content is trapped in carbon particles which have a tendency of lumping together. The carbon and ash 
fraction Is treated with liquid hydrocarbon for carbon particle wetting and facilitating separation of ash. The 
recovered carbon is ground to break down bigger carbon particles and sent through a wet particle separator; carbon 
particles which pass a predetermined mesh size, e.g., approximately 63 micron mesh, are sent back to the reactor 
for mixing with the water-carbon slurry inlet for further combustion. The bigger fractions of carbon are either 
ground down to size again, or diverted for other uses. Recycling carbon particles which pass a 63 micron mesh and 
are almost devoid of ash improves the carbon utilization and significantly reduces total ash formed. The abrasion 
damage on components because of ash is also reduced. 

"Process for Heating Coal-Oil Slurries," Walter A. Braunlin, Alan Gorski, Leo J. Jaehnig, Clifford J. Moskal, 
Joseph D. Naylor, Krishnia Parimia, and John V. Ward - Inventors, Pittsburgh and Midway Coal Mining Company, 
United States Patent 4,424,108, January 3, 1984. Controlling gas to slurry volume ratio to achieve a gas holdup of 
about 0.4 when heating a flowing coal-oil slurry and a hydrogen containing gas stream allows operation with virtually 
any coal to solvent ratio and permits operation with efficient heat transfer and satisfactory pressure drops. The 
critical minimum gas flow rate for any given coal-oil slurry will depend on numerous factors such as coal 
concentration, coal particle size distribution, composition of the solvent (including recycle slurries), and type of 
coal. Further system efficiency can be achieved by operating with multiple heating zones to provide a high heat 
flux when the apparent viscosity of the gas saturated slurry is highest. Operation with gas now rates below the 
critical minimum results in system Instability indicated by temperature excursions In the fluid and at the tube wall, 
by a rapid increase and then decrease in overall pressure drop with decreasing gas flow rate, and by Increased 
temperature differences between the temperature of the bulk fluid and the tube wall. At the temperatures and 
pressures used in coal liquefaction preheaters the coal-oil slurry and hydrogen containing gas stream behaves 
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essentially as a Newtonian fluid at shear rates in excess of 150 sec-1. The gas to slurry volume ratio should also be 
controlled to assure that the flow regime does not shift from homogeneous flow to non-homogeneous flow. Stable 
operations have been observed with a maximum gas holdup as high as 0.72. 

"Catalyst for Coal Liquefaction Process," Dark T. Huibers and Chen C. Chia -inventors, Hydrocarbon Research Inc., 
United States Patent 4,424,109, January 3, 1984. An improved catalyst for a coal liquefaction process; e.g., the 
H-Coal process, for converting coal into liquid fuels, and where the conversion is carried out in an ebullated-
catalyst bed reactor wherein the coal contacts catalyst particles and is converted, in addition to liquid fuels, to gas 
and residual oil which includes preasphaltenes and asphaltenes. The improvement comprises a catalyst selected 
from the group consisting of the oxides of nickel molybdenum, cobalt molybdenum, cobalt tungsten, and nickel 
tungsten on a carrier of alumina, silica, or a combination of alumina and silica. The catalyst has a total pore volume 
of about 0.500 to about 0.900 cc per gram and the pore volume comprises micropores, intermediate pores and 
macropores, the surface of the intermediate pores being sufficiently large to convert the preasphaltenes to 
asphaltenes and lighter molecules. The conversion of the asphaltenes takes place on the surface of rnicropores. The 
macropores are for metal deposition and to prevent catalyst agglomeration. The micropores have diameters 
between about 50 and about 200 angstroms and comprise from about 50 to about 80 percent of the pore volume, 
whereas the intermediate pores have diameters between about 200 and 2,000 angstroms and comprise from about 10 
to about 25 percent of the pore volume. The catalysts are further improved where they contain promoters. Such 
promoters include the oxides of vanadium, tungsten, copper, iron and barium, tin chloride, tin fluoride, and rare 
earth metals. 

"Method for Removing Contaminants from Hydrocarbonaceous Fluid," Lillian A. Rankel - Inventor, Mobil 
Corporation, United States Patent 4,424,118, January 3, 1984. The present invention relates to a method for 
removing contaminants such as arsenic from a hydrocarbonaceoai fluid which consists essentially of the crude, or a 
fraction thereof, obtained from oil shale, solid coal, or tar sands by non-catalytically heat treating the 
hydrocarbonaeeois fluid at a temperature of from about 20°F to about 600°F in the presence of an aqueous solution 
containing an agent that would convert such contaminants into components soluble in the aqueous solution. 
Particularly suitable agents to be utilized In the above aqueous solution to remove contaminants such as arsenic are 
ammonium sulfide type compounds. The purified hydrocarbonaceous fluid may be subjected to a catalytic 
hydrotreating process. 

"Fluid Bed Retorting Process with Lateral Flow," Robert D. Oltrogge -Inventor, Gulf Oil Corporation and Standard 
Oil Company (Indiana), United States Patent 4,430,195, February 7, 1984. A fluid bed retorting process is provided 
in which solid heat carrier.material and solid hydrocarbon-containing material, such as oil shale, tar sand, and coal, 
are fluidly moved in a lateral direction until they spill over an upright barrier into an overflow discharge outlet. The 
solids can be premixed in the retort before entering the laterally moving fluid bed in a premixing fluidizing chamber 
or with a conical deflector. Upright annular or transverse baffles can be positioned in the fluid bed to minimize 
lateral backmixlng of solids and can also extend above the surface of the fluid bed to minimize wave propagation. 
Any unfluidized coarse particles can also be moved laterally by gravity flow and Jet deflectors. 

"Slag Removal Method," Josef Langtioff and .Jurgen Seipenbush (both of West Germany) - Inventors, United States 
Patent 4,425,254, January 10, 1984. In a continuous coal-gasification process, slag particles received in free-fall by 
a water bath at the bottom of the reactor, or of a waste heat boiler associated therewith, are wetted with oil, or 
another additive agent. As a result they become bonded together. This prevents floating and facilitates sinking of 
the slag for removal from below the water bath. An annular duct having nozzles at different angles is used to spray 
the slag particles with oil near the surface of the water bath. The nozzles create a turbulence at the surface, 
thereby increasing the effect on the slag particles. A lock hopper fluidly communicates with the water bath right 
below, and collects the slag particles. The removed slag is classified before being used or recycled by feedback into 
the reactor together with coal dust, water and oxygen as components for the reactive process. 

"Coal-Fired Steam Locomotive," David A. Berkowitz, Carl C. Hamilton, Livio D. Porta, and William L. Withuhn - 
Inventors, American Coal Enterprises Inc., United States Patent 4,425,763, January 17, 1984. A coal-fired steam 
locomotive powered by reciprocating steam engines. The locomotive is a two-unit drawbar-coupled locomotive. 
The units, which are designated as a power unit and a support unit, are arranged back-to-back, with each having a 
cabin in front. Operation of the locomotive is equally effective in both directions. The power unit basically 
contains a furnace and combustion system, an ash storage system, a gas cleanup and exhaust system, a boiler and 
steam generator, steam engines, a jet condenser, and a control cab. The support unit, on two 6 wheel trucks, 
contains a modular coal storage area, a stoker motor, a water storage area, heat transfer assemblies and fans for 
air-cooling circulating water, and a second control cab. The coal-gasification furnace, steam boiler, and steam 
engines are all in a closed system. Further, the steam engines of the locomotive are in the form of a four cylinder, 
balanced system for driving the running gear of the locomotive. The steam expansion cycle is compounded; two high 
pressure cylinders exhaust into two low pressure cylinders, with all cylinders sized for equal thrust. Spent steam is 
condensed, cooled on board, and the water recycled through the boiler. A condensing cycle is utilized to both obtain 
more power and minimize water make up. A large water supply is carried on the support unit to minimize way side 
water points. Condensing of the water is by jet condensing which takes place on the power unit and utilizes 
feedwater as the Jet condensing means. The heated water is pumped through a heat exchanger provided on the 
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support unit before returning to the water supply tank. To eliminate nuisance dirt, coal is prepackaged in large 
modules. Up to three modules are placed over the stoker screw mechanism contained on the support unit. 

"Coal Liquefaction Process with Controlled Recycle of Ethyl Acetate-Insolubles," Samil Beret and Christopher W. 
Kuebler - Inventors, Chevron Research Company, United States Patent 4,428,820, January 31, 1984. A process for 
increasing the conversion of coal to ethyl acetate-soluble products comprising: (a) heating a slurry comprising a 
solvent and particulate coal in a dissolution zone to produce a first effluent slurry comprising ethyl acetate-soluble 
liquid components and ethyl acetate-insolubles; (b) contacting at least a portion of said first effluent slurry with 
hydrogen in a reaction zone in the presence of an externally-supplied hydrogenation catalyst under hydrogenation 
conditions to produce a second effluent slurry which comprises ethyl acetate-soluble liquid components and ethyl 
acetate irtsolubles, said ethyl acetate insolubles comprising organic components and inorganic components; (c) 
partitioning said ethyl acetate-insolubles in at least a portion of said second effluent slurry to provide a solids-rich 
fraction containing ethyl acetate-insolubles in an amount (1) sufficient to increase substantially the conversion of 
said coal to ethyl acetate soluble components and (2) insufficient to cause the hydrogenation fouling rate of said 
catalyst to exceed 0.3 0C per hour. 

"Process for Removing Tar Bases from Lurgi Tar Acid Stream," Robert L. Lovell - Inventor, Koppers Company, Inc., 
United States Patent 4,429,170. A process is disclosed for purifying the tar acid mixture that is obtained from the 
Lurgi process of coal gasification. The tar acid is treated with dilute aqueous sulfuric acid solution to form non-
volatile tar base salts from the tar base component and to hydrolyze the neutral oil component and than distilling 
the tar acid component off from the non-volatile tar base salts and the hydrolysis producs of the neutral oil 
component. A process for purifying a tar acid mixture that is obtained as by-product of coal gasification by the 
Lurgi process and that contains tar base and neutral oil components as contaminants, comprising: (a) treating the tar 
acid mixture with an 

amount of dilute aqueous sulfuric acid solution having a range from about 25 concentration by 
weight percent of H2SO4 in an amount of at least about 50 percent stoichiometric excess of the amount of tar base 
component initially present In the tar acid mixture, at a temperature in a range from about 80 0 to about 120°C, for 
sufficient time to form non-volatile tar base salts from the tar base component and to form hydrolysis products of 
the neutral oil component; and then (b) separating the non-volatile tar base salts and the hydrolysis products from 
the tar acid mixture by distillation. 

"Method and Apparatus for Total Energy Systems," Anthony J. Cirrito -inventor, CUP Partners, United States Patent 
4,430,046, February 7, 1984. Combustion Jet pumps ingest waste heat gases from power plant engines and boilers to 
boost their pressure for the ultimate low temperature utilization of the captured heat for heating homes, full year 
hot houses, sterilization purposes, recreational hot water, absorption refrigeration and the like. Jet pump energy is 
sustained from the incineration of solids, liquids and gases and vapors or simply from burning fuels. This is the 
energy needed to transport the reaction products to the point of heat utilization and to optimize the heat transfer to 
that point. Sequent jet pumps raise and preserve energy levels. Crypto-steady and special jet pumps increase 
pumping efficiency. The distribution conduit accepts fluidized solids, liquids, gases and vapors in multiphase flow. 
Temperature modulaton and now augmentation takes place by water injection. Macro solids such as dried sewage 
waste are removed by cyclone separation. Micro particles remain entrained and pass out with waste condensate just 
beyond each point of final heat utilization to recharge the water table. The non-condensible gases separated at this 
point are treated for pollution control. Further, jet pump reactions are controlled to yield fuel gas as necessary to 
power jet pumps or other use, in all these effects introduced sequentially, the available energy necessary to provide 
the flow energy, for the continuously distributed heating medium, is first extracted from fuel and fuel-like additions 
to the stream. As all energy finally converts to heat, which in this case Is retained or recaptured in the flow, the 
captured heat is practically 90 percent available at the point of low temperature utilization. The jet pump for coal 
gasification is also disclosed as are examples of coal gasification and hydrogen production. 

"Fluidized Bed Catalytic Coal Gasification Process," Dolores C. Aquino, John J. Dunkleman, Charles A. Euker, Jr., 
Toby R. Gouker, and Robert D. Wesselhoft -Inventors, United States Patent 4,432,773, February 21, 1984. Coal or 
similar carbonaceous solids impregnated with gasification catalyst constituents are oxidized by contact with a gas 
containing between 2 volume percent and 21 volume percent oxygen at a temperature between 50° and 2509C in an 
oxidation zone and the resultant oxidized, catalyst-impregnated solids are then gasified in a fluidized bed 
gasification zone at an elevated pressure. The oxidation of the catalyst-impregnated solids under these conditions 
ensures that the bed density in the fluidized bed gasification zone will be relatively high even though the solids are 
gasified at elevated pressure and temperature. 

"Slurry Feed Pump for Coal Liquefaction Reactors," Horst Dunnebier and Adolf Kratzer (both of West Germany) - 
Inventors, Klein, Schanzlin & Becker AG, United States Patent 4,433,947, February 28, 1984. A slurry feed pump 
which delivers a highly pressurized suspension of coal particles, coal oil, and a catalyst to a liquefaction reactor is 
installed in a plenum chamber which is filled with pressurized coal oil and surrounds the pump housing. The 
suspension-supplying conduit sealingly extends into the chamber and is connected with the inlet of the pump housing, 
and a second conduit which delivers pressurized suspension to the reactor sealingly extends into the plenum chamber 
and is connected with the outlet of the pump housing. The pump is a vertical cantilevered centrifugal pump which is 
operated below first critical speed and its housing has holes for admission of coal oil from the plenum chamber to 
those parts In the pump housing which are most likely to undergo extensive wear under the action of coal particles in 
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the suspension. The pump shaft extends upwardly through the plenum chamber and is surrounded by a shroud having 
one or more openings which admit coal oil from the plenum chamber to prevent escape of suspension along the shaft 
and into the plenum chamber. The. motor which drives the shaft is a wet motor which is installed at a level above 
the plenum chamber and above a highly pressure-resistant sealing device which surrounds the shaft and is connected 
with a pressure transmitter. The latter circulates a sealing fluid through the sealing device and is connected with 
the plenum chamber. 

"Recovery of Catalyst from Coal Liquefaction Residues," Ramachandra A Nadkarnia and Gopal H. Singhal - 
Inventors, Exxon Research and Engineering Company, United States Patent 4,434,043, February 28, 1984. Metal 
constituents are recovered from the heavy bottoms produced during the liquefaction of coal and similar 
carbonaceous solids in the presence of a catalyst containing metal constituents by redUcing the carbonaceous 
content of the heavy bottoms, contacting the resultant heavy bottoms deficient in carbonaceous material with an 
aqueous solution of a mineral acid in the presence of an added alcohol and an added oxidizing agent to extract the 
metal constituent from the insoluble catalyst residues into the aqueous solution, and using the metal constituents 
extracted as constituents of the catalyst. Preferably, the metal constituent comprising the catalyst is molybdenum, 
the mineral acid is sulfuric acid, hydrochloric acid, or phosphoric acid, the oxidizing agent is hydrogen peroxide and 
the alcohol is methanol. In a preferred embodiment of the Invention, the carbonaceous content of the heavy 
bottoms is reduced by subjecting the heavy bottoms to a solvent extraction at elevated temperature and pressure 
with a hydrocarbon solvent in the presence of molecular hydrogen. 

"Process for Manufacturing Gasoline with Upgrading of Hydrocarbon Oils," Jean Pierre Franck, Yves Jacquin, 
Bernard Juguin, Christian Marcilly, and Germain Martino (all of France) - Inventors, Institut Francais du Petrole, 
United States Patent 4,435,274. Residual oils from steam-cracking or catalytic cracking, oils from coal 
liquefaction, and oils from bituminous sands and shales are converted to gasoline by a process comprising the 
fractionation of the feed charge to a naphtha and a middle distillate: the naphtha, admixed with a gasoline cut "E," 
is hydrotreated and than dehydrogenated to gasoline; the middle distillate Is hydrotreated and fractionated to 
gasoline and a heavier fraction, the heavier fraction Is hydrocracked and fractionated, thus producing a gasoline cut 
which constitutes the above cut "E." 

"Process for Devolatiizing Devolatilizable Fine-Grained Material by Means of Hot, Fine-Grained Heat-Carrying 
Material," Alions Bussmann, and Roland Rammler (both of West Germany) - Inventors, Metallgesellschaft AG, 
United States Patent 4,436,588, March 13, 1984. Devolatilizable fine-grained material which contains hydrocarbons 
is devolatilized by means of fine-grained solids which have been heated to temperatures of about 5000 to 1,000°C. 
The devolatiizable fine-grained material is mixed with the heated solids and Is thus heated to temperatures of about 
4000 to 900°C. The mixture Is passed through a dwell zone, and gaseous and vaporous devolatilization products are 
withdrawn and cooled. The heated solids are fed to the dwell zone as a loosened stream in a trickling and/or 
agitated state of motion, and the devolatilizable fine-grained material is introduced into said stream in order to be 
admixed thereto. The heated solids and the devolatillzable fine-grained material can be mixed in a weight ratio of 
3:1 to 12:1. The stream of trickling heated solids can be deflected at least in part. 

"Coal Liquefaction Process," Taicuji Hosoi, Takao Kanou, Ryohei Minami, Shozo Okamura, and Yoshihiko Sunami (all 
of Japan) - Inventors, Sumitomo Metal Industries Ltd., United States Patent 4,437,974, March 20, 1984. A coal 
liquefaction process and apparatus therefor are disclosed according to this invention, a finely divided coal and a 
solvent are contacted with molecular hydrogen in the presence of a catalyst to provide a slurry, the slurry is 
separated into a gaseous component, a liquid component and a solid residue, the solid residue which is the 
liquefaction residue is then supplied to a molten metal bath together with oxygen gas to generate a gas entraining 
fine powdery solids, and the thus-recovered fine powdery solids are returned to the liquefaction process as a 
catalyst.

#04* 
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